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Dear Mr Fozlur-Rahman Khan, 

We transmit herewith Volume I-Part II of the Schedule of Rates (Specifications for execution 
of works) os finalized by the Technical Sub-Committee. The Sub-Committee undertook this work 
during March 1964 and was able to finalize it in about 80 sittln s Jie.proceu..that was-.odopted 
tnfrnaliz,ng the speci icat/ons for materials of construction has been followed In t/ils case too. 
The Technical Sub-Committee with its research staff conducted a vast survey of the literature 
available on the subject and In addition collected Information from various projects that were being 
executed by different departments. The text has also been reviewed by Chief Engineers of 
the various p:Jrtictpant departments before it was finalized. 

This hand book is Intended to Introduce uniform engineering practices In the country and will 
thus replace all such compilations currently In use In voriou1 deportments. Despite the fact that 
all efforts h~ve been mode to make this volume a comprehensive guide, the scope for improvement 
is always there. 

We hope and recommend that like Schedule of Rotes, Volume I-Part I, this publication ,t,ould 
also be published and brought Into use In all the deportments of Government of West Pakistan a, 
well as auto!lomous bodies in order to ensure uniform engineering practices in the country. 

Your's sincerely, 
The Tec:hnicol Sub-Committee 

I. Mr. lrshad Ahmad. P.S.E.I. 2. Mr. S. S. Hasan, P.lts.E. 3. Mr. Z. H. Syed, P.R..S.£. 
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4. Mr. Mahm,od-ur-Rehman, S. Sh . Rioz Ahmad, P.S.E.I. &, Nazir Ahmad Jiabajl P .5.E.I. 

P.R.S.E. 
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7. Syed Manzoar Hussain 8okharl, 8. Mirza Abdul Latif, P.S.E.t. 

P.S.E..I. 

~~ 
f 0. Malik Yaqub Ali, P.S.£. 
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Additional Secretary to Government, 
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PREFACE 

The Standin1 Rates Committee was constituted by the Government of West 
Pakistan to prepare a common Schedule of Rates and to keep it upto-date by 
revising it from time to time on the basis of market conditions. It consists of the 
following members at present:-

1. Additional Secretary to Government. West Pakistan, finance Depart
ment: Chairman. 

2. A Representative of lrrieation and Power Department of the Provincial 

Government. 
3. A Representative of West Pakistan Water and Power Development 

Authority. 
4. A representative of the Communications and Works (B& R) Department. 
5. A representative of the Public Health Engineerin1 Department. 
6. A representative of the Pakistan Western Railways. 
7. A representative of the W. Pakistan A.O.C. 

The committee plans to bring out a complete Schedule in three volumes 
in parts. Part I of Volume I was published in 1964 and contained 0 Specifications for 
materials of construction". The Committee now presents Part II of Volume I 
contaihing "Speciflcations for execution of works", It contains the qualitative as 
well as contractual requirements of all types of engineering works normally 
carried out by various Departments. 

These specifications shall come into force on 1st July 19'7, and shall 
supersede all other books of specifications for execution of works in operation 
in the Government Departments and in the autonomous bodies to which these 
apply. 

L~-... 1 

Fadur-Rahman Khant C.S.P., 
Chairman 

Standing Rates Committee 

( I 

' I 

I 
i 



-~ 

ACKNOWLEDGEMENTS 

The Standing Rates Committee wishes to acknowledge the helpful advice and 
suggestions received from the followlni dignitaries In regard to the specifications for 
execution of works :-

I. Ch. Fual-ur-Rahman, P.S.E.1. 

l. Mr. Sarwar Jan Khan, P.S.E.I. 

3. Mr. Sayyld Hamid, T. Pk., P.S.E.1. 

'4. Mr. S. M. Said, P.S.E.t. 

S. Mr. M.A. Waheed, P.S.E.I. 

6. A. G. Sheikh, S.S.E.I. 

7. Mr. S. S. Klrmanl, S.Q.A., P.S.E.I. 

8. K. A. Ghafoor, I.S.E. 

9. Mr. S. S. Hasan, P.R.S.E. 

10. Hr. Sultan M. Nalm K.han, P.S.E.I. 

_, -------' --

., 

• 



, I" _, 

_ lnlrod u c Ii on 

Presently, there are no standard specifications for the execution of civil eng 
works which would have a uniform application to all the engineering works in 
departments in the province. Some of the departments have their own specifications 
conflicting to each other, while the others do not have any at all. Civil Engineers st. 
in various deportments in general and young engineers in particular do not (in the abs 
of a standard book containing specifications) get proper guidance in this respect. 
importance of a book of specifications that will uniformly and adequately co\'er all de. 
ments is, therefore, very obvious. " 

This book-The Schedule of Rates, Volume I, Part II, Specifications for Execution ofworks
is one of a series of other similar books, like "Composite Schedule of Rotes", "Specifications 
for Materials of Construction", "Analysis of Rates", etc. published by the Star.ding Rotes 
Committee for use in various departments. On publication, this book, besides being ~ u,e,'il/ 

guide to Engineers, will have a legal binding value in the execution of various types of civil 
works, on the contractual basis. No originality can be claimed in the compilation of tliis 
book, in fact, a number of important books available on this subject hove been consulted. 
A dro~ text of this book was sent to eminent engineers of the country for comments. 
Improvements suggested by them were token due note of before the text was finalized and 
sent to press. 

Since the science of Civil Engineering is undergoing revolutionary changes in the inter

national field, the text of specifications of various items provided in this book is likely to be 
revised, or even completely replaced, periodically. Th is book will, therefore, require 
occasional revision. 

Every item of work like masonry, concrete, earthwork, has been assigned a separate 
chapter in this book. These chapters have been sub-divided into two parts. 

(I) Introduction. (2) Specifications. For the facility of reader not only glossary of terms 
has been added to the chapters of important items. but an index of the whole boo~ has also 
been appended. 

_ .... .---- .:., .. ~ .. ,.._ '-....._ .... ~ "./.~ ( ' ( ..._,I~- -U, · / ' ~,.,,.- , •' ~ r-
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Specifications 

I. Unless otherwise specified or directed in writing by the Engineer-In-charge, 
carriage of all materials between stations connected by rail shall be done only by the 
railway goods train and all rules and regulations In force In the Railway Department 
In this regard, shall hold good. Other means of transport shall be allowed only 
when:-

(1) The goods train is not available within the stipulated period. In this case 
a certificate shall have to be recorded by the Engineer-In-charge. 

(ii) The railway track Is not in order for a certain reason and Is expected to 
take a considerable time before it ls put In order. 

(ill) The material to be transported Is perishable, and the goods train takes 
a considerably longer time than the road transport, and thus does not 
ensure a safe transportation. 

(iv) Any other unforeseen calamity which In the opinion of the Engineer•ln
charge Is so pressing as to make carriage by road essential. 

2. Whatsoever may be the mode of transport (except goods train) the agency 
undertaking the carriage of material shall be responsible for Its safe loading, unloading, 
delivery to the specified site within the specified time and stacking, unless It Is damaged 
as a result of a calamity beyond the control of that agency. 

3. The material carted shall be properly stacked at the specified site to the satls
faetlon of the Engineer-In-charge or his authorized subordinate, 

<I. When carts or other animal driven transports are engaged for carriage on a 
dally wage basis, the quantity or material to be conveyed, the distance to be travelled 
and the number or trips to be made, shall be fixed by the Engineer-In-charge or his 
authorized subordinate. 

5. Carriage shall be contracted for by weight or by volume at a mileage or 
c:halnage rate or a fixed rate between specified places. In the former case the distance 
shall be measured by the nearest practicable route, and the miles measured shall be 
statute miles. 

6. (1) The unit rate shall Include loading of material within one chain. carriage to 
a specified site, unloading and stacking, as per above specifications, within 
a distance of one chain from the site of unloadln,. 

(11) If the lead for loading, unloading and stacking exceeds one chain the pay
ment for additional chains shall be ma.de at the rate of second and sub
sequent chains. 

(111) In case or works where Item rates Include the handling of material up to 
a certain distance any extra carriage Involved beyond this distance shall 
be payable at the rate prescribed for the subsequent chains or miles, as 
the case may be. No additional payment shall be made to the contractor 
for charges like de,nurra1e, wharface and the toll taX. 
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Ablcalani (Sindhi) 

Accretion of 
Levels 

Afftux 

Apron 

Avul1ion 

Back Water 
(Curve) 

Bar 

Bed Load 

Berm 

Blow.out (or 
Sandboil) 

Borrow·pib 

Breach 

Caving 

NO. 17 EARTHWORK CHAPTER 17 

61ossary Of Terms 

The inundation or flood season which extends from 1st May to 15th October. 

The rise In specific levels of the bed or river channel at any site. It Is the 
converse of degradation or retrogression of levels. 

The rise above the natural surface of water caused by an obstruction in the water
way. 

A floor or lining of stone, concrete, etc., to protect a surface from erosion and 
withstand hydrostatic pressure. 

The breaking through by a river across the narrow neck of a horse-shoe bend, 
or the entire change In the course of a river when it breaks through one of its banks 
In a deltalc region. 

A particular form of the surface curve of a river or stream which is concave upwards. 
It Is caused by an obstruction In the channel, such as a weir or regulator or a low level 
of water heading up against higher land. 

A deposit of river-borne material at the mouth of a river or bye-river or at the 
offtake of an Inundation canal. 

The detritus (silt, sand, etc.) rolled along the bed of a stream. 

An horizontal ledge on embankment given for the purpose of thickening and 
increasing "cover" In the rear lower part of a bund. 

In the case of Irrigation channels berm is formed by silting up where the channel 
Is in filling and le~ at the time of construction (excavation) where It Is in 
cutting (digging). It strengthens the bank, brings In saturation line and reduces possi
bilities of leaks and breaches. It has the maximum utility for canals having high 
embankments. The minimum width of a berm should be one half F.S.O. of the channel 
and It should be sloping towards the channel. The berm width usually prescrJbed is 
20 to 30 or (l/lD+4 feet) for big canals and (1/20+2 feet) for small canals. In the 
case of metalled roads berm Is the horizontal earthen portion of the road embankment 
on both sides of the metalled track. 

An underground leak occurring through a sand stratum under the base or seat ot 

a bund, breaking out through the ground surface on the rear of the bund in the form 
of a bubbling spring and carrying with it a volume of sand. 

Pits excavated for obtaining earth required for making embankments. 

A break or gap in the continuity of embankment line through which the river 
water floods the country on the rear of the bund line. In Sindhi, lt ls called gharo or 
khand. In the USA it is call~d a 'crevasse'. 

Erosion of a river bank or bund by the undermining action of water, which 
causes the super·lncumbent earth to collapse. 
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The minimum thickness or height of earth required anywhere over a specified 

level or line measured vertically or horizontally, as the case may -se:-"Tne cover over 

hydraulfc gradient line or saturation line Is measured vertically. 

According to the definition ofthe International Society of Soil Sciences, all particles 

or soil less than 0.002 mm in diameter are classified as clay. These soils usually contain 
about 55 per cent clay, 40 per cent slit (0.002 to 0.02 mm) and 5 per cen~ sand (0.02 mm 
and above). 

The movement of water under or around a structure built on permeable found
ations. (Also see Piping.) 

(I) The top of an embankment or weir or the highest floor level of a regulator or 
sluice at the point of control. It is also called 'crown'. 

(2) The peak of a flood. 

The top of an embankment or bund. {Also see Crest.) 

A wall provided at the downstream and/or upstream extremity of a sluice or 
regulator to prevent the undermining of the sub-soil by scour, piping, or floatation. 

The unit of discharge used in irrigation practice and meaning a rate of flow of one 
cubic foot per second. 

(I) The difference between the water levels upstream and downstream of a regu
lator or an obstruction. 

(2) A channel excavated artlficlally or formed naturally by avulsion reducing the 
length of a course of stream or river. 

(3) An anticreep wall in a sluice or regulator. 

Any material, such as floating trash, suspended sediment, or bed load, moved by 
flowing stream. 

The alluvial tract formed by the deposit in the sea of the sediment carried by the 
river. 

A wall of brick masonry in a section of the bund (especlaJly In very bad and trea
cherous soils) to reduce percolation and avoid leaks or to gain sufficient time to cfoge 
these leaks. (Also see Sandcore.) 

A form of the surface curve of a river or stream which Is convex upward. It Is 
caused by Increase In velocity and slope, consequent upon a drop In the water level, 
or drawndown, such as near or at the entrance to a river "cut-off" or below a flume 
in a channel. (See Back water curve.) 

Shore projeaion extending over a canal bank on Its elther edge constructed pri
marily to prevent cutting up of the bank slopes caused by rain. It provides addi
tional safety so far as free board is concerned and also ensures greater safety for wheeled 
traffic In driving. The usual measurement of the dowel Is: top width 1.25 feet, height 
about 1.25 feet and side slope I½: I with bottom as 5 feet. 

A line ranged at right angles to the general alignment from the toe of the bund 
to the eroding edge of the pucca bank of the river. 
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Cove 

Clay 

Creep 

Crest 

Crown 

Curtain-wall 

Cusec 

Cut.off 

Debris or 
Detritus 

Delta 

Diaphragm Wal 
or Core Wal 

Drop-down 
(Curve) 

Dowel 

Erosion Line 
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Erosion Ordinate 

Free Board 

Floatation 

Formation 

Formation (for 
Rallway) 

Formation 
(Making up For
mation for Railway) 

Groyne 

Guide Bank 

Hydraulic 
Gradient Line 
Hydrograph 

Kalar 

White Kalar 

Dark Kalar 

.. _ 

The measure of the erosion line, i.e., the distance from the toe of the bund to the 
edge of the eroding pucca bank of the river, generally ranged at right angles to the 
normal alfgnment of the bund. 

The distance between the designed full supply level and the top of the embankment 
or masonry work left to allow for wave action, floating debris, or any other condition 
or emergency, without overtopplng the banks of the channel or sides of the structure. 
In the case of dams it ls the distance from the top of the dam to the water surface in the 
reservoir during maximum flood conditions. 

The undermining caused by the residual force of water, flowing through the sub· 
soil, whlch acts In the direction of the flow and is proportional to the pressure gradient 
at that point. 

The top of embankments or the bottom of cuttings. 

The top of embankment or the bottom of cutting ready to receive the ballast 
as denoted by the ultimate grade llne or level along the centre line on the longitudinal 
section. 

It lncludes:-

(1) All cuttings and embankments necessary to prepare the ground for receiving 
ballast and track. 

(2) Side and catch water drains. 

(3) Protectlon measures for cuttings and embankments and their slopes. 

(-4) Topping embankments with selected material. 

(5) Diversion for roads and streams: and 

(6) All similar works pertaining to the construction of railway line, Its siding 
tracks and station yards. 

An obstruction of stone, timber or brushwood constructed from the embankment 
of a river to divert or hold the flow. A stone groyne Is called a spur. When construc
ted parallel to the river flow for protection against wavewash, it is called a "longitu
dinal groyne", or "muhari", 

A protecting and training bank constructed to guide the rlver to and from the weJr 
through the waterway provided. A river bund may, in effect. be a guide bank when it is 
at the edge of the river course, there being little or no foreshore between the river 
course and the toe of the bund. 

In a bund, It is the same as the saturation line (q.v.). 

A graph showing the gauge (or discharge) with respect to time. 

Salt impregnated soil. The following types of kalar generally occur in the south· 
thern areas of West Pakistan. 

Main salts: sodium chloride, sodium sulphate and magnesium sulphate. This Js the 
commonest type of kalar in the southern areas. 

In addition to the salts found in white kalar. it contains the chlorldes of magnesium 
and calclum. It Is found on land affected by waterlogglng and seepage. 
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k.Lo.llil.UlLU.:fotm. cub::>nltc, in :idd1tion to s:ilts 1n ~ hite a;id dark kalar. The 
large amount of lime present in the soils in southern are:is prevents excessive formation 

of black kalar. This kalar is present in badly drained localities. 

It contains the nirratei of potassium and !odium in addition to the salts found 

in white kalar. 

An excavation in the base of a bun d or other structure filled with specially 

selected materi:il, generllly sand, in c:ise of river bunds to bond the bund into the 
ground surface. 

Th~ shorte.r possible horizonul route between the centre of gravity of the 

material exc:iv:itcd and the centre of gravity of the material finally placed in the em· 
bankment. 

The horizontal lea:i as defined :ibove plus the lift converted into horizontal lead, if 
any. 

The vertical difference between the c:entre of gravity of the earth excavated .ind 
the centre of gravity of the earth pl.iced in the emb:inkment. 

Lift shall be converted into horizontal lcld with the :iid of table appended . 

An increasingly swift passage of w:iter through a hole or cavity in an embankment 
carrying with it the soil of which the embankment is built. The hole itself Is also 

referred to :is leak. 

When there are two lines of defence, the bund line constructed on the rear or on the 

side of the land is generally called Loop Bund. (The first line is called the front bund .) 
If the first line of defence is eroded or abandoned the loop bund may bec:ome the front 
bund, or vice versa. If another line of defence is constructed on the side of the river 
the front bund (so called prior co chis new construction) becomes the loop bund. 

The embankment whic:h forms the principal line of defence, e.g .. in a composite 
bund with wetting channel it is the bund on the rear or on the side of the land of the 
W"Ctting channel. 

River or canal water running over the top of the bank. 

The now of water under or around a structure built on permeable foundations 
which, If not prevented or stopped, will remove materi:il from beneath the structure 
and cause it to fall. The erosion of sub-soil by high velocities of flow of water through 
it, when such velocities exceed a certain limit , is :ilso referred to as piping. 

An index of void c:haracteristic of a soil or stratum as it pertains to percolation and 
degree of perviousness. 

The lowering of the specific levels, i.e. oi the level of water surface of a channel for a 

glv~n discharge. 

According to the definition of the lnternation;il Society of Soil Sciences, coarse river 
or canal sediment of size 0 .02 mm and up to 2.00 mm in diameter is called sand . Sand 

soil contains up to about 5 per cent clay, 0 .002 mm in diameter or less, 10 per cent 
silt, 0.002 to 0.02 mm in diamter, and oS per cent sano of 0 .02 to 2.00 mm in diameter. 
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Black Kalar 

Brown Kalar 

Key Trench 

Lead Horizontal 

Lead- Total 

Lift-Vertical 

Lift into Lead
Conversion 

Leak 

Loop Bund 

Main Bund 

Over-topping 

PipinJ 

Porosity 

Retrog!'ession 

Sand 
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Sand Core 

Seepage 

Saturation 
Gradient 

Slip or Slide 

Silt 

Wave Wash 

Weep Holes 

Wetting Channel 

Definition 

Types of 
Excavation 

Precise 
Excavation 

A hearting or c:ore of pure sand provided In the bund sec:tlon, particularly In 
kalar, hard clay or bad soil and is intended to prevent or reduc:e leakage and rat holes 

through the bund section. 

The percolation of water through embankment or soil. 

The slope of the top-most seepage line, or the surfac:e of the percolating water, 
through the cross-section of the embankment. (Also see hydraulic gradient ll~e.) 

Where the saturation gradient Intersects the downstream slope or face, a"d water 
crops up making the lower part pasty, the dry-earth slips or sloughs over the saturated 
earth, squeezing it out. This leads to slides or slips, fast endangering the stability 
of the bund. 

According to the definition of the International Society of Soll Sciences, all particles 
of soil from 0.002 mm to 0.02 mm in diameter are classified as silt. Silty soils con· 
tain up to about 20 per cent clay of 0.002 mm In diameter and less; 45 per cent silt of 
0.002 to 0.02 mm In diameter; and 35 per cent sand of 0.02 mm in diameter and 
above. 

The damage done to the bunds when the flood waters strike and splash on their 
upstream face unless counteracted by jungle or pllchi pitching or other artificial 
devices. 

Openings left in diaphragm walls, pitching, etc., to permit drainage and wet the 
earth on their rear side or on the side of the land, so as to reduce unequal pressures 
owing to saturated earth on one side and dry earth on the other. 

A device used for soaking (staunching) or preparing a bund in advance of the main 
rise of the river, for its task of holding back the river, It refers to both the gravity 
channel, from the river lip to the bund and to the channel between the trench bund 
and the main bund through which water ls pumped to soak the main bund. 

Introduction 
Earthwork covers any or all works involved in cutting or digging in spoil or soil 

of various classifications; dressing the excavated pit to the specified grades and dimen
sions; sorting, transporting and rehandllng of excavated material; stacking, filling or 
refilling, compacting and dressing the top and side slopes of the resultant embankment 
or spoil bank to the required grades and dimensions, along with all other related 

operations. 

Broadly speaking all excavations (digging or cutting) can be grouped as (a) 
Precise excavations (b) Borrow-pit excavations. 

Excavation for attaining certain definite levels, grades and dimensions shown 
In the drawings such as excavation for foundation of various types or buildings, irriga
tion structures; cuttings for rail and road formations; excavation for key trenches, 
Irrigation channels, drains, sewers for other similar works; remodelling, regrading or 
desiltlng of exlstini channels and reconditioning of the choked drains and sewers 
etc. are known as precise excavation. These excavations are usually done In uniform 
lifts, reach by reach, and In such a fashion that they dr.1in themselves automatically. 
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ltiiaavinble-n:rdig-out- a-<en,r-al ti:endL.fic.suruuhen proceed to dress the sides 

to required slope5 by cuttings. In all such cases the formation levels are observed 
before and after the actual excavation to adjudge the accuracy of the cutting. Any 
excess cutting has to be made good with selected material thoroughly compacted 

under Instructions of the Engineer-in-charge. 

The material obtained from these excavations may be disposed of In any of the 

following manners:-

(I) Finds like antique relics, coins, fossils, which normally cannot be used In the 
work are deposited with Government store under directions of the Engineer· 
ln•charge. 

(II) Suitable excavated material may be used in raising dams, embankmenu, 
ramps, rail and road formations or refilling the voids of foundations after 

the erection of the structure. 

(Ill) Excavated material considered unsuitable for any of the above usages or 
rendered surplus, is usually dumped in spoil banks properly dressed under 
the directions of the Engineer-In-charge. 

Excavations which are necessitated for procuring suitable and adequate materials 

for raising dams, embankments, core walls, ramps, rail and road formations or refilling 
the voids of foundations after the erection of the structure or for other allied purposes 
are known as borrow-pit excavations. 

pitS, 

The following factors govern the locations, spacing and dimensions of borrow-

(I) Type and quantum of earth to be procured. 

(11) Type of embankments for which borrow-pits have to be dug. 

(111) Safety of the existing works or new works under construction. 

(iv) Subsequent use of land under borrow-pits. 

(v) Ease in recording and checking the measurements of the quantity of 
excav3ted materials. 

(vi) Mode of excavation. (By machine or manual labour.) 

(I) Borrow-pits should be located well away from the embankment so that they 
do not cut the hydraulic:· grade line of the resultant embankment but leaves some 

cover above It. 

(2) The borrow-pit area should be cleilrly demarcated by a dagbel before commen
cing any digging. If old borrow-pits already exist In the demarcated area, they should 
be measured and their measurement recorded. Sizes, configuration and dlnlnctlve 
marks In the new borrow-pits should be so fixed that they do not get mixed up with 

the old ones. 

(3) No borrow-pit should be excavated beyond the specified limits, or c:lose to 
an existing road village track, embankments and other structure whic:h are liable to be 

damaged. 

(4) For storage dams, borrow-pits in the reservoir should not be dug nearer 
than twice the height of the dam from Its front toe. 
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Classiflcations 
of Soil 

(5) Borrow-pits should not as far as possible be excavatd on the land side of a river 

embankment because that would Increase the Infiltration head acting on the embank· 
ment and may cause It to leak. On the river side it should not be nearer than 100 
feet for repairs and 150 feet for new construction from the toe of the embankment. 
Borrow-pits, 150 to 20:l feet, should not be more than 6 feet deep: 200 to 300 feet not 

more than 8 feet deep; and beyond 300 feet may 1:>e of any depth. 

(6) Borrow-pits should not be nearer than 30 feet from the toe of a big canal bank, 

and 10 feet from the toe of a small channel bank if their depth does not exceed 2 feet. 
If the depth exceeds 2 feet, the minimum distanca recommended from t he toe of the 

bank of a small channel is 15 feet. 

(7) Borrow-pits should be as shallow as possible so that the 1:ind can be subsequently 
ploughed over and brought under cultivation. In ccltiv.ited areas, where lands have 
been temporarily acquired, the depth should not be more than one foot: otherwise the 
maximum depth is 3 feet . No pit should be excavated more than 5 feet within a 
distance of 300 feet from tht to:? of an embankment. 

(8) Borrow-pits should not be cordnuou~ or otherwise they will form a channel. 
At least 10 feet wide strip should be left unexcav .. tcd in every chain or so. 

(9) A space of about 5 feet should be left around all pits for labourers to pass. 

(10) Borrow-pits should be in multiple of 10 icct length to facilitate recording 
and checking the qu:intity of the ex:;l·,·a:cd ma,erial. 

(11) No borrow-pit should be dug in the cencr;il portion of a channel berm nor in 
a canal bed below the bed level except as detililed below. Where the earth h:is to be 

borrowed from near a canal bank, the pits should not be more than 6 inches deep, 

(12) In the case of large channels, borrow-pits can also be dug in the bed 
leaving 5 feet berm from the Inner toe of the banks on either side and a width 
equal to half the length of the pit between each pit. The width of pits should 
not exceed half the bed width of the channel and depth I to 2 feet below the becJ. 
Pits should not be dug near any masonry works or within 20 feet of the footpaths or 

cattle tracks crossing a channel since they tend to cause the inner slopes to the channel 
to slip down. These pits get silted up as the channel runs for a couple of months. No 
pit should be dug in beds of channels in which no sik is ordinarily deposited. 

(13) Borrow-pits may be dug in berms where they are very wide and likely 
to silt up rapidly. The earth should ordinarily be obtained by cutting vertical 
pockets, whose long lengths should never be dug down to below bed level. The 
length of pockets should not exceed the bed width of the channel or IO feet, whichever 
is less. Spaces left between the pockets should not be less than 5 feet wide. 

(14) Before digging any materials for filling in the embankment, the entire surface 
of the borrow-pits should be cfe;ired off all grass, roots, shrubs, Jungle or any other 

organic matter liable to decay and form dangerous pockets. 

The formation of soil varies from place to place and usually the soil of the following 
classifications Is found in various parts of West Pakistan. 

(a) Soft Soil-It comprises sand, srlt and those soils which offer no resistance 
to excavation and some time require shoring when foundations of exact dimensions are 
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required to be excavated. Ordinary kassi (phawarah) shovel or spade can be used for 

excava r i onJnJuclL.scils._ 

(b) Ordinary Soil-le comprises earth and sandy loam, spoil or rubbish of 
every description and any other formation into which a spade and kassl (phawarahs) 

pick or shovel can excavate. 

(c) Hard Soil-It comprises stiff and heavy clayed soil having specific gravity of 
I .S and above and at times having small percentages of kankar or boulders mixed up. 
It cin be excavated by repeated blows of kassi or with plck or shovel. 

{d} Very Hard Soll-It comprises hard moorum with high percentage of kankar 
or bo:ilders. mud concrete, shale lime or concrete, conglomorate formation, brick
work in lime. stone masonry in lime, metalled surface of road (tarred or untarred), 
hard c:>re und~r floor and road bottoming, and any other formation Into which a spade 
cannot enter and whose excavation requires the forcible application of a pick. 

(e) Grovel work and soft rock n:>t requiring blasting-It comprises gravel 
formation, cement concrete, brickwork In cement, soft varieties of lime stone, sand 
stone, fissured stone or any other formation which can be excavated by the use of pick, 
shovel, jumpers, wedges, hammers, etc., and do not require blasting. 

(f) Rock ,~quiring b/as!lng-lt comprises hard stratified rock like compact 
hard lime stone, hard sand stone or unfissured :ind unstratified masses like granite and 
basaic (crap) etc. or similar formation for the excavation of which blasting Is required. 
R.ocks falling under this class are sub-divided into following six grades depending upon 
the degree of toughness. 

Grade I -It comprises rock of any origin and description in which a group of two 
labourers can. in a maximum period of four hours, drill a trial bore 3 feet deep by 
means of a jumper bar of I¼ inch diameter and a hammer miner weighing 7 lbs. 

Gra:Je 2 to 6 -Every extra hour taken over four hours in making this trial 
bore corresponds with the next higher grade as shown below :-

Time taken Grade 

--
Between 4 and 5 hours 2 

II 5 and 6 II 3 
6 and 7 II 4 

7 and 8 .. s 
II 8 and 9 II 6 (Final) 

Beyond 9 hours do 

If it is apprehended that blasting may prove harmful to nearby buildings or struc
tures, other methods such as cutting out by means of chisel, wedge, pneumatic con
crete breaker, sledge hammer or heavy points are normally adopted. 

Slush-The above classifications of soil relate to dry excavations which extend 
up to a depth of 6 inches below the sub-sell water level. Beyond this depth the soil 
is said to be wet up to a depth which permits the labourers to work ln the pit without 
getting themselves sunk Into It. When the wet soil Is so composed that It cannot 
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Embankments 

Water Retaining 
Embankment 

support the weight of labourers working in the pit and the excavated material sticks to 
the Implements used for digging, It Is called slush and has an angle of repose less than 
25°. Wet soil should surt from half foot below the sub-soil water level and should go 
down till It can support man's weight. 

An embankment Is constructed for any of the following purposes:

(!) Storage of water as in case of dams etc. 

(11) Flood protections to check erosion and spill, etc. 

(Ill} River trainings on the headworks. 

(iv) Keeping the water in the running channels in the fillings i.e. reaches where the 
water level In the channel Is higher than the ground level. 

(v} Maintaining uniform slope of rail track and road formation {metalled or un
metalled) In fillings I.e. reaches where the proposed formation level is higher than the 
natural surface level. 

(vi) Bridging depressions or attaining uniform slopes of the link between two or 
more embankments. 

(vii) Depositing the material obtained from precise or borrow-pit excavations 
considered unsuitable for any use or rendered surplus. 

Embankments can be divided into three main categories depending upon their 
object. These are:-

a) Water retaining embankment. 

b) Rail and road embankment. 

c) Spoil bank. 

It Is constructed with selected material on account of its following peculiarities: (i) 
It has to be watertight as much as possible to resist percolation. (11) It should be strong 
enough to withstand the hydrostatic pressure. (Iii) It should be Impregnated to 
guard against erosion and wave-wash. (Iv) It should have an adequate base friction to 
eliminate chances of sliding. (v) It should settle evenly on alternate wetting and 
drying without cracks or cavities. 

REU.TIVE MERITS OF VARIOUS SOILS AVAILABLE IN WEST PAKISTAN FOR 
CONSTRUCTION OF WATER RETAINING EMBANKMENTS 

(a) Sond-lt usually comprises 75 to 85 per cent or sand, about 10 to IS per cent of 
silt and 5 to 10 per cent of clay. It has the following merits and demerits. The merits 
are:-

(1} It shrinks little and hence needs little settlement allowance. 

{11) An ideal material for hearting or core of an embankment since It does not 
permit leakage. 

The demerits are:-

(i) It allows a considerable amount or seepage. 

(II} It is readily worn away by wave-wash because it has poor cohesion. 
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(-iii) lt.-.hu..a..nry__&..l saturation _!!'adient and thus requires a arge seetlon ano 
very flat slopes on water side. - - - - -

(iv) It has a very flat angle or repose under water. 

The sand embankments are, therefore, covered with at least one foot of pucca clay 
soil on top and 6 inches on the slopes to retain the section. 

(b) Clay-It contains about 50 to 60 per cent of clay, 35 to -10 per cent of silt and 
S per cent of fine sand. This sort of soil is most unreliable and not very suitable for 
the main body of embankments, because It expands on wetting and shrinks unevenly 
on drying which give rise to cracks and cavities. These cracks and cavities make the 

embankment porous and cause numerous leaks. It should be employed only where 
it Is unavoidable; but in this case the embankment should be trenched for wetting 
purposes and provided with sand core. Hard clay is, however, Ideal for the 
outside facing or the cover and all embankments should, invariably, have a cover 
of the hardest clay available, particularly on their upstream slopes. 

(c) Sandy Cloys-This soil ranges between sand and clay and has approximately 
the following constituents: sand SO to 70 per cent, clay 30 to SO per cent and silt up to 
20 per cent. Embankments constructed with this material, particularly, If they have 
the optimum admixture of clay and sand, and have been thoroughly compaeted, are 
very satisfactory and can be relied upon . They are fairly resistant to wave-wash, and 
it is very rare that leaking occurs. 

(d) Loam-It comprises 30 to SO per cent of sand, 30 to 50 per cent of silt and less 
than 10 per cent of clay. Its particles are fine and packed well. It has, however, 
little stability when saturated. Embankments of loam require a facing of clay, and 
are resistant to leaks only when hearting Is of sandy loam. 

... 

(e) Ka/or-It is absolutely unsuitable for raising embankments since it decom
poses under the action of water and gives rise to leaks. It Is very treacherous and 
should be avoided as far as possible. 

(f) Numus and organic so,ls-Thy are very bad for making embankments and 

should be carefully avoided. 

(g) Stabilized Soll-If the existing soil does not possess the requisite qualities, 
stabilized soil for en:,bankment can be obtained by blending the following proportions 
of material: 

Sand (0.02 to 2.0 mm) 

Slit (0,001 to 0.01 mm) ... . 

Clay (Below 0.002 mm) . .. . 

60 to 80 ¾ by weight 

12 to 15% by weight 

8 to 15% by weight 

·The following steps are Involved In the actual construetlon of an embankment: 
(1) The surface area of the ground to be occupied by the embankment Is cleared 

of all rubbish, grass, roots, shrubs, brush, trees, fences, buildings, metalled roads, 
ruins and such other structures as may either cause hindrance In the execution of 
work or might dec:ay and form dangerous pockets subsequently. 

(Ii) All loose surface or soft soil Is removed to about 6 Inches depth and the sur
face rouihened by ploughing or digging all over. Small key-trenches are sometimes 
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Compaction of 
Embankment 

dug out in the bed to unite the body of the new embankment with the sub-soil. Another 
way of preparing the soil is by cutting V-shaped l.,~nchings, at Intervals, running paral
lel to the central line. A key trench is very essential where the ground is porous, 
sandy or cracked. All soft soils are removed as far as possible, speclally soils contain· 
Ing salt. 

(Ill) The central line of the embankment Is distinctly marked with a dagbel, and 
pegs are fixed at every chain. The toes of the embankment are dearly lock-spitted 
and all curves In the allgnment properly laid and half breadths carefully set out. 

(iv} A complete profile of the embankment is set up at an interval of 500 feet and 
at every change of section as well as at every curve. This profile is 10 feet long of the 
actual completed embankment, with its correct heights, widths and all slopes dressed 
to true form. The correct height of this profile is S to 10 per cent greater than the 
final level of the embankment depending upon whether the embankment Is to be com
pacted up to 95 per cent dry density or it has to guard against shrinkage and settle
ment. The ends of this profile bank are stepped so that proper locking takes place 
while constructing the banks adjoining them. Batter boards are employed for 
checkln; the slopes of the embankment. 

(v) The embankment is completed according to the approved profiles by spread
Ing earth In uniform horizontal layers of 6 Inches to one foot thickness for the entire 
width. Each layer Is thoroughly compacted before the next one above It is laid. 

(vi) The top of the bank and slopes are carefully dressed and no hollows or 
humps are allowed to remain. 

+ 

(vii) Proper ramps and turning platforms are provided for road crossings etc. In 
the case of ramps a gradient of I in IS with an Inner slope of IS feet radius from the ·/-
embankment on to the ramps usually works well. 

The object of compacting soils is to improve their properties in respect of strength, 
liability to settlement and resistance to weathering. It involves the following pro
cesses:-

(1) The earth is placed in the embankment in uniform layers of 6 inches to one foot 
thickness depending on the hardness of the soil and the weight of rollers used for con· 
solidatlon, stretching right across the whole section. An embankment is never, ori· 
glnally, made of less th~ full width so that It could be widened subsequently. 

(11) It is desirable to take earth first from the more distant pits, gradually lessen· 
ing lead as the embankment rises, so that all earth is thrown into the slope and not 
tipped over. 

(111) All large clods are broken up in the borrow-pit. and no clod larger than man's 
fist is brought to the bank. 

(Iv) T~e width of each layer is usually :i ljttle more than the width required by the . ' 
cross-1ection of the bank. The slopes are then dressed offto final section and not filled 
In afterwards. · 

(v) E~ch layer i~ co"lpacted by rollinf or ramming before laying the next one 
above It. 
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(vi) On important embankments each layer is brought to the optimum moisture 
contents and rolled to produce the maximum density. 

(vii) L-ongitudinalbunds above-6-to-9-inches-high-and-one foot---wide-0n-the..top._wlth 

side slopes of 2 to I may be made on the outer edges of the top of embankment. Also 
cross bunds of the same dimension at every 25 feet to SO feet 3re provided so as to Im
pound rain water to expedite consolidation before the monsoon sets in. 

The following are suitable rollers for rolling purposes. 

(i} She: p foot ro/lerj are suitable for compacting dry, cohesive soils at low mois

ture contents. 

(ii) Pneumatic tyred rollers are most suitable m.ichlnes for compacting soils in 

embankments. 

(ili) Smooth-wheeled rolle s arc s.itisfactory in most cases of sub-grade and base 

compaction. 

(iv) Vibrating machine~ are suitably employed for compacting granular soils In 
confined areas like foundations and abutments. 

(v) Rommers are employed for compacting clay soils in confined 3reas like 

found:itions and abutments or where none of the types mentioned above could be 
available. 

The organization of filling, spreading and roiling should be done in such a way that 
newly-deposited fill is spread and rolled smooth immediately in order to minimize the 
loss of mol5ture. To prevent the material from sticking to the rollers, dry earth Is 

t sprinkled, if necessary, on the surface before or during consolidation. Watering Is 
not done till the layer has been completely rolled. Flooding with water to effect com
paction of the fill is a bad practice. Water is, however, sprinkled over the rammed 
layer before the next one Is spread to let the two layers adhere. 

No matter how well an embankment has been consolidated it keeps on setting for 
some years owing to its own weight and weathering actions. The total vertical settle

ment of a well consolidated embankment is about 1/30 of Its height. 

To safeguard 3gainst the failures of earthen embankment~ owing to percolation, 
piping, heaving, slipping, leakage, erosion, etc, the following precautions ar~ 

observed: -

(!) Increased width of slopes-The width may be suitably increased in order to 
provide additional strength . In the case of embankments over I 5 feet high and com
posed of materials containing high percentage of clay, the side slopes may be Increased 
up to 4 to I, depending upon the height of the embankments, next slope to which the 

material will stand without severe sloughing. Alternatively the berms may be 
provided 7! feet wide for every 15 feet height of such embankments. 

{Ii) Cut-:,ff Trench- In order to render the foundation of an earthen dam Imper
vious to seepage water, a cut-off trench is made in the bed under the d3m up to the 
depth that will prevent water from percolating underne,nh It. The trench Is 

made In the centre of the dam, over which the core wall ls built. Holes may be drilled 

all alof!g the bed of the trench and thoroughly grouted with cement so as to provide 
a deep curtain below the bed, which Is impervious to water. The trench is filled with 
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puddled clay or concrete which Is well bonded into the bottom of the trench by keys 
or grooves to ensure watertightness. Puddling in the trench is carried out by heeling 
by feet by workmen. The usual depth of a cut-off trench is 20 to 30 feet (it is not 
uncommon to have the trench 100 feet below the surface and still deeper walls have 
been built) and width 6 to 10 feet depending upon the depth. 

(iii) Key Trench-A trench made under river banks which has the same functions 
as a cut-off trench and Increases the path of percolation of the water. A key trench is 
very essential where the ground is porous. sandy or fissured. Usual section 
is: depth 3 to 5 feet, bottom width 4 to 6 feet, side slopes ½ to I or I to I. Where the 
cut-off trench Is filled with concrete and puddle core wall built over It, suitable grooves 
should be made for the core wall co key into the concrete below. Strata which arc 
not wholly watertight can be made impervious by injecting cement grout. The process 
consists of drilllng small holes (2 to S inches diameter) Into the strata and forcing In, 
under pressure, liquid cement either with or without sand or other fine aggregate. 
The cement enters and sets in the cracks and fissures in the soil, thus sealing them 
against the passage of water. If the trench i. filled with concrete before grouting, it 
will provide an adequate weight to prevent undue waste of cement. Pipes are brought 
up through the concrete for grouting. It Is Interesting to note that sodium silicate 
has been used to seal strata into which It would have been difficult to inject cement 
grout. Under certain conditions of the soil it is oblig:itory tr, use cement concrete or 
grouting. 

(iv) Sand Core-A sand core is sometimes provided where the embankment has 
to be built on an unreliable kalarish soil. It i~ keyed 3 feet into the ground and carried 
up to the high flood level line. Giving 4 to 6 feet width at the top with side slopes 
the sand will naturally stand. The core wall Is usually provided in the centre of the 
bank, but if It is to be extended later on. it may be provided on the upstream slope with 
sufficient cover of earth over It. If any holes or cavities are formed by burrowing anl· 
mals or ants, the sand will collapse and fill the hole~. and thus breaches are avoided. 

(v) Core Walls-The object or a core wall Is to provide a barrier to the passage 
of seepage water from the water side to the rear of the dam and also to the passage o 
burrowing animals who cause dangerous breaches In embankments. A core wall may 
be of compact clay puddle, masonry (also called a diaphragm wall), concrete, or planks 
driven as sheet piling for small or temporary dams, taken down to Impervious strata. 
The core wall may be located either in the centre of the embankment or on the water 
side of the slope. 

Both the methods have their own merits and demerits depending upon the ma
terials and other conditions. Although the outer core wall prevents percolation of 
water Into the dam, It is liable to cracking owing to alternate wetting and drying as a 
result offluctuatlons In the water level. It Is also liable to Injury owing to settlement of 
the slope. The puddle core wall is generally 4 to 8 feet wide at the top. Both sides 
bat~er outwards about I In 12 or I In 10 to the ground level below which the thickness 
is quickly reduced to about 2 feet wider than the top width and carried down In this 
way as far as necessary. The thickness ls Increased If the puddle clay Is of poor quality. 
The top or the core wall Is kept one foot above the high flood level and 2 to 3 feet 
below the top or the embankment. It Is always preferable to make the whole embank
ment of one homogeneous watertight material and do away with the core wall which 
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Is liable to produce cracks and other defects in the body of the dam owing to unequal 
settlements of- llOJFhomogeneous matuialsr EauhJoLthe._~m .M!L_ the ~uddle 
needs to be specially selected and well consolidated to minimize unequal settlement 
of the earth and the puddle core. The dry soil around the puddle core extraas 
moisture in the course of time. The construction of the puddle wall should be carried 
up simultaneously with the earthwork of the bank. At ground level a suitable groove 
or nose Is constructed into which the puddle core is keyed. A covering of 3 to 4f feet 
of ordinary earth Is placed over the top of the puddle core to prevent shrinkage and 
swelling caused by exposure to atmospheric changes. Where the height of dam ex
ceeds 60 feet, a masonry core wall is preferred to a clay wall. It Is the compaet clay 
core which gives real strength and impermeability to dams. 

(vi) Clay Puddle-Pure clay does not make a good puddle although it may be suffi
ciently Impermeable to water, since it is liable to crack. An admixture ofabout t to I 
part of sand with 2 parts of clay (exact proportion depends upon the nature of clay) 
will reduce shrinkage considerably. Clay containing sodium carbonate Is considered 
to be the best and most suitable for making roofing tiles. If sand is not easily available 
moorum should be tried, but the mixture must be free from stones. Where black 
cotton soil Is found it should be mixed with moorum in the proportion of not less 
than I to I, preferably 2 to I. Puddle core of such materials should be thoroughly 
tested before attempting any important construction. The clay should be dug up and 
left exposed to air In layers not more than 12 Inches thick for at least 2 to 3 days and 
watered a few times a day. The materials for making puddle should preferably be 
passed between a pair of rollers placed not more than half an Inch apart so that stones 
and gravels, if any. are crushed before water is added. The scoured clay should be 
passed through a pug mill or thoroughly worked up by men's feet Into a smooth homo
geneous plastic mass, while Just sufficient water Is added. A puddle has ·a proper 
consistency when it can be squeezed in the hand and on release of preuure apprecia
ble quantity does not adhere to the hand. A piece of clay puddle when dried should 
not shrink more than an inch and a half (preferably one inch) and not less than three
quarters of an inch per linear foot: otherwise it will probably not be sufficiently Im
permeable to water. The clay puddle should be consolidated compaet and deposited 
in layers not exceeding 6 inches in thickness. Each layer should be thoroughly 
moistened before the new layer is laid and must be completely incorporated with the 
layer below by making cuts or keys. Special precautions should be taken to prevent 
the puddle from becoming dry; otherwise it will crack. The puddle that has become 
dry or has cracked must be replaced. There should not be any right angles In the 
cross-section of the puddle wall or trench, since they might produce fissures or cracks 
in the puddle. In building a clay core, the clay should be contained within boards 
which can be raised as the dam is built up. Ideally, each layer of puddle should be 
continued over the whole length of the core wall before another layer Is placed, but in 
practice this is not always possible. 

(vii) Pitching-Pitching is a covering of a hard material such as, stones, kankar 
blocks, concrete blocks or bricks, laid over slopes of an earthen embankment. If 
possible, one rainy season should be allowed to elapse and the bank given time to 
settle after it has been built, before pitching or any kind of stonework Is undertaken. 
Slopes of embankments should not be steeper than I :1, although lt:I should pre
ferably be adopted. Rough stones are generally used for pitching with a thickness 
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varying from 9 to 2'4 Inches according to the velocity or wave action of the water. 
Stones should preferably be packed and firmly embedded over a bedding or backing 
of 3 to 9 Inches thick layer of small broken stone, quarry rubbish, moorum, gravel, 
ballast or small kankar, thoroughly consolidated over the earthen slope to prevent 
the earth from being sucked out from between the stones by wave action. 

Pitching should be constructed at right angles to the slope to be safe against 
sliding. The pitching stones should be the heaviest available that can be handled, and 
roughly cut to tit in properly. Stones should be tightly packed by hand and laid 
with their broadest face downwards, with as large a proi:,ortion of through stones as 
possible, giving due rag:ird to bond. All interstices, hollows and inequalities bet
ween stones should be filled up with smaller pieces and wedged up tight with spawls 
driven In with slight hammering. The outer face of the pitching should be made u 
smooth as possible so as not to set up eddies that may cause scour lower down. The 
toe of the pitching should generally be carried 2 or 3 feet below the foot of the slope 
(into the ground) or a small retaining wall built. This should be done to give the 
toe a footing below nturated and soft top soil of the bed, for the stability of the 
pitching and security of the slope against slipping. Pitching should be widened out 
at the toe (near and below ground) so as to distribute the pressure over a wider area. 
If the bank Is soft and erodible, the foot ofthe slope may be secured by piling (instead 
of a small retaining wall suggested above) and the thickness of the stone pitching down
wards may also be Increased at the rate of one fnch per foot. The top most course 
should be horizontal and laid in one level line throughout the length of the embankment, 
preferably In mortar, and rounded cff at the corners In side pitching. Pitching should 
be at least 3 feet higher than the high flood level and, If possible, should not be 
be carried up to a greater height than 10 feEt, without giving a berm somewhere. 
In case conc:ret;e or kankar blocks are used they should not be less than one cubic foot 
In size. If brick pitching is used, only one brick should be placed for each course 
either as a header or strecther to prevent sliding. In reinforced brickwork pitching, 
care should be taken to leave expansion Joints vertically at suitable Intervals; the bricks 
are laid with frog downwards. In case stone pitching Is to be pointed or grouted, the 
voids should be filled up with small chips or gravel and then pointed, or concrete 
grouting poured In. 

(viii) Revetment-It Is a facing of dry stone pitching or other material laid on a 
sloping face of earth to maintain the slope In position or to protect It from erosion, 
and Is generally constructed with a slope of I½ to I or 2 to I for ordinary soils and 
3 to I for sandy sot ls. Its thickness generally varies from I 1 to 2½ feet according 
to the height, Other details given under "Pitching" should be followed. If stones 
are not procurable, mattress formed from brushwood may be used, which are 
bundles of branches and twigs from 8 to 12 inches in diameter and about 12 feet long 
and are bound with tarred ropes at Intervals of 4 feet, laid side by side and tied together. 
These brushwood bundles should be secured by stakes or short piles to the bank on 
which they are deposited. 

(ix) Plantation and Turfing-When banks dry up during the period of draught, 
the soil materlal or the ban ks becomes friable and cannot stand the action of water waves. 
If plantation is possible, pllchi, sarkanda, willow or other suitable trees should be 
planted for a width of about 100 feet In front of the toe of embankment. Such plan
tation breaks the force of the waves. Whenever practicable, zran (turf) should be 
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t grown on the sides of the slopes. Turfing should constSt of sods not less that1 'I Inches 
thick ana-,-,n-cne~ re.-well beaten-1n.r.a. the bank. Before _ll'ass is grown, 
the slopes are properly dressed . It is kept in view that the earth placed on theslopes 

is suitable for the nourishment of turfing. 
• I 

• 

tx) failure of Earthen Embankmena-Failure of an earthen embankment is due 

to the following causes:-

(a) Erosion as a result of the velocity of water action of waves, rain and wind. 
Ero\ion causes slipping. To combat this menace stone revetment is made or pitching 

is done. as explained in the following pages. 

t b) Overtopp1ng because of insufficient height of freeboard . This cause 1s respon· 

slblc for most of the failures. 

(c) Percolation and leakage on account of insufficient ramming of the embankment 

and porosity of the material. The leakage water washes away the soil and caves are 
formed in the bund. Percolation may occur under the foundation or through the 

bund proper. 

1d) Slipping owing to steeper slopes than the materials can stand. Slipping 

:,ccurs on account of the over-saturation of the downstream side of the bund which 

has Insufficient cover. The bund must stay within the "fine of saturation" as ex
plained earlier. Proper draina&e should be provided by putting In granular material 

on the land side toe to drain out the surplus water. When a sllp has occurred, all the 

slipped portion and the loose and slushy stuff must be removed and replaced by fresh 
dry material. The site of the slipped portion should be stepped back or benched 

and fresh soil added layer by layer, properly rammed and brought to the proper slope. 

(e) Leakage on account of cavities or holes formed by the burrowin& animals, in

iects and rats. Hollows are also formed by the roots of trees which have decayed, 
leaking outlet pipes or conduits . Efficient patrolling of the banksshouid detectthese 
before they develop Into breaches. Slopes and tops or embankmenu should be 
provided With a layer of hard material which the burrowing animals cannot penetrate. 
ff a sand core is provided the sand collapses and fills the rat or ant holes and the 
leakage stops. Breaches also occur because of Intentional cuts by cultivators. 

(f) Excess supply raises the hydraulic grade line, wetting the portion of the bank 
,vhich was never wet before. It settles down the dry earth of the bank above and 

causes a breach. 

(g) General defective construction and maintenance can, of course, always be a 

cause for failure. 

{xi) ClosJng Leakages- If the water flowing through a leak is sluggish and dear, It 
may be seepage water and there Is no Immediate danger. If, however, it Is muddy 
and fast moving and carries the soil particles of the bank, the leak needs immediate 

attention. Correct location of the hole on both sides of the bank is essential which 
may not always be perpendicular co the bank. If the hole Is of big size there is a 

whirling action in the water just above the hole. If It is small, heavy turf sods are 
thrown on the surface of water near its approximate locaclon. They are soon 
attracted towards the leak and may come out at the rear. Leakage ca'n be closed by 
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throwing sawdust, bran, powdered dung, etc., just upstream or the leaks. The stuff 
Is carried by water Into the leaks where It swells and stops the leaks. Holes can 
also be pluaed from the front side with balls of clay and turf which can be pushed 
Into the holes. A method ror closing big leaks fs to cut an Inverted T-shaped trench a 
little above the water line outside the bank, the entire leak ts then opened out starting 
from the exit side, and all ls filled with best material available (loam Is 1

1
deal for the pur· 

pose), softened with water. The trench side should be made In steps for good bonding. 

(xii) Closlnf of 6reaches-Before starting to close a breach, labour and material 
(such as earth, sand, gunny bags, sukes, brushwood) should be collected at site In 
sufficient quantity. If earth Is not available It can be obtained by cutting the outer 
slope or the existing bank. Enough earth should be collected on both sides of the 
breach on the existing bank. The ends of the banks should be protected first to 
prevent further widening. The process stares from both ends by slipping the earth 
from the heaps and protecting channel sides by grassy clods usually available from the 
berms. Earth baskets should never be thrown In the water. A semi-circular bund 
(ring bund) may be constructed on the water side with stakes, brushwood, mm, 
earth, etc., and water bailed out. The sides and bottom of the existing bund at the 
breach site should be cut Into steps to remove all loose material and to form good 
bond with the new material. In case good soil Is not available, a core wall should be 
provided. 

This Is usually done by drlVlng a double line of stakes and filling Jungle In between 
the snkes, pressing It down with bags filled with sand and by men walking over them. 
A temporary bank of gunny bags Is thus raised In the position of stakes and bushing. 
Straight closure in larce channels Is not possible. No earthwork should progress 
before the flood through the breach has been arrested to some extent In this way. 
The closing of the breach Is done by constructing a ring bund behind the llne of stakes. 
Earth Is slipped from both sides to form the ring bund. 

NO, 17.1 {A) EXCAVATIII 1 EMBANKMENT 
(EARTHWORK GENERAL) 

Specifications 

I. All excavations and earthwork shall be performed and executed In accordance 
with stipulations (specifications) and requirements set forth here which shall apply 
except when they are specifically modified In writing by the Engineer-In-charge for any 
particular Item. The method of carrying out earthwork shall be subject to the 
approval of the Englneer-ln•charge In writing. 

2. Unless otherwise specified or directed by the Engineer-In-charge in writing. 
all earthwork viz: excavations, holes, trenches for foundations, filling, embankments, 
etc., shall be executed to the widths, lengths, depths, alignments, grades and levels 
shown on the approved drawings. If they are not Indicated on the drawing, they 
shall be carried out to the profile agreed co by the Engineer-In-charge In writing before 
the commencement of work. 

3. The surface area of the ground to be occupied by all banks, spoils, borrow
pits and excavations shall be cleared off all roots, grass, shrubs, brush, trees, fences, 
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walls, buildings, roads, ruins and such other r.truaures as may either cause hindrance 
in the execution of work or may decay and form dangerous pockets. Such works an 
l>e ciasslnicrb"eforehind-fnto-followtng---catego,1eS-l,.y...the.__Engin.eer.:Jn-charfe for the 
purpose of making payment. 

(a) Stripping of grass, uprooting bush stumps having girth and roou less than 3 
feet and diameter less than six Inches and their number not exceeding 200 per acre. 
The cost of this Item Is included In the unit rate of earthwork. 

(b) Jungle clearance-Removal of roots, bush stumps, shrubs, trees and jungle. 
The Engineer-In-charge shall decide, on the basis of the actual sizes and concentration 
of such material, whether rate for ordinary jungle clearance or heavy Jungle clearance 
is to be paid. His decision shall be final. 

(c) Demolition of fences, walls, buildings, roads, ruins and other structures shall 
be paid according to the relevant item under the chapter "Dismantling". The rates 
for these works shall clearly state:-

i) The disposal of materials obtained during the operation of site clearance. 

ii) Whether or not, it shall be a "set off" against the cost of site clearance. 
In the absence of such clarifications the materials shalt be the property of 
government. 

Iii) That any damage to the works and public or private property caused by 
the contractor's operation In clearing shall be repaired or replaced at 
his expense. 

4. Any bench mark, which Is to be used for the work, shall be correctly related 
to the datum ~peclfied on the approved drawing or fixed by the Engineer-ln•charge 
and the contnctor shall make and maintain at his own cost all such permanent bench 
marks require~ for the proper execution of works in the vicinity thereof, In perfect 
order to the satisfaction of the Engineer-In-charge. 

S. Before commencing aaual execution the central line of the embankment or 
excavation shall be distinctly marked with a deep furrow (dagbel) at least 9 Inches 
wide and 6 Inches deep and pegs shall be fixed at every chain. Top and bottom edges 
of the excavation and toes of all embankments shall be clearly lock-spitted, All curves 
in the alignment shall also be properly laid and half-breadth carefully set out. 

In the ca.se of the excavation of foundation, the centre, longltudlnal or face line 
and at least one main cross line, shall be marked by means of masonry pillars built dear 
of the point to which the slopes of the excavation shall extend. On each pillar, there 
shall be an accurate mark to enable a theodolite to be set up over It for setting out 
purposes. 

All these operations Involved In setting out are Included In the unit rate for 
earthwork. 

6. Having marked the alignment, a complete profile of the embankment or 
cutting, as the case may be, shall be set out at fifty feet Interval or every change of 
section, and ~lso at every curve. This profile shall have a linear dimension of 10 feet, 
its excavation shall bed"'& to the proper level, banks thrown up to the correct height, 
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widths and all slopes dressed to true form. The correct height or this profile shall 
be 10 per cent more than the desired final level of the embankment so that It may take 
care of shrinkage and settlement. The ends of all the profile banks shall be stepped 
so that proper locking takes place at the time or the construction of the bank ad Joining 
them. All labour and Implements like bamboos, stakes, strings, pegs, batter boards, 
etc., required for fixing profiles shall be supplied by the contractor and the cost ts 

Included in the initial rate. 

7. All excavations sh~II be done in accordance with the provisions of this chapter 
and to the lines and grades shown on the approved drawings or as directed in writing 
by the Englneer•ln<harge. During the progress of work, if it is considered necessary 
or desirable by the Englneer•ln·charge to vary the slopes or the dimensions of the 
excavations from those shown on the drawings or specified, he shall get the slopes or 
the dimensions revised by the competent authority and communicate the change in 
writing to the contractor. The contractor shall perform the work and make 
excavations according to the revised slopes and dimensions as communicated by the 
Engineer·ln9Charge. 
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8. {I) The bottom and side slopes of excavations, upon or against which struc
tures or other required constructions are to be placed, shall be finished 
accurately to the required grades and dimensions, and If required by the 
Englneer·in<harge, shall be moistened with water and tamped or rollec! 
with suitable tools or equipment for the purpose of forming a firm foun
dation. Whenever the natural foundation material Is disturbed or loo· 
sened or excavated beyond the approved lines and grades, the loose 
material shall be removed and the extra excavation made good at con• 
tractor's expense with selected materials which shall be thoroughly 
compacted by tamping or rolling In layers not exceeding 6 Inches. If at 
any point In the excavation, material unsuitable for foundation Is encoun· 
tered, as determined by the Englneer•ln-charge, he shall direct In writing 
Its removal and excavation shall be filled with selected materials thoroughly 
compacted by tamping or rolling In layers not exceeding 6 Inches. The 
cost of this replacement with selected materials shall be paid under the 
rate for earthwork compacted. 

{ii) When a safe and solid foundation cannot be obtained at the depth shown 
on the :ipproved drawing!, special measures {to be determined In all 
cases by the Englneer·ln•charge} may be taken under a special agreement 
reached beforehand. 

{iii) No excavated earth shall be heaped within 20 feet of the top edge of any 
foundation. 

{Iv) Foundation trenches shall be inspected and approved by the Engineer-in· 
charge before foundation Is laid. 

(v) All excavations shall be kept free from water from whatever source it 
may come, at all times to the entire satisfaction of the Englneer·ln·charge 
except where otherwise specified or permitted In writing by hJm. No 
extra payment will be made for bailing, pumping or dewaterlng by any 
means. All swamps, drainage channels, etc., when no longer required, 
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shall be filled In with concrete or other suitable material to the sat I sf ac
tion of the Englneer-ln-c:harge. 

9. Materials which do not stand on the slopes shown on the drawings or ena- Stide--Matef'ialN-.1-___ _ 
blished by the En&lneer-ln-charge and the materials which are a part of slides extending 
beyond the established IIJleS of exc:avation but are left Into excavated areas, shall be 
removed by the contractor In an approved manner, and the slopes shall be re-finished 

to lines and grades established by the Engineer-In-charge. The contractor may be 

required to excavate potential slide areas beyond the limits of the orlglnally staked 
excavation, If, In the judgment of the Engineer-In-charge, such excavation Is necessary 
to prevent damage to the work . 

10. (1) The contractor shall provide all timbering, steel sheet piles, or other 
approved supports, and shore the side of excavation, trenches, pits and walls, in such 
a manner as will be sufficient to secure them from falling and prevent any movement. 

(ii) Shoring shall consist of frames of vertical and walling pieces supported by 

struts. These shall hold the laggings in position against the sides of the excavation. 

Laggings shall be further secured by wedges driven firmly down between the frame 
:md the laggings. Scantling shall vary according to the foundation and their sizes shall 
be fixed by the Engineer-In-charge. Struts and frames shall be secured together by 
iron dogs and bolts, where necessary. In the case of deep foundation, addltlonal vertl· 
cal uprights shall be attached to the walling by Iron dogs, 

(Iii) Excavation shall proceed as follows:-

When the sides of excavations show signs of caving in, the first frame and the first 
set of short-laggings shall be put In. The laggings shall be long enough to stand about '4 
feet out of the ground. Wedges shall be driven In and excavation proceeded with. 
As excavation proceeds, two men on the top and two men below shall drive down 
each laulng separately, after drawing the wedges. When each tautng has been 
driven down as far as It can go, the wedge shall be replaced and the next laalng driven 
down in the same way ...... and so on. If the soil ls dug away from under eac:h lagging, 
the latter shall drop down In most cases without the aid of a mallet. Laggings shall 
be kept plumb and touching each other, otherwise It would be difficult to get the next 

frame In. When excavation has reached the full length of laggings, they shall be drawn 
out cautiously one by one, and the longer ones shall be put In or a fresh row driven 

inside the others. Excavation may then go down to the depth required, the frame, 
being put In at least every 5 feet vertically. When concrete or masonry work Is In 
progress, the process shall be reversed; the laggings shall be prized up one by one 
and the frames withdrawn as masonry is raised up. 

(tv) Any cheap wood, cut In 6 Inches or 7 inches planks,I½ Inches to 1 Inches thick, 
shall be used for lagging. The frame shall, however, be of sound wood that does not 

warp. 

11. (I) If cutting and filling are being done simultaneously all suluble material, 
obtained from excavation shall be used In filling. Wherever practicable, all meterlals 

shall be placed in the designated final locations direct from excavation, except that the 
backfill material, when so directed by the Engineer-in-charge, shall be placed In tern-
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ponry stock piles and later placed in the designated locations. As far as praalcable. 

as determined by the Engineer-in-charge, all materials designated for use In compacted 
embankmenu shall have the proper water content either by sprinkling or other suit· 

able means before and during excavation or after placing. 

(11) All fill or refill around structures I.e. within the slopes and llmiu of the esta-
blished lines for excavation for the structures and below the nat\Jral surrace level. -" 
shall be placed as backfill or compacted backfill: and all fill or refill about structures 
I.e. above the natural surface level shall be placed as embankmenu or compacted em
bankmenu, except as otherwise specifically shown on the drawings or provided In 
these specifications. 

(111) If sufficient suitable materials are not available from the required excav~ 
tlons to construct the embankment, diversion, .coffer dams, backfill and other earth
work construction shown on the approved drawings or directed In writing by the 
Engineer-In-charge, suitable materials shall be excavated from borrow-pits located 
In specified areas. 

(iv) Excavated materials containing stumps. roou, vegetable matter and other 
objectionable material that are otherwise unsuitable or not required for backfill, 
compacted backfill, canals, channels, canal roads, rail track, road ways, level crossing 
or In any other permanent construction required under these specifications, shall be 
placed In designated spoil banks, adjacent to the canal or road. All spoil banks shall 
be levelled and sloped to drain and trimmed to reasonably regular lines as shown on 
the approved drawings or as directed In writing by the Engineer-In-charge. 

(v) Materials of any kind such as shingle or hard good quality stone, obtained 
from excavation, as also any find made on the site such as antique, relics. coins, ,l 
fosslles, etc., shall remain the property of the government. The rate Includes the 
separation of the aforementioned materials and finds from each other and their deposi-
ting, as directed by the Engineer-In-charge. Any or these materials, If ordered by 
the Engineer-In-charge to be used by the contractor on the works, shall be charged to 
him at the "Material Supplied Only Rates" as In this schedule subject to the contrac-
tor's percentage, and If these rates are not available In this schedule, at the rates to be 
agreed upon between Engineer-In-charge and the contractor before the materials are 
used. 

12. After the foundation structural works within excavations have been Inspected 
and approved by the Englneer-ln•charge excavations shall be refilled with selected 
material, taken from excavation, if so authorised by the Engln~er-ln·charge, well 
rammed and compacted by rammers in layers not exceeding 6 inches thick Including 
watering, ff directed. Material shall be placed with care around pipes to avoid damage. 
When the superstructure of a ~ulldlng Is higher than the plinth level, the plinth area 
shall be filled in with excavated material If approved by the Engineer-In-charge In 9 
inches layers well rammed, or with any other selected material as may be specified, for 
which extra payment shall be made. 

The contractor shall be responsible for making good all settlement of filling and 
damage occurring thereby up to the end of the period of maintenance. No extra 
payment shall be made for this; work. 
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13. (1) Embankmenu shall be connructed according to the approved pro
files. Earth shall be taken from an approved source, borrow•plu or spoils, and shall 
be free r rom roots, grass, slmibs or o"lherorpnlc--11ntter-flable-to-decay ... 

(11) Embankments shall be built In horizontal layers, approximately 6 Inches thick. 
These layers shall extend to the full width to the required side slopes and shall not be 
widened with loose material dumped from the top. 

{Ill) All clods and lumps of earth shall be broken up In the borrow-pits to a 
diameter of not more than 2 Inches. Any clods or lumps thrown on to the bank 
shall be broken up and spread before compaction begins. 

(Iv) The top of d,e bank and the slopes shall be carefully dressed accordln& to the 
approved profiles. No hollows or humps shall be allowed In the slope. 

(v) Approaches to the roads and railway crossings will be made to a spedfied 
1rad1ent, and crossings shall be so constructed that the roadway between lhe gates 
of level crossings Is level for all classu of level crossings. The level portion will further 
extend ouulde the gates to such distances as are shown below:-

(1) Special class level crossinf-Roadway shall be level upto 35 feet ouulde 
the gates followed by a gradient not steeper than I In -iO. 

{II) ''A'' class lenl crosslnf--Roadway shall be level up to 24 feet outside the 
gues followed by a gradient not steeper than I In 30. 

(Ill) 118" class level crosslnr-Roadway shalt be level up to IS feet outside the 
gates followed by a gradient not steeper than I In 30. 

(Iv) .. , .. class level crosslnr-Roadway shall be level up to 10 feet outside the 
gates followed by a gradient not steeper than I In 20. 

The angle or intersection between the central line of roads and railways shall 
not be less than -15°. 

1-4. (I) Embankments and backfill designated on the drawings as compacted shall 
be compacted to the lines, 1rades and slopes shown on the drawings or as directed by 
the Engineer-In-charge In writing. 

(11) The contractor's operation In the excavation o( material designated for use In 
compacted embankmenu or compacted backfills shall be carried In a way that results 
In an acceptable gradation of the materials, when placed. The compacted embank
menu shall be constructed of the finest and most suitable material for lmpermeabltlty 
and stability. 

{ill) The material In each layer before and during the time It Is being placed shall 
have the optimum moisture content-1% throughout, required for the purpose of 
compaction as determined by the Engineer-In-charge. The material shall be brought 
to the proper moisture content at the site of excavation In so far as It Is practicable, 
but such moisture shall be supplemented by sprinkling wateratthe site of compaction. 
If the moisture content Is greater than the optimum, the compaction work shall be 
delayed tltl the material has dried to the optimum moisture content. 
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(Iv) The material to be compacted shall be deposited In horizontal layers 6 Inches 
thick as compacted. Its distribution shall be so as to ensure that the compacted 
material Is homogeneous and free from pockets, lenses, streaks or other Imperfec
tions. 

(v) When the material has been conditioned and placed as specified it shall be 
compacted by ramming or by suitable equipment of proper weight and size duly ap
proved for 11se by the Engineer-In-charge. 

(vi) For those portions of embankments or backfill which are adjacent to struc

tures, Including concrete pipes, where It Is not possible to obtain adequate compac
tion with rolling equipment, the embankment or backfill shall be compacted with 
mechanical tampers or rammers of proper weight and slie so as to obtain the same de
gree of compacclon as the adjacent compacted embankment or backfill. The contrac
tor shall be responsible for any damage to the structure caused by his operation In 
placing or compacting embankment or backfill material. Adjoining structure and all 
damages shall be repaired at his expense. In placing and compacting backfill or em• 
bankment adfolnlng concrete pipe, sufficient material shall be carefully placed on both 
sides ofthe pipe and tamped about the pipe so that the pipe Is held firmly to the estab
lished line and grade. The material shall then be placed and compacted In layers as 
herein specified equally on both sides of the pipes to prevent displacement of the 
pipes during the placement and compaction of the adjoining material. 

(vii) The material In compacted embankments and compacted backfill shall be 
compacted till the density of the compacted material Is not less than 95 per cent of the 
maximum dry density as determined by suitable laboratory tests. The contractor 
shall afford all possible help to the Englneer•ln•charge in obtaining representative sam
ples for testing. Incidental cost of this operation shall be borne by the contractor as 
the rate for compaction Is Inclusive of It. 

(viii) If any part of the work is being insufficiently consolidated earthwork shall 
be stopped tlll the consolidation Is done to the satisfaction of the Englneer-ln•charge. 
If the contract.or falls to carry out specified compaction, the Engineer-in-charge may 
either add labour at the contractor's expense or take over the whole or part of conso
lldatlon and do It departmentally. In such cases the expenditure Incurred depart
mentally shall be deducted from the contractor's bill. 

(Ix) Wherever the soil survey on the distribution of soils and groundwater condl· 
tlons Indicates the need for the stabilization of the bed of cuttings, the side slope and 
fills, by artificial means, i.e. Injection under pressure of cement, sand, slurries or bitu
men, It shall be carried out under the direction of the Engineer-In-charge. I( the fill 
material requires stabllizatlon, It shall also be carried out according to the direction 
of the Engineer-In-charge. 

15. (1) The key trench shall be excavated true to alignment and section specified. 
Its bed shall be taken correct to the level shown on the approved drawings or as direct• 
ed by the Engineer-In-charge and extra excavation shalt be filled In with pure sand of 
the same quality as In the core. The eXtra filling shall be done by the contractor at his 
own expense, If he Is responsible for this extra excavation. 
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(II) Shoring and struttln& necessary for the excavation of the trench to the sped-
L ·, . fied~ menslons shall be provided as per Specifications No. 17.1 (A) IOby the contnc-

, tor at.his own expense: -- _ 

.... 

6. 

(111) In the event o( sllps during excavation. the trench or the front slope of the 
main embankment shal_l be remade to the correct slopes and bed levels and all loose 
and friable muerlat removed from the bed by the Contractor before filling Is commenc· 
ed. No claim for remaking the slopes, removing the loose and friable material or ex
tra filllng the side or slope or bed shall be entertained. 

(Iv) The excavated stuff shall be temporarily sucked In stock piles and finally de
posited as directed by the Englneer-ln-char1e. 

(v) No portion of the trench, however small, shall be filled In. unless approved by 
the Engineer-In-charge. 

(vi) The key trench shall be measured and all deadmen or other distinctive marks 
removed. Such removal shall be Inspected by the Engineer-In-charge or his authorized 
subordinate before filling ls commenced. 

(vii} The sand to be filled In the core shall be obtained from an approved source. 
The sand shall be also approved on the site or sand corln& by the Enilneer-ln-charce or 
his authorized subordinate before fillln& Is commenced. In the event of un~thorized 
filling prior to the approval of the bed of the trench. the contractor shall forthwltb 
remove the filling to the correct bed level at his own expense when so directed by the 
Engineer-In-charge • 

(viii) Sand shall be filled In 6-lnch layers up to specified depth and properly com
pacted. FIiiing beyond sand eore depth with earth shall not be commenced before 
the top levels have been checked and approved by the Engineer-In-charge or his 
authorized subordinate. 

(Ix) If the bank ts to have a sand core. the sand ftlllng. unless otherwise apectfted 
or directed by the Engineer-In-charge. shall be laid side by side with the layers of the 
embankments up to the height spedfted. 

(x) Where sectional measurements of the embankments are proposed to be taken, 
no deduction shall ordinarily be made for bulkage of the sand In the sand core and the 
usual factors as contained In dause No. 20 of these spedftcatlons shall be applied. 

(xi) The measurement and payment of sand utilized In the sand care shall be made 
according to the Specification No. 6.1. 

16. (1) The puddle shall be constructed when shown on the dnwlng or directed 

In writing by the Engineer-In-charge. 

(II) The clay for the puddle core shall be obtained from an apprond source. 

(Ill) The clay suitable for brlckmaklng shall be generally acceptable. Preference 
will be given to one containing sodium corbonate. 

(Iv) Unless otherwise specified or directed In writing by the Englneer-ln-char1e. 
a mixture of about half to one part of sand with two parts of day shall be used. 
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(v) Where sand Is not easily available moorum (free from stone) and black cotton 
soil In equal proportion shall be used. 

(vi) Before actual construction begins the mixture shall be thoroughly tested. 

(vii) Clay shall be dug up and left exposed to the air In layers, not more than 12 
Inches thick, for at least two to three days and watered a few times every day. 

(viii) Before mixing water, the materials for making puddle shall be passed through 

a pair of rollers placed not more than 1/8 Inch apart or screened through a mesh of 1/8 
Inch so as to eliminate stone or gravel, If any. Thereafter It shall be passed through 

a pugmlll or otherwise well worked up by men's feet Into a smooth homogeneous plas
tic mass. Only sufficient water shall be added while this Is being done. The correct 

consistency for good puddle shall be that at which It can be squeezed In hand without 
any appreciable quantity sticking to the hands when pressure Is released. 

(ix) The bottom layers In puddle trenches shall be made of puddle tempered upon 
the surface and thrown or dashed Into the trench In balls to fill Inequalities. 

(x) Clay shall be deposited in layers not exceeding 6 Inches In thickness and each 
layer shall be thoroughly moistened, compacted and Incorporated with the layer below 
by making ''cuts" or "keys". 

(xi) If too much water has been used, the layer shall be excavated and removed 
from the trench before another one is laid upon It. 

(xii) The construction of the puddle wall or clay puddle shall be carried up simul
taneously with the earthwork of the bank. 

(xiii) At ground level a suitable groove or nose shall be constructed to key down 
the puddle core. 

(xiv) Special precautions shall be taken to prevent the puddle becoming dry; 
otherwise it shall crack. All puddles which have become dry or have cracks on account 

of contractor's Ignorance. shalt be replaced at his expense. 

(xv) In building a clay core, the clay shall be contained within boards which can 
be raised as the embankment Is built up. 

(xvi) There shall not be any right angle ln the cross-section of the puddle core. 

(xvii) A covering of 3 to -4 feet or ordinary earth shall be placed over the top of 
the clay puddle to prevent shrinkage and swelling owing to exposure to atmospheric 
changes. 

(xviii) Measurement of the day puddle shall be made by volume. The unit of 
measurement shall be 100 cubic feet. 

(xix) The unit rate shall include the supply of clay of an approved quality, working 
it up Into puddle, laying, ramming, etc., as per above specifications. The earthwork 
Involved In excavating the clay and the puddle trench shall be measured and paid as 
per clauses No. 19 & 21 of these speclfi~tlons. 

17. (I) All earth for embankments and backfill shall only be obtained from 
borrow-pits set out (demarcated) by the Engineer-In-charge. The borrow-pits shall 
be located opposite to or as near as possible to the site of the fill. 
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(II) When dlre.c:,ed to do so, the contractor shall take earth from old bunds, 
mounds, key trenches, old borrow-pits, etc., only after they have been measured 
ant.m.e~rement has been recorded by the competent authority. No such autho• 
rlution shall be made unless the measurements mentioned above havebeerr-dutr 
recorded. 

(Iii) The earth taken from any place, not duly authorized by the Engineer-in• 
charge, shall not be measured and paid for and the contractor shall be responsible for 
any damage arising from unauthorized pits. 

(Iv) No borrow-pit shall be excavated on or close to rail or road ways, village 
tracks, canals, level crossings or existing embankments and within 3 feet of the railway 
boundary. Borrow-pits shall not be located near resldentlal and commercial areas but 
In case it Is not avoidable their depth shall be limited and, where possible, arrangements 
shall be made to drain them. The sides of all such borrow-pits shall have a slope of 
3:1. Any borrow-pit which does not conform to these specifications shall be properly 
filled in with earth obtained from approved pits and consolidated and dressed correct 
as specified at the contractor's expense. 

(v) Borrow-pits, excavated to a depth not exceeding specified depth by 10 per 
cent, shall be paid for full excavated depths at the discretion of the Engineer-In-charge. 
However, where the actual excavated depths are more than 10 per cent of the specf. 
fled depths, specified depths alone shall be paid for. 

(vi) Borrow-pits shalt preferably be multiples of 10 feet length, to facilitate record
Ing of measurements. 

(vii) As and when directed by the Englneer-ln-ch:rge borrow•plts shall be plough
ed by the cohtractor after final measurement has been duly recorded and checked by 
the competent authority before the final bill of the contractor Is paid. 

(viii) All borrow-pits shall have deadman or such other distinctive marks, as direct
ed by the Engineer-In-charge. The location of these marks shall depict the average 
height of the borrow-pit. Where the natural surface Is regular they shall be left at 
equidistant Intervals, and shall be allowed to remain intact till measurements have 
been recorded and checked. The contractor shall have to remove all such distinctive 
marks before he Is paid finally. A certificate to this effect shall be given by the En
gineer-in-charge In the final bill for payment. 

I 8. Any, vegetation mound, kalar or other soil that the Engineer-In-charge may 
deem objectionable, shall be removed from the surface to be covered by the embank
ment or backfill and from the top of borrow-pits. This earth shall be disposed of as 
directed by the Engineer-In-charge and shall be measured up and paid for separately, 
and wtll not be included In the measurement of earthwork from borrow-pits. All 
holes and hollows on the site of embankment, or In existing banks under repair, shall 
be dug out and filled with good earth, duly approved by the Engineer-In-charge, pro
perly laid and rammed. If the Engineer-In-charge directs the removal of any mounds 
their measurement ,hall be taken first and recorded In the measurement book. If 
the earth Is considered good It shall be spread In the embankment In 6-lnch layers. 

19. Excavation shall be classified under the following heads for recording mea
surement and making payment:-
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(i) Soft so/I-It Includes all cutting In sand, silt and those soils which offer 
no resistance to excavation and sometimes require shoring when founda
tion (of bulldlnis etc.) of exact dimensions Is required to be excavated 
since they have small angle of repose. 

(II) Ordinary so/I-It Includes all cutting In earth which can be ploughed, 
Irrespective of the fact whether picks or "phawarahs" have been used 
In the actual excavation. Usually It includes:-

a) Spoil or rubbish of every description. 

b) Earth and sandy loam. 

c) A.ny other formation lrtto which a spade can be entered and can be easily 
excavated by the application of kassl, pick or shovel. 

(Ill) Hard soil-There are the following two types of hard soil : (a) It 
includes a stiff and heavy clay soil having specific gravity of 1.5 and above, 
which can be dug with repeated blows of kassl or pick axe. 

(b) Soll having small percentage, say up to IS, of kankar or boulders which 
can be eully dug and removed alongwith the soil. 

(iv) Very hard solf-The followln& types or soil fall under this definition: 

(a) It Includes hard moorum with high percentage of kankar (more than 
15) or boulder (less than 20) which can be individually ltrted by hand. 

f ( 

~ 

(b) Mud concrete. " 

-> 

(c) Conglomerate formation, shale lime concrete, brickwork In lime and . 
stone masonry In lime. I .)' 
(d) Metalled surface of the road (tarred or untarred). 

(e) Hard core under floor and road bottoming. 

(f) Any other formation Into which a spade cannot enter and the excava
tion of which requires the forcible application of a pick. 

(v) Gravel work and rode not requiring blasting-This includes:-

(a) Gravel formation, cement concrete, brickwork In cement mortar. 

{b) large boulders above 20 per cent which can be indlvldually lifted by 

hand. 

(c) Soft varieties of limestone, sandstone or fissured stone or any other 
formation which can be excavated by use of picks, Jumpers, shovels, 
wedges, hammers, etc., and do not require blasting. 

(vi) Rock requiring bla1tln1-This includes hard stratified rock, like com· 
pact hard limestone, hard sandstone or unfissured and unstratified masses 
like granite and baialt (trap), etc. or similar formation for the excavation 
of which blasting Is required since they cannot be excavated by Jumpers, 
wedges, hammers, picks, etc. 

Rocks falllng under this class can be further sub-classified Into 6 grades. These 

grades shall be determined as foltows:-
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Grade I A party or two men working with a Jumper bar I ¼-Inch diameter anCI 
hammer minor 7 lbs. shall be able to make a trial bore hole 3-lnch 
aeep m ~ h""OUrror- Im:-

Grode II to VI For every hour tallen In makln& thls trial bore over "4 hours a hlcher 
rate shall be payable up to 9 hours from which grade VI shall be paid 
irrespective of the type of explosive used. 

Note I. The Engineer-In-charge shall make the above classification of soil and 
rock. In case of dispute between the Engineer-In-charge and the contractor. the 
classification shall be finally decided by the Superintending Engineer. The decision 
shall be binding on both the parties. The Engineer-In-charge shall also be responsible 
for deciding on the percentage of each cluslficatlon to be applied In the case of mixed 
up soils or rocks. The Engineer-In-charge shall certify in writing that he has decided 
on·the classlficatlon of rock on the basis of experimental bore holes made In his pre
sence. 

Note II. Blasting shall not be performed without the prior written permission 
of the Engineer-In-charge. The contractor shall check all necessary precautions for 
the safety of person and property. etc .• as required by the Engineer-In-charge and shall 
obey all Instructions as may be issued by the Engineer-In-charge. 

I 

(vii} Rock requiring blasting but blasting prohibited-

This Includes all as No. (vi) above, where blasting Is prohibited by the 
Engineer-in-charge. Blasting Is prohibited when It Is apprehended that 
It may cause harm to Important buildings or other works located nearby. 
In that case other methods such as cutting out by means of chisel or wed· 
ges, pneumatic concrete breakers, sledge hammers and heavy points are 
normally adopted. 

(viii) Wet-A soil shall be clusified as wet when on being taken in a piece of 
cloth and pressed by hand, wets the cloth. 

(Ix) Wet (slush)-Wet soil when so composed that it cannot support the 
weight of labourer working Into the pit and excavated material sticks to 
the Implements used for digging, shall be classed as slush and paid 
accordingly. 

20. (a) Quantity of Earthwork-Earthwork (Excavation and Embankments) 
shall be measured in bulk. The unit of measurement shall be 1000 cubic feet. The 
exact quantum of earthwork shall be ascertained by taking measuremenu of borrow
pits from which the material has been taken out and not of the resultant spoil 
or embankment. When this Is Impracticable, measurement shall be taken of the re
sultant embankment and converted to solid measurement by multiplying It with factors 
mentioned below for soil and rocks. 

Earthwork llCJ 
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Rates 

Repaln to Banks 
(holes and ra•lne•) 

DESCRIPTION OF 
EXCAVATION 

I. Material excavated, spread, level• 
led and/or filled not rammed or 
equally consolidated or weathered 
for a period of 6 months. 

2. Material excavated, spread, filled, 
levelled. watered and rammed or 
compacted at optimum mol,ture 
contents to attain a certain 
density or heaps and embank• 
menu consolidated by exposure 
to weather etc. for a period 
exceeding 6 months. 

,. 

J 

CONVERSION FACTOR 
SOIL 

90 per cent 

The factor to be applied shall d• 
pend upon the percentage of density 
obtained by compaction as deter
mined by laboratory tests. 

{b) Lead and Uft-Untess otherwise specified lead and lift shall have the follow
ing meanings:-

{!) Lead (Horlzontal)-lt shall mean the shortest possible horizontal 
route between the centre of gravity of the material excavated and the 
centre of gravity of the material finally placed In the embankment. 

(ii) U~ (Vertlcal)- lt shall mean the vertical difference between the centre 
of gravity of the earth excavated and the centre of gravity of the earth 
placed In the embankment. 

(111) Conversion of Lift In Horizontal Lead-The lift shall be converted Into 
horizontal lead with the aid of table appended. (Table 5) 

(Iv) Total Lead-Total lead or lead shall mean the horizontal lead as defined 
above plus the lift converted Into horizontal lead, If any. 

21. The unit rate shall include the execution of earthwork according to above 
specifications. A special rate shall be settled and paid for the following Items of 
works: 

(a) For cutting down, removing and digging out roots of all trees (not shrubs, grass, 
etc) of 2 feet girth and over, standing on the site or embankment or cutting, measure
ment or girth shall be taken 5 feet above ground level. Rate shall be fixed for each 
tree. Trees shall be counted and marked before removal. This work may be done 
departmentally If thought necessary by the Engineer-in-charge. 

(b) Special material such as sand, or selected earth, brought from a place other 
than regular borrow-pits. 

NO. 17,1 (B) EARTHWORK FOR REPAIRS 
Specifications 

( I) (1) All holes (gharas) and ravines shall be, wherever poss Ible, first fully 
opened out to the bottom. 

(II) All lumps or fallen earth shall be dug away, and the sides dug down In steps 

not more than I½ feet deep. 
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(UI) All jungle, grass, roots, or other rubbish shall be thoroughly cleared, and the 
work when ready for filling shall be Inspected and passed by the Englneer•ln-charge 
before lilTing be&llfs • 

(iv) FIiiing shall be done In accordance with the specifications No. 17.1 (a) Indicated 
for foundation pits. 

(v) At the end of day's work, top layer shall be flooded with water to attain con
solidation. 

(vi) During the work in progress rammers of approved type shall be employed for 
ramming, as directed by the Engineer-In-charge. , 

(vii) In all other respects it shall conform to specifications No. 17. 1, unless other
wise specified or directed in writing by the Engineer-In-charge. 

(2) (I) Where a silt berm exlsu, earth for filling and repairs shall be obtained, as far 
as possible, by cutting away such berms. 

(II) Care shall be taken that a layer of at least 6 inches thick of silt adjacent to the 
bank Is left Intact except under special orders of the Engineer-in-charge and that 
cross dowels are left at close Intervals in the silt berm so that borrow-pits may slit up 
quickly. 

(iii) An)' bank which is to be widened or raised shall be ploughed or cut Into steps. 

(Iv) Raising of driving banks shall not be done with sandy earth or silt. 

(l) (1) In case there is no berm, earth shall be obtained from the spoil bank If there is 
one or from outside excavation. 

(Ii) In getting earth from the spoil bank, borrow-pits on top shall be strictly 
prohibited, since in wet weather they form tanks and lead to damage by breaching. 

(Ill) Earth shalt preferably be obtained from the back of the spoil, or by widening 
the drainage gaps In the spoil banks. 

( .. ) (i) Where there is no spoil, earth shall be obtained by levelling down any high 
lumps, and last of all from borrow-pits. 

(II) Where borrow-pits are unavoidable, they shall be dug as far from the toe 
of the bank as possible and shall not be more than one foot deep, unless otherwise 
specified. 

(Iii) Borrow-pits shall be neatly set out parallel to the banks,. If there were no old 
borrow-pits. 

(iv) The dimensions :ind distinctive marks In the new borrow-pits shall be fixed 
by the Engineer-In-charge to avoid any mixing with the old borrow-pits. 

(v) All old borrow-pits shall be measured and measurement duly recorded and 
checked before new borrow-pits are put In. 

(vi) A bar, at least 10 feet wide, shall be left after every chain to eliminate all 
chances of a regular rain water drain running along the bank. 
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Silt Clearance 

General 

Preparation of 
Surface 

Borrow-Pits 

Key Trench and 
Sand Core 

(5) (1) The ultlmue levels after silt clearance and the corresponding depth of excava
tion In different reaches of a channel shall be clearly shown on the working drawing. 

(11) All excavations for silt clearance shall be carried out according to the working 
drawing mentioned above or as directed In writing by the Engineer-in-charge. 

~ 

{Ill) The spoils from silt clearance of channel shall be spread out evenly In the i 
neighbouring borrow-pits. 

(iv) In the absence of borrow-pits, the spoil shall be spread evenly along the 
back of the bank, thus widening and strengthening It. 

(v) Care shall be taken not to heap spoil on the top of the bank, or to throw It 
In lumps on the ouulde so that It may not be blown In by wind or rain. 

NO, 17,2 EAITHWIRI FOR RIVEi EMBANKMENT 
Specifications 

I. Except as otherwise provided herein, river embankments shall be made to the 
allgnmenu, grades and dimensions shown on the approved drawings or established by 
the Engineer-In-charge In writing and shall also be In complete conformity with the 
corresponding requlremenu set forth In the section, Excavation and Embankment 
(Earthwork General) Specifications No. 17.1 (A). 

2. After the site clearance work has been completed, the ground surface under 
all embankments to be compacted shall be ploughed thoroughly to a depth of not less 
than 9 Inches, moistened, tr so required, and compacted as specified herein. 

3. In addition to the Specifications No. 17.1 (A) 17 borrow-plu for river 
embankmenu shall conform to the following spectficatlons:-
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(1) Borrow-plu shall be on the river side of the embankment only and no 
excavation whatsoever shall be done on the land side Without written 
orders of the Engineer-In-charge. 

(II) No borrow-pit shall be excavated within I SO feet or the toe or the bank on 
the river side for new embankmenu. Borrow-pits, ISO to 200 feet away. 
shall not be deeper than 6 feet, and 200 to 300 feet away, not deeper than 
8 feet. Beyond 300 feet they can be of any depth. For repairs, raising 
and strengthening of the existing embankments and providing berms etc. 
eanh may be taken from 100 to ISO feet. From 100 to 110 feet the pits 
shall not be deeper than 3 feet, from 110 to 130 feet not deeper than '4feet, 
and from 130 to 150 feet, not deeper than S feet, 

(111) Borrow-pits shall be allowed on the land side of embankment only, If 
this Is absolutely unavoidable. In such cases pits shall not be nearer 
than 80 feet of the land toe of embankment. The depth of the pits from 
80 to 120 feet shall not exceed 2 feet and beyond that the maximum 
permissible depth Is S feet, 

1. (I) The key trench shall be excavated true to alignment and section specified. 
Its bed shall be taken correct to the level shown on the approved drawings 

I 



or as direcced by the cngmeer•in·charge and excn excavation shall be 
filled In wich pure sand or the same quality as In the core. This extra 

. filling shall be done by the contractor at his own expense, If he Is respon-
t ·I t dble-for-thi~xtra-excavuion. 

( 

(11) Shoring and strutting necessary for the excavation of the trench to the 
specified dimensions shall be provided as per Specifications No.17. I (A) 10 

at the expense of the contractor. 

(Ill) In the event of slips during excavation. the trench of the front slope of 
the main embankment shall be remade to the correct slopes and bed 
levels, and all loose and friable material removed from the bed by the 
contractor before filling is commenced. No claim fer remaking the 
slopes, removing loose and friable material or extra filling the side or slope 
or bed shall be entertained. 

(iv) The excavated stuff shall be temporarily stacked In stock plies and finally 
deposited as directed by the Engineer-In-charge. 

(v) No portion of the trench, however small, shall be filled In unless approved 
by the Engineer-in-charge. 

(vi) The key trench shall be measured and all deadman or other distinctive 
marks removed. Such removal shall be Inspected by the Englneer•ln· 
charge before filling Is commenced. 

(vii) The sand, to be filled In the core, shall be obtained from an approved source. 
The sand shall be also approved on the site of sand coring by the Englneer
ln•charge or his authorlud subordinate before the filling Is commenced. 
In the event or unauthorized filling prior to the approval of the trench, 
the contractor shall forthwith remove the filling to the correct bed level 
at his own expense. when so directed by the Engineer-In-charge. 

(viii) Sand shall be filled In 6-lnch layers up to specified depth and properly 
compacted. FIiiing beyond sand core depth with earth shall not be com
menced before the top levels have been checked and approved by the 
Englneer-ln•charge or his authorized subordinate. 

(ix) If the bank Is to have a sand core, the sand filling, unless otherwise specified 
or directed by the Engineer-In-charge, shall be laid side by side with the 
layers of embankments up to the height specified. 

NO. 17,3 EAITHWIIK ON CAIALS 
Specifications 

I. Except as otherwi,e provided herein, earthwork on irrigation canals shall be 
finished to the alignments, grades and dlmensh;,ns shown on the approved dnwlngs 
or established by the Engineer-In-charge In writing and shall, In all respecu other 
than those specified herein, be In complete conformity with the corresponding require
ments set forth In the section, Excavation and Embankment (Earthwork General) 

Specifications No. 17.1 (A) 
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Act11al Excavation 2. Excavation shall be done strictly according to the instructions of the Enginer.r-

Construe tion 
of Banks 

Borrow-Pits 

ln-charge. Normally, it shall be done in lifts of 2 feet to 5 feet. In each chain each lift 
will be completed as far as possible, befor~ the one below is commenced. Car~ shall 

be taken that the final completed width of the cha.noel is in no place exceeded. All 
gangways, r:iil or roadways :ind :teppings shall be left within the ch:innel and not cut 

into the slope. The final dressing of the slope shall then consis: of digging only. 
and no filling or making up will be necessary. Excav:icion shall preferably be done by 
first cutting a centre trench with vertical sid~ and then trimming the siopes. 

3. In addition to Specificauons No. 17.1 (A) 13 the emblnkments for the canal 
shall conform to following specific:itions:-

(I) The banks shall be constructed :iccord1ng to the approved profile. 

(ii) Earth shall be taken from :.n approved source, borrow-pits in the bed of 
channel or outside or spoils as actu:illy specified, and shall be free frorr 
roots, grass, shrubs or other for'"1gn :natte; liable to decay. 

(iii) In case of a dlstributary. if the earth obtained from cutting is indequare 
for making the bank, extra eilrth required shall preierably be obtaincJ 
by widening the bed of the channel itself. The bi!d may be widened to 
three times the normal width. Such widening shali be of the same 
amount through each length of low ground and not vary frequently. 

'4. In addition to the Specifications No. 17. 1 (A) 17 the bo rrow-pits for canal 
embankments shall conform co following specifications:-
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(i) Borrow-pits shall be dug on ly where una·1oidablc. Spoil for the formation 

of the banks shall be laid along the channel, if possible, in pr.?ference to tak
ing it from borrow-pits. 

(ii) No borrow-pit shall be dug within IO fee~ of the toe of the bank, and, if its 
depth exceeds 2 feet the distance from to.? of the bank to top edge oi pit 

shall not be less than 15 feet. 

(iii) If directed by the Engineer-in-charge to have a borrow-pit in the bed of 
the channel a berm of 5 feet from the inner toe of the bank shall be left 

on either side. Each pit shall be sep:irated from the other by a berm equal 
to half the length of the pit. The depth of these pits shall i ;i no case 
exceed I to 2 feet below the bed of the channel. In case of a channel 

which is not expected to receive silt during its running, no pit shall be 

dug below the bed level. Pits shall also not be dug within 20 fe.?t of the 
masonry works or the cattle track across the channel. 

(iv) Borrow-pits shall be 3S shallow as possible and not more than one foot 
deep in the cultivated areas acquired temporarily. In lands permanently 

acquired the maximum depth shall normally be 3 feet. 1.n no case a 

borrow-pit deeper than 5 feet shall be allowed within a distance of 300 

feet from the front toe of the ban k. 
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NO. 17,4 ROAD EMBANKMENT AND EXCAVATION 

-specifications- - - ------

I. Except ~s otherwise provided herc,11, all excav:.:ior:s and embankrn;;nts for 
ro;id w.:>rk shall b.? made to the al,znmi:!nts. grades and dimensions shown on the 
approved drawings or cscabf1shcd by the Engineer-in-ch.irge in writing and shall al~o 
be in complete confc··mity with the corres ponding rcqu1remencs set forth in the 
sect ion . Exca\'at1on an,j Emb:inkment (E;irthwork Gener.ii) Specifications No. 17.1. (A) 

2. (• ) Seiore the work•~ started at an;· place, the proposed centrll line of the road 
o r a line parallel to it sn~ll be s.?t out by t heodolite. 

(ii} Apex pegs shall be fixed in concrete. The position of apex pegs and tangent 
points shall be indkacctl by a white mark painted on the nearest parapet w:ill or rock. 
A bench mark ~hall be m:.?dc on the ncarc~t rock, away from the cutting in a prominent 
piacc and painted whit~ so chat it can be found at all times. 

(:ii) Level shall then be observed at every 25 feet along and at right angle to the 
central line and recorded. On each cross-section a permanent peg shall be fixed clear 
of the cutting and its position clearly indicated on the drawing. This peg shall be 
known as reference ?eg (R. P.) as the measurements of the work depend entirely 

on it. 

(iv) The contractor's concurrence co the correctness of levels shall also be 
obtained in writing. All work executed by him prior to this concurrence shall not 
be mca~urcci for payment. 

(v) On compt.won, ch.: new profile shall be plotted on the sections which sh211 
again l,e verified anci signed by the contractor. 

(v,) Peg:: :;hall be su pplied :ind fixed, and bC;nch mark made by the contractor 
or at his exp,rnse by the dep .. rtmer,t. The marking of the centre line shall also be 
done by the cont:·actor. Work done in excess of that indicated on the approved 
drawing shi ll not be paid for . 

NO. 17,5 MAKING FORMATION FOR RAILWAYS 
Specifications 

I. Except as otherwise provided herein, all excavations :ind embankments for 
railway track formation shall be made to the alignments, grades, levels and dimensions 
shown on the approv,?d draw,ng~ or established by the Englneer•in-charge in writing 
and shall in all respects, other than those specified herein, be in complete conformity 
w,th the corresponding requircrr.ents set forth in the section, Excavation and Embank· 
ment (Earthwork General) Specifications No. 17. I. (A) 

2. Unless otherwise specifi ed or directed, the site clearance shall be done as per 
Specifications Ne. 17.1(8). This work shall be kept at lease 1000 feet In advance of 
making up formation, ilnd grubbing work at least 300 feet ahead. 
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Formation 

Cuttings 

3. Unless otherwise specified or directed 1n writing by the Engineer-in-charge, 

the formation width and slope of the embankment cutting shall be as follows:-

(a) Formation Width (Embankment) 

(i) Broad Gauge 

a. Single line 

b. Double line 

(ii) Meter Gauge 

a. Single line 

b. Double line 

(iii) Narrow Gauge 

a. Single line 
b. Double line 

(b) Formation Width (cutting) exclusive of side drain, . 

(i) Broad Gauge 

a. Single line 
b. Double line 

(ii) Meter Gauge 

a. Single line 
b. Double line 

(iii) Narrow Gauge 

a. Single line 
b. Double line 

(c) Slopes 

(I) Embankments 
(ii) Cutting 

20'-G' 

35'-6' 

16'-G' 
28'-0" 

12·-c· 
23'-6" 

18'-0" 

33'-6" 

1'4'-0" 
26·- o· 

10·--0· 
21 '-6' 

2 to 

It to I 

-1. In order that excavations may drain themselves automatically, the central block 
of earth or gullet shall be first excavated. This shall be done In a manner that 

the bottom of excavations shall, where possible, slope downwards from the centre or 
the cutting towards the ends. Excavation shall be made in such cuts or steps :u may, 
from time to time, be directed by the Engineer-in-charge. In deep cuttings, the first 
cut or step shall approximately follow the surface or the ground where this will secure 
the necessary slope for drainage, and shall be excavated to such depth, not exceeding 

IO feet, as may be directed, wlth perpendicular sides le:iving pathways for the workman 
along the sides of the cuts, at about every SO feet. In shallow cuttings not exceeding 
6 feet in depth In the deepest part, the gullet shall be cut out straight away to formation 

level. 

When so specified or directed, the central portion or gullet of the cutting sh:ill be 

first taken out to full width of formation to enable the Engineer's representative to 
determine the slope suitable to the particular cutting or to the different lengths 

of it. 
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When the gullet is cut out to Its full depth in shallow cuttings, or to the depth of 

the first cut in deep cuttings, the side portions of triangular section up to the slopes 

! hall be excavated. In deep cuttings. the second cut shall not be started till the top 

portion is thus completecf. 

Slopes of all cuttings shall be cut true ;ind straight, and all loose stones, boulders, 

roots, stumps and unstable ground in slopes shall be removed. Under-cutting of 

slopes shall not be permitted, except with the written approval of the Engineer-ln

charge. 

5. Side drains shall be made at the bottom of the slopes in cuttings, and shall 

normally be 4 feet wide at the formation level, with sides sloping I to I, laid with a 

a minimum grade of 0.3 per cent, unless otherwise specified or directed by the 

Engineer-in-charge. For eroding velocit1es the drains shall be lined or the veloclty 

reduced by check dams or drops. 

6. Wherever required or directed by the Engineer-in-charge pipe sub-drains 

shall be constructed of the material, size and design, and in the location shown on the 

drawings and to depth and grade prescribed 'for them. The cross-section of the 

trench shall conform to the drawings. The trench shall be excavated and the pipe 

laid to true line and grade. Sufficient cribbing or shoring shall be used to prevent 

caving In of the trench excavations. All trenches shall be backfilled with an approved 

permeable material, to the sections indicated on the drawings or as directed by the 

Engineer-in-charge. 

7. Unstable material in the bottom of a cue shall be removed to a depth shown 

on the drawings or as directed by the Engineer-in-charge and filled up to the formation 

level with approved material. The measurement of excavation shall be made to the 

bottom of the material removed. Payment for refilling shall be made under the rele

vant item of earthwork. 

8. All cuttings shall be taken out carefully to the precise dimensions shown on 

approved drawings or directed in writing by the Engineer-in·charge. In case the 
bottom of the exc:ivation of the cutting is taken out deeper than necessary by over

sight or neglect of the contractor, the hollow shall be filled in to true depths with 
approved material and compacted to the satisfaction of the Enginecr-in•charge or his 

authorized subordinate. No payment shall be made for excessive cutting and refilling 

to the true formation level. The removal of unpreventable slide to the extent to be 

decided by the Engineer-in-charge shall, however, be measured and paid for. 

9. A berm of S feet shall be left between the top of slope of rock cuttings and 

the toe of the slope of the overlying earth. 

10. When explosives are used in rock excavations, the charges shall be so pro

portioned and placed that they do not loosen the rock outside the excavation lines as 

shown on the drawings or as provided In the specification. If the rock below the 

line of the side slopes should be loosened by blasting to an extent that renders it 

liable to slide or fall, such loosened rock shall be removed by the contractor at his own 

expense. Where blasting is likely to endanger person or property, the Engineer-
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. ... 
in-charge shall have the power co presm be and enforce such rules and regul::tions as 

may be necessary. But the prescirbing or failure to prescribe such rules and regula
tions shall not absolve the contractor from any responsibility under the contract. 

11. Where the quantity of material from the cuttir.g~ of stanciard cross-secticn 
is not sufficient to form embankments, as specific.d, the deficiency shaH be made up by 

widening the cuttings on one or both sides to the extent and with the slopes dirc.ctcd, 
unless the use of borrow-pits is indicated on th e. approved drawings aut horized by the 
Engineer-in-charge. 

E:irth shall normally be obtained from the t:\ilway land, but if additional filling is 
required or If alternative borrow is desired, it sh~II be obtained from a source appro•,ed 
by the Engineer-in-charge. Before excavating material from such outside borrow
pits, the contractor shall at his own cost secure from the owner thereof and deliver to 
the Engineer-in-charge a ·Nr1tten lease to railway frcm all damages arising frcm such 
usa. 

If the available fill m;:terial consists cf sandy soils and clay, they shall not be mixed 

as far as possible. A part of the sandy soil shall be reserved for constructing the upper 
part of the embankment and the remainder either for the outer parts or for the lowest 
portion of the highest fill sections. 

12. Unless otherwise specified, borrow-pits for railw .. y format:o n shalt confcrm 
to specifications No. 17.1 (A) except for the following requirements : 

23n 

(i) For railway embankment up to 8 feet in height, the earth shall be generally 

borrowed from borrow-pits en one side of the alignmEnt. This shall be 

the side toward which flood v,atcr is expected to head up, or the upstream 
side in the case of sloping ground. 

(ii) Jn setting out borrow-pits, 20 feet berms after every 180 feet shall be left 
out to allow convenient access to the line during construction and to 
prevent the borrow-pits from developing ultimately Into water courses 

alongstde embankment. The width of the pits shall vary according to the 

height of the embankment. The maximum depth shall not ordinarily 
exceed 8 feet. This is on the condition that the sub-soil water level is 
lower than the bottom of the pit. 

(iii) Unless otherwise specified or directed by the Engineer-in-charge, the 

slopes of sides of borrow-pits, nearest to the line, shall generally be 2 to I 
and the slopes of the outer side and ends shall be I to I. 

(iv) In embankments over IO feet high or where the ground is low and 

swampy only the outer halves of the borrow-pits are to be markEd out. 

When work is completed on them to the full calculated depth, excavation 
may be commenced on the inner halves. These halves shall be marked 
when the outer halves have been excavated. 

(v) Jn the case of embankments constructed for a single line of railway, berms 

on either side of the embarikment shall be left as shown on the drawings 
or directed by the Engineer's representative. These berms shall be 

between the toe of the slope of the embankment and the top edge of the 
slope of the borrow-pits. Unless otherwise ~pecified er directed these 
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berms shall be 30 feet and '45½ feet, the latter being on the side on Which 
doubling might eventually be done. 

13. {i) Earthwork shall be done by ballast train when earth is not suitable for u,e 
as filling material. The source of borrowing earth shall be approved by the Engineer
In-charge. The conditions for running the ballast train shall be clearly indicated In the 
contract. 

(Ii) Unless otherwise specified, the earth shall be? loaded into the wagons by 
baskets and unloaded by 'khudalles'. After unloading, the earth shall be pulled imme
diately to 10 feet clear of the rails and levelled down to sleeper level. Whenever 
directed by the Engineer-in-charge that earth may be unloaded by baskets, an extra 
rate shall be paid as contained in the agreement. 

{iii) The measurement of earth shall be done In the loaded trucks unless other
wise specified. The unit rate shall include loading into the wagons, unloading and 
clearing track up to 10 feet in accordance with the above specifications. 

1-t. Catch-water drains shall be made at the top of the slopes of all cuttings and 
along fills where the ground falls towards the centre line. A minimum berm of 3 feet 
Inside the boundary of the railway land shall be left outside the catch-water drain. 
The spoil from the drain shall be thrown up on the side towards the cutting or the 
embankment. The size and grade of the catc;h.water drains shall be as shown on the 
drawing or as dlreaed by the Engineer-In-charge and shall generally be 6 feet wide 
and l•feet deep with I to I side slopes and a minumum grade or 0.3 per cent. For 
eroding velocities the drains shall be lined or the velocity reduced by check dams or 
drops. These drains shall be made befurc cutting or filling Is started. 

15. Unless otherwise specified, embankments shall be constructed and com
pacted by mechanical means as per specifications No. 17.1 (A) t 3. 

16. Unless otherwise specified ·or directed In writing by the Engineer-In-charge, 
embankmenu shall be made without the help of mechanical compacting equipment. 
The fill shall be allowed to weather and to settle under its own weight and the weight 
of the traffic running over It for about 2 to 3 years. Hard ballast shall not be placed 
beneath the track during this period. 

17. Embankments shall be carried to such heights above formation and to such 
Increased widths as may be deemed necessary by the Englneer-ln·«=harge to account 
for shrinkage, subsidence and erosion. Unless otherwise specified, the normal limit 
shall be l Inches for every one foot of the height. As embankmenu become consoU. 
dated, their sides shall be carefully trimmed to proper slopes. Embankments shall 
be maintained at their proper heights, dimensions and shapes till the work is finally 
accepted by the Englneer-ln•charge. 

18. If an embankment Is to be placed on sloping ground the surface shall be 
d~eply ploughed or stepped. Whenever directed, boggy or unsuitable material shall 
be excavated so that the embankment Is on a firm foundation. 

19. The top 3 feet to ~ feet of embankments shall always be constructed with 
non-swelling, selected material duly approved by the Engineer's representative before 
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it is used. The use of clay shall be avoided because, when damp, it is likely to squeeze 

under the influence of traffic into the voids of ballast causing settlement of the track 

and forming shallow trough in the crest of the fill which collects water and further 

softens embankments. A continuous process of deterioration of track is thus started, 

which results in increasing the maintenance costs, Where the use of clay as a topping 

material cannot be avoided the top 3 feet to 4 feet of the fill shall be mechanically 

compacted to 95 per cent of the maximum density at I or 2 per cent below the optimum 

moisture content and finished off by giving the clay surface a pronounced crown. (In 

this case, if so specified or directed by the Engineer-in-charge, cement grout shall 

be injected into the tower part of the ballast section to keep the clay out of the 
ballast,) 

20. In filling over masonry or other structures, the material shall be deposited 
m layers not more than 6 inches thick with each layer carefully tamped. Only the best 

available material shall be used for this purpose. Wet or Impervious materials shall 

not be used for filling over masonry. The filling over arches shall be deposited simu 1-
taneously from both sides. Large stone shall not be placed within 3 feet of the 

extrados of any arch. Waterproofing. if ;iny, shall be kept intact and undamaged 
by filling operations. 

21. Unless otherwise specified or directed, side slopes of formation shalt be 
protected by either of the following methods: 

(i) Check dams and drains. 

(ii) Vegetation. 

(iii) Surface blanketing. 

(iv) Fencing. 

(v) Picthing. 

The method actually adopted shall be the one specified or directed by the Engineer
in-charge. 

22. Jn sliding cuts where the slopes cannot be flattened to the angle of repose 

without the removal of an excessive amount of material or disturbing the ground 

surface beyond the right of way line and also where it is necessary to support all or a 

part of an embankment slope against the hydrostatic pressure or deep ravine, retaining 

structures such as timber, concrete or iron cribbing, timber and scrap rail piling or 

masonry retaJnlng walls shall be provided, unless otherwise specified or directed by 
the Engineer-in-charge. 

23. (i) Cribs shall be open faced or close faced as actually specified and their cells 
shall be filled with locally available material such as earth or rock. 

(ii) Unless otherwise specified, tne width of the crib shall not be less than 4 feet 

on top or bottom. They shall be built vertical or with a batter (4 vertical to I hori

zontal), and the ratios of base wrdth to height in cases where there is a firm foundation 
shall be as follows: 
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(a) With no surcharge: 45 to 50 per cent. 

(b) With slight surcharge: 50 to 65 per cent 

(c) With heavy surcharge : over 65 per cent. 
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The wldtb of the crib shall be reduced by adopdn& multl· cell construction. bu& 
the boteom width shall be orrled above the slippage plane or t/3 hel1ht, whlcheYer 
liliTgher. 

{Iii) Timber shall be used only for temporary cribbing and concrete or Iron 

cribs shall be used for permanent cribbing. 

(Iv) Drainage arrangement from the back of cribs where considered necessary by 
the Englneer•ln•charge shall be made by providing core pipes. perforated pipes and 
poro•Js filling material of at lust 2 feet thickness, unless otherwise specified. 

24. Hard wood timber plles 12 to 14 Inches In diameter or square In size with 
wooden planks 3 to 4 Inches or scrap rail piles with wooden planks 3 to 4 Inches thick 
or concrete piles with reinforced concrete planks or reinforced concrete grooved 
sheet piles or steel sheet piles as actually specified shall be used. Unless otherwise 
specified, the penetr.1tlon of the plle into the soil shall not be fess than the proJectJon 
above the ground . . The projection of the pile above ground level (H) and the spadnc 
of piles without surcharce and with surcharie of earth sloping at I½ horizontal to I ver
tical, shaJt be as per following cables unless otherwise specified. 

H 
In feet I 

9 
8 
7 
6 
5 
4 
3 

H 
In feet j 

10 

' 8 
7 
6 
5 .. 
J 

E•rtllwwt 

TABLE NO. I 

Timber Pil~ of 12 Inches minimum dlometu 

Spacln& of piles 

Without surcharce With surchar&e earth load at l¼: l slope 

--2'-6. 
3'--<r 
4•-0• 
S'-6• 
a·-0· 

10·-0· 
10·--er 

TABLE NO. 2 

2'--6· 
3'--6· 
5'--6· 
10'--er 

Timber piles of 14 Inches minimum dlamcwr 

Spacing of PJles 

Without surcharge Wich surcharce earth load at l½ : I slope 

l'--6· 
3'--Cr 
4•-0• 
6'--<r 
a·--0· 

10'-CY 

"J:-4' 
3'--'' 
S---6' 
9'-V 

10'-0' 

Ml 

.... 
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Wall• 

...... rementand ..... 

H 
in feet j 

' 8 
7 
6 
5 
4 
3 or less 

H 
In feet I 

10 
9 
8 

7 
6 
5 .. 
3 

TABLE NO. 3 

75 8.S.S. Rail l'Ile1 

Spacing or Piles 

---

Without surcharge With surcharge earth load at I½: I slope 

---------- ----------
2'-6' 
3•--0· 
4'--0· 
S'-6' 
8'---0"' 

10'-0· 
10'-0" 

TABLE NO. 4 

90 8.S.S. Rall P1l~1 

Spacing of Plies 

l'-6' 
3·~· 
5'-6' 

10'-0' 

--------

Without surcharge With surcharge earth load at l½:I slope 

l'-6' 
3'--0' 
... --0' 

6'-0' 
8'--0' 

I0'---0"' 

l'-6' 
J'-6' 
S'-6' 
9'-0' 

10'---0"' 

25. Retaining walls when specified shall be made strictly according to approved 
drawings or as directed by the Engineer-In-charge In writing. In respect of material 
and workmanship, relevant specifications of the masonry shall be strictly followed. 

26. In respect of measurement and rate, It shall conform to specification 
No. 17.1 (A) for Eanhwork General, except for the retaining structures specified 
In clauses lO to 24 of these specifications. The unit of measurement and rate for 
these shall be the nme as contained In the relevant specifications for each work. 
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TABLE NO, S 

Conversion 

In the case of earthwork measurement where extra lead Is to be paid for lift the 
method will be u follows: 

The lift will be measured from the centre of gravity of the excavated earth to that 

of placed earth. This will constitute the mean lift for the section. 

When earth has to be carried over a spell ~nk and dumped beyond It the mean 
lift would be the difference In level between the centre of gravity of the excavated 
earth and the top of the spoil bank omitting the dowel. 

The equivalent leads for various mean lifts are given below:-

Llrt In feet 

2 

3 

• 
s 

6 

7 

8 

' 
10 

II 

12 

13 

I <f 

15 

16 

17 

£arlhwort 

Conversion factor 

I' lift 8' lead 

I' 11ft 8' lead 

I' lift 8' le:ad 

I' lift 8' lead 

I ' lift IO' lead 

I' 11ft 10' lead 

I ' llf t 10' leacl 

I ' lift IO' lead 

I ' lift 11' lead 

I' lift 12' lead 

I' lift 13' lead 

I' lift H' lead 

I' lift IS' lead 

I' lift 16' lead 

I' lift 17' lead 

I' 11ft 18' lead 

I' llft 19' lead 

Equivalent Horizontal 
lead In feet 

8 

16 

14 

32 

50 

60 

70 

80 

99 

120 

I.fl 

168 

195 

224 

255 

288 

323 

- 2.fl 



·= 

f8 I' lift 20' lead 360 

19 I' 11ft 21' lead 399 
I 

20 I ' 11ft 22' lead 440 I 
I 

I 
21 I' 11ft 23' lead .f83 ... 
n I ' lift 24' lead 521 

23 I' I.ft lS' lead 57& 

2.f I' II~ 16' INd 614 

25 I' lift 27 Ind 675 

26 I' 11rt 27' lead 702 

27 I' hFt 27' lead n, 
28 I' 11ft 27' lead 756 

29 I ' 11ft 27' lead 783 

30 I' 11ft 27' lead 110 

These mnvenion factors also Incorporate allowance for eXtra Ind due to cross 
{ 

' lead with a view to ensurln1 a uniform system. The equivalent lead will be added to . 
the horizontal lead to &et the total lead to be paJd for. The exact site or R.D.s between 

. , 

which .xtra lead 11 to be JiYen must berecorded In the fint column of detailed measure-
, 

ffl911tl In the meuurement book. " 
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DISIANRING (DEMDLITIDI) AND 
.PJ.EPARATION OF SITE 

. ~ 

No. 18.1 Specifications 
I. If specified or directed by the Engineer-In-charge, the contractor shall provide, 

erect and remove screens of canvas or other suitable material to minimize the nul11nce 
from dun and shall provide for watering as the work of demolltfon proceeds. 

2. The existing services such as electric supply, telephone connection, water 
supply, drainage, etc., shall be diverted according to the directions and to the satll· 
faction of the En&lneer-ln-charge. 

3. Before taking the work of demolition in hand, an inventory of all serviceable 
material, for which special care Is to be exercised In demclltlon, handling or lowering 
down, shall be made and the 11st shall be checked and duly approved by the En&inter• 
In-charge or his authorized representative. 

4. (1) The contractor shall be responsible for carrying out dismantling operation, 
strictly In accordance with the specifications or directions of the Englneer
ln•charce, with appropriate tools and In such a manner as to avoid 
unnecessary damage or Injury to other adjoining work, and those paru of 
work which are to be retained, and to render unserviceable as little of 
the material as possible. 

(11) The contractor shall, If specified or directed by the Englneer-ln-cahr1e, 
make good any damage to work caused during demolition and shall protec:t 
u far as possible all trees, shrubs, etc., near the work. 

5. The contractor shall at once remove all foul matter. If sewers or drain, are to 

be removed or disturbed. The rate for removln1 pipes dou not Include excavation 
or the demolition or any masonry or brickwork; all the works shall be paid for sepa
rately, accordln& to their respective rates. 

6. Unless otherwise stipulated or specified, no allowance shall be made for 
shorlnc or under-pinning. 

7. Truases, R. S. beams, battens, purllns, sheeu, tiles, boards, wooden frames, 
water supply and electric fittincs and all material liable to be damaged by droppln& rrom 
a helcht, shall be lowered down to the cround by means of a rope or another approved 
appliance. If any serviceable article is damaged or broken on account or the necllgence 
of the contractor he shall have to pay to the depanment the current market rata for 
the artlde. 

8. Doors and windows shall be removed from the chowkau alongwlth their hinges 
before dlsmantllng the latter and shall be carefully carried and sucked where directed 
b7 the Enclneer-tn-charce. 
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9, (1) Unless otherwise specified. all demolished materials shall be considered 

the property cf Government and shall be disposed of as directed by the 

Engineer-in-charge. The rate of an item shall always include the sorting 

out of any demolished material. its stacking anywhere within 300 feet of 
the place of demolition and its safe custody tilt it Is hande:d ov<:r to the 
department in accordance with the directions of the Engineer-in-charge. 

(ii) When so specified or directed by the Engineer-in-charge, the contractor 

shall completely remove the whole or part cf the dismantled material 

from the site of work and realize such profit:. as he can by disposing it of 
by a method approved in writi:1g by the Engineer-in-ch:irge. In such 
cases no payment shall be made to the contractor for dism:intling this 
material. 

10. Dismantling (Demolition) shall be measured by bulk, surface area or linear 
dimensions depending upon the article to be dismantled. The units of measurement 
shal be 100 cubic fet:t, 100 square feet or 1 Rft. -

11. (i) The uni: rate for demolition shall include dismantling of material, Its careful 
lowering to the ground, sorting out and stacking within 300 feet of the --site of demolition, in accordance with the above specifications. 

(ii) The rates for dismantlini roofs or upper storey floors Include the dis
mantling of all materials, except roof supports such as beams and trusses. 

NO. 18,2 UNDER-PINNING 
Specifications 

I. Unless otherwise specified or directed by the Engineer-in-charge, the under

pinning shall be executed in lengths not exceeding 5 feet ~t a time and all operations 

shall be carried out to the satisfaction of the Engineer-In-charge. No under-pinning 
shall be done simult:ineously at a distance Jess than 6 feet apart. 

2. Where the foundations of new walls arc below the level of the foundations of 
existing w:ills of adjoining premises, necessary excavation shall be made and under
pinning done from the level of the bottom of new foundations up to the underside of 

foundations of old walls, to the full thfckness of the wall. Unless otherwise specified 
or directed by the Eniineer-in-charge, under-pinning shall be done in cement concrHe 
I :3:6 or brickwork first cl:iss in I :3 cement und mortar. 

3. Planking and strutting shall be provided to sides of excavation in under-pinnir,g 
and across trench!!i tf d irecte::I by th:? Engi n~er-i n-chargc without any additional 
char,e. 

4. The projecting footings and concrete foundations on outside of the old walls 
to be under-pinned sh.all b.:! cut away back to the face of wall. 

S. Unless otherwi~e specified or dir&Cted by the Engineer-in-charge, th• tDp 
of new under-pinning shall be wedged and pinned up to the under side of old concrete 
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foundations. wh:rn required, with cement sand mortar I :3, mixed fairly dry and 
well-rammed. 

6. Temporar / \huttering iliiIT De provTaed lo-VUtlal ~~oncrete-founda~ 

tion to the depth oi under-pinning and the ~ame sh:ill be removed when no longer 

required. 

7. Timbering, needling, shoring, etc., shall be provided and fixed to ensure the 
safety of adjoining walls while ur,der-pinning, where specified or directed by the 

Engineer-in-charge, and, on c:ompletion, all disturbed :ircas sh:ill be cleared and made 

good. 

8. Measurement shall b.: m;ide of each oper3t1on involved in under-pinn1nc 
according to the relevant items of work . The unit of measurement shall be the same 
as of the relevant item. 

9. The unit rate shlll tr.elude under-pinning as per :ibove specifications and 
carriage of materials to the site of work as 1n case of relevant items of work. 

NO, 18.3 SHORING 
Specifications 

I. Unless otherwise specified or directed by the Engineer-in-charge, all walls, 
floors, roofs. partitions of buildings on the site or adjoining the works shall be secur.?d 
by means of shoring to the entire satisfaction of the Engineer-in-ch:irge, and on com
pletion of the work or when directed by the Engineer-in-ch3rge or his authorized 
representative the shoring sh.ill be removed and the are:i left in good order. 

2. Unless otherwise specified, the shoring shall generally consist of dogs, hoop 
iron, hooks, shores or rakers, sole pieces, w.ill pieces or plates, braces, struts, needles, 
cleat, wedges and pons. The wooden components when used sh31l be of properly 
seasoned Shisham, except for rakers :ind nrucs which shall be of Sal, free from 

defects, unless otherwise specified. 

3. The raking shores shall be provided at an angle of "0- to 75• to the building and 

each 5et of shores shall be IO to IS feet apart or :is directed by the Engineer-In-charge 
or his authorized representative. Unless otherwise specified or directed by the 

Engineer-In-charge, the number of shores provided in each set and the slxe of rakers 
shall be as follows: 

(a) Number of raking shores in each set: 

For walls IS feet to 30 feet high: 2. 
For walls 30 feet to -40 feet high: 3. 
For w.ills "40 feet and upwarck: 4. 

(b) Sizes of the ralms: 

For w3lls IS feet t-> 20 feet high : ;•xi· or s·xs· 
For walls 20 feet to 30 feet high: 9"'x"1f' or 6"'x6• 

Dismantling (Oemofltion) and l'reparatlon of Site 2 .. 7 

Temporar-y 
Shutterln1 to 

Concrete 

Timbering, 
Shoring, etc. 

Measurement 

Rate 

Use 

Requirements 

Rakln1 Shores 



Sole Pieces. 
Neecllu. etc. 

Wall Piece 

Flyin1 Shores 

Neadle Shori111 

Measurement 
and Rat.as 

For walls 30 feet to 35 feet high: 1·xr 
For walls 35 feet to 40 feet hlgh: 6·x12" or a•xa· 
For walls 40 feet to SO feet high: 9'x9' 

For walls 50 feet and upwards: 12"x9• and upwards. 

... The sole pieces shall be inclined at an angle of about es• to the top raker. 
The top needle shall be at least l feet below the top of the wall. In soft ground, the 
area of the sole piece shall be increased by forming a platform of timber under It. The 

needles shall be driven into a wall to a depth of 46 Inches, unless otherwise specified. 

5. The wall piece shall be 2 inches to 3 Inches thick and of the same width as the 
shore. It shall extend about 3 feet above the top raker and 3 feet below the lowest 

raker. 

6. Flying shores shall be erected IO feet to 15 feet apart with spans up to 35 and 
placed at three-quarters of the height of the wall or as directed by the Engineer-In
charge. Unless otherwise shown on the drawings or approved by the Engineer, 

the general arrangement and the sizes of the scantlings shall be as given below: 

Span in feet 

Up to 20 ft. 

.. 
•• 
.. 

25 ft . 

30 fL 

35 ft . 

Horizontal 
Shore 

6'x'4· 

6•x6' 

9'x6• 

9•,c9• 

Struts 

'4'x'4' 

4'x'4• 

6"'x .. • 

6'x6• 

Straining Wall 

Pieces Plates 

<f'xl" 9'xr 

4•,a• 9'xr 

.. ·xi· 11•xr 

6·x1." 11•x3• 

Note.-Shores of large section may be built up of smaller sections bolted 

toiether. 

7. When shown on the approved drawings or when directed by the Engineer• 
In-charge, the walls being under-pinned shall be supported by needles. The needles 
shall be 11 inches square of good hard timber such as Sal, with similar posts and the 

sole pieces spaced from 5 feet to 7 foet apart. R.S. beams shall be used as needles when 

the wall above is thick, heavy and high. 

B. In respect of measurement and rates the specifications for the relevant icems 
of work shall be followed. 
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MORTARS 

Introduction 

Mortar is defined as a material composed of fine aggregate and cementing material 
which forms a hardened mass when mh<ed with a suitable proportion of water. It is 
used for plaster work and for bonding bricks and masonry solidly together so that 
stresses from super•lmposed loads are evenly distributed. The cementing material 
may be either clay or ponland cement, or lime or a mixture of lime and cement. Sand 
Is the accregate commonly used for mortars; but in special cases surkhl and cinders 
are used In addition to or as substitute for sand ln old burnt bricks ballast, or ground 
stones. The constituents of all mortars should be mixed thorouchly to ensure a 
uniformity of composition. 

Mortars are usually defined by their composition rather than properties, and the 
proportion, of lngredlenu are generally taken by volume. The following are the 
different types or mortars commonly used. 

(1) Mud monar Is used in brickwork, masonry and plaster work, provided these 
works are not likely to remain under water. For brickwork and masonry, mud mortar 
is prepared from good brick earth, u defined In Chapter No. 3 Part I of this Vol. Brick 
earth Is reduced Into fine powder and freed from stones, grass, kankar, roots and 
other matter. Clay containing efflorescent salts or taken from a locality where there 
are white ants should not be used. This mortar Is made by mixing clay with water 
on a plot of ground specially cleared and set apart for the purpose, and tempered for 
at least two days. During this period it Is worked up at Intervals with men's feet and 
phowrahs. If necessary or where soil Is too clayey, sand or chopped straw Is added. 
The consistency of the mortar Is kept to the extent that It readily slides off the face of a 
trowel but Is not so wet as to part Into larie drops In falling. 

Mud mortar for pluterlng Is prepared In the same way as described above, except 
that four pounds of chopped "bhoosa" Is mixed thorouchly with each cubic feet of mor• 
tar which Is kept In a plasclc state for a week and Is worked up by pugging with feet at 
intervals. 

(11) Cement mortar h, used in brickwork, masonry, plaster work and concrete 
work. Its Ingredients are cement and sand whose proportions may be I :2, I :3, I :'4, 
I :S, I :6, I :7, I :8 and so on by volume. The mortar is made by thoroughly mixing the 
ingredients In a dry state and then gauging the mix with water to make It workable. 
The quantity (wcl&ht) or water to be added with a fine rose should be 28% of the 
weight of cement plus <1% of the weight of the total auregate. This assumes that 
the materials (auregates) are dry. 

(Iii) This mortar ls used In brickwork, masonry, plaster work and concrete work. 
Its Ingredients are slaked stone lime and surkhl or kankar lime and sand. Non-
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Lime Cement 
Mortar 

Mortar f'or Fire
Clay Brickwork 

hydraulic or semi-hydraulic lime mortars have low strength and are vulnerable tO frost 

and, therefore, unsuitable for external work for which only hydraulic lime mortars may 
be used. The proportions of different mixes may be as below:-

Mor.ar Ingredients l\emarks 

---
I. Stone lime and Surkh1 Stone lime I pirt 

Surkhi I¼ pam 

2. Kankar lime and sand Lime r part 
Sand I part V. Storng Mortar 

Lime I part 
Sand 2 parts Strong Mortar 

llme I part 
Sand 3 parts Ordinary Mortar 

The mortar is prepared by mixing the Ingredients twice in a dry state and then 
grinding the mix with sufficient water in a grinding mill. 

(i'f') Lime cement m:>rcar is used in brickwork, masonry, plaster work and concrete 
w-,rk. Its ingredients are ilaked stone lime, cement and sand (fine aggregate). UJually 
~heir proportions taken by volume may be as foilows:-

Lime 

I 
I 

Cement 

I 
I 

I 
I 
I 

3 

3 

Sand 

s . 6 . 
8 

. 9 
10 
12 
B 
3 

The presence of cement in the mortar ensures early strength and reduces the risk 
of frost attack both during setting and afterwards, while the presence of llme Improves 

the working quality of mortar and reduces Its tendency to shrink and crack on drying. 

The mortar is prepared by mixing, in a dry state, the thoroughly slaked and screened 
stone lime and sand, and then :iddrng cement which is properly mixed with this material. 
later the water Is poured through a fine rose to give a mortar of the desired working 
consistency. 

(v) Fire-day or alternatively fire-cement is suitable for setting fire bricks. Generally 
the joints are the most vulnerable part of fire brickwork and when they crumble away, 
the arrises of these bricks become vulnerable to heat. Fire-day can be used Just as It 

comes out of hearth but it tends to contract on coolrng and again on exposure to heat; 

so the best way is to use fire-cement that is especially prepared to resist construction 
under heat. Burnt day, made by crushing ordinary fire bricks, does not expand or 
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contract markedly and therefore constitute, a suitable aggregace for fire brick mortar 

mixed with high alumin:a or other bauxite cement . 

The proportion of :alumina cemerit to crushed fire brick Ts I :1. The rnorur rs 
prepared in the same manner as described for cement mortars. 

vi) It is often better to use a proprietary pluticlser with cement and sand than 

to use lime. It incre:ues the "wetting" or cement particles, and the effectiveness of 

cement, permitting :a weaker mix and improving its workability. It also tends to 

entrain :air bubbles in the mix, m:iklng the mortar more el.utic when set a:td reducing 

the chances of cracking. The recommended mixes v:ary, but the comm~n one is one 
part of cement to six parts of sand plus the amount of plastlclser (usually added to the 

mixing water} recommended by the manufacturer. 

NO. 19,1 MUD MORTAR 

Specifications 

I. Hud mortar for brickwork and masonry shall be prepared from good earth 
and water. Sand or chopped straw shall be added to the earth that Is too clayey. Mud 

mortar for plastering sh1II be prepared from earth, water and chopped "bhoosa". 

2. Earth shall be good brick e:irth or clay conforming to Specification No. (3.1) 

and shall be obtained from an approved !OUrce. 

3. Water shall conform to Specification No. (l. I). 

4. Clay shall be mixed with water on a plot of ground especially cleared for the 

purpose :ind tempered for at least two days. During this period It shall be worked 

up at Intervals with men's feet and "phowrahs". Sand or chopped Straw shall be 
added, as desired, to the earth that is too clayey. Hud mortar for plastering shall 
be prepared as specified :ibove and four pounds of :hopped "bhoosa" shall be 

thoroughly mixed with each cubic foot of mortar. 

S. The consistency of mud mortar sh:ill be of a type that it shall readily slide off 
the face of trowel, but the mortar shall not be so wet that It parts Into large drops In 
falling. No water shall be added to the mortar after it :s delivered to job, 

6. Unless otherwise specified or directed by the Engineer-in-charge, the con
tractor shall make his own arrangements for obtaining the necessary clay for the 
mortar. When permitted by the Engineer•ln,charge to take earth from the site of 
work, the contractor shall fill :ill pits with good earth and dress them off properly on 

the completion of work. 

7. Mud mortar shall not be used for any masonry or brickwork likely to remain 
under water at any time or likely to bear pressure other than directly vertical. 

B. The measurement of mortar, if required, shall be done by volume. The unit 

or measurement shall be 100 cubic feet. 

9. The unit rate shall Include the cost of clay, water and chopped straw or 
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Composition 

Portland Cement 

Sand 

Wat.r 

Mix 

Preparations 

Precuatlons 

Measurement 

Rate 

Compo11tlon 

Stone Lime 

Kanker Lima 

~· 

chopped '"bhoosa" as specified and the preparation of morur as per above specifica
tions at the site of work to be defined in the conditions of contract. 

NO. 19.2 CEMENT MORTAR 

Specifications 

I. Cement mortar shall consist of portbnd cement, sand (fine aggregate) and 
water. Waterproofing agent sh:ill be added wl'lan specially required or directed by 
the Engineer-In-charge. 

2. Portland cement shall conform to Spacification N~. (3.3). 

3. Sand shall c~nform co Sp~c;fi::atlon N~. (6.1 ) . 

.f. Water shall conform to Specification No. (2.1). 

5. Unless otherwise specified or directed by the Engineer-In-charge, th• ln1re
dlents for cement mortar shall be proportioned by volume. 

6. Cement and sand shall be thoroughly mixed in a dry state on a pucca platform 
or In troughs as directed by the Engineer-In-charge. It shall be gauged with a 
quantity of water sufll::ient to make the mortar workable. Water shall be added with 

a fine rose. O:ily such quantity of mortar shall be prepared as an be used before 
the Initial settln& time. 

7. (i) Any mortar which has not been used within 30 minutes of the addition of 
water shall be discarded. 

(Ii) At the close or day's work the mixin& troughs and pans shall be thoroughly 
washed and cleaned. 

(iii) The mixing platform shall not be used for stacking materials. 

8. Tho? measurement or mortar, if required, shall be done by volume. The unit 

of measurement shall be I 00 cubic feet. 

9. The unit rate shall include the cost of portland cement, sand and water and 
the preparation of mortar as per above specifications at the site of work co be defined 
In the conditions of contract. 

NO. 19.13 LIME MORTAR 

Specifications 

I. Lime mortar shall consist of slaked stone lime, surkhl and water or bnker 
lime, sand and water. 

2. Stone lime shall conform to Specification No. (3.2). 

3. Kanker lime shall conform to Specification No. (3.1). 
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'I. Surkhi shall conform to Specification No. (6.2). 

5:---5.lmf~h-:iil----co n'or-m io--S pec,fka t1on N0.---( 6.-l.)_ 

6. Water !hall conform co Specification No. (2.1 ). 

7. Unless otherwise specified or directed by the Eng1neer-1n-charge, the ingre

dients for lime mortar shall be proportioned by volume. 

8. (a) Mortar fa, Masonry and 8rickwork 

Thoroughly slaked and screened scone lime1kank:,.r lime and surkhi1sand shall be 
me:,.sured in boxes ;ind mixed on :i pucca platform or in a mixing trough as specified. 
The troughs, if used, shall be c:ipable of being washed and drained. These ingredients 

i;hall be mixed twice in a dry state and then ground in a grinding mill with a quantity 

cf water sufficient to produce a mortar of specified consistency. 

(b) Mortar for Plastering or Pointing 

Unless otherwise specified one p:irt of lime mixed with two parts of surkhi by 
volume shall be kept under water for at least 12 hours and then made to pass through 

a screen of llxl2 meshes to a square inch. Requisite colouring material shall be added 

to it and the morc:,.r applied as fresh as possible. 

10. The measurement of mortar, 1( required, shall be done by volume. The unit 
of measurement shall be I 00 cubic feet . 

J I. The unit rate shall include the c;osc of stone lime/kanker lime, sand1surkhi, 
and water and the preparation of mortar as per above specifications at the site of work 
to be defined 1n the condition: of contrac;t 

NO, 19,4 LIME CEMENT MORTAR 

Specifications 

I. lime cer:i~nt monar shall consist of portland cement, slaked scone lime, sand 
and water. 

2. Portland cement shall conform to Specification No. (3.3). 

3. Slaked lito,::i lime sh3II conform to Specification No. (3.2.). 

4. San1 shall conform to Specification No. (6.1 ). 

5. Water sh:ill conform to Specification N:>. (2.1 ). 

6. U:,less otherwise specified the ingredients of lime cement mortar shall be 
proportioned by volume. 

7. Thoroughly slaked and screen:.?d stone lime :ind sand in requisite quantities 
shall be thoroughly mixed and then a necessary quantity of cement shall be added. 
When this has been uniformly mixed a quantity of water sufficient to give a mortar of 
desired consistency sh:ill be added through a fine rose. 
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Precautions 

Measurement 

Rate 

Composition 

Alumina Cement 

Crushed Fire-brick 

Water 

Other Respects 

8. Any mortar which has not been used within JO minutes of the addition of 

water shall be discarded. At the close of day's work, the mixing troughs and p1ns 

shall be thoroughly washed and cleaned. 

9, The measurement of mort:ir, if required, shall be done by volume. The u.1it 

of measurment shall be I 01) cubic feet. 

10. The unit rate shill include the cost of portland cement, slaked sto ne lime, 

sand and water and the preparation of morur as per above specifications at the s ite 

of work to be defined in the conditions of contract. 

19.5 MORTAR FOR FIRE-CLAY BRICKWORK 

Specifications 

I. Unless otherwise Si>ec1fied the 'llorur shaii C1J;i;,st of a!umina c,:mcr,t, : rush t> d 
fire bricks graded as sand and water. 

2, Alumina cement shall .:onform to S'.)ecifr::a:ion No. 13.3J. 

3. Cru~hcd fire brick gr:1ded ;is s:ind sh)!i coni . .:,rm to S;>c ::,fi::1tio:1 No. 6. 1 for 
fine aggregate. 

4. Water shall conform to Spec,frcatio, No, 2.1. 

S, In all other re1pec:u the mortar snail conform to Specifrc:.u .on No. 19.2 of 
cement morta ·. 
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CONCRETE 

Introduction 

A proper proportion of cement, water and fine and coarse aggregate, when 

thoroughly mixed, produces a pbstic mateml called concrete. It has the following 

properties:-

l•) While fresh. 1t can be pbced in an economical and uniform manner and 

moulded into a desired shape. 

t il) When hardened, it i~ quite strong and durable. The hardening process 

(hydration) continues indefinitely under favourable moisture and tem
perature conditions, with a gener:11 improvement in the quality of the 

concrete. 

Concrete 1s used in works ranging from small repairs or replacement jobs to 
massive structures such as dams. Apart from the consideration of size the jobs differ 
widely in respect of the types of construction and thus require concrete of different 

qualities. It is, therefore, necessary to carefully select the constituent materials and 
mix them in such a manner as to get the specia.l qualities required as economically as 

possible. For Instance the qualities required in :in engineering structure are generally 
weather resistance and strength on which the designer has based his calculations. In 
roads, concrete must be strong enough to sustain the pounding action of heavy and 

fast-moving traffic. In water towers and reservoir s, it must be Impermeable. In 
foundations, it may be required to resist the disintegrating action of sulphates in the 

soU. Similarly sea structures must be resiuant to the chemical attack of salts and to 

abrasive action. Concrete floors, in addition to abrasion by foot traffic and all types 
of vehicles, are often subjected to chemical attack by various sources. Other qua
lities, required in certain circumstances, include light-weight, therm:il insulation, and 

Impedance to X-rays or the products of nuclear fission. 

Some special types of construction like piling, dock work, mass concrete dams, 

tunnel work call for a special technique. Similarly, the laying of concrete floors such 
as granolithic, the moulding of cast stone, precast concrete staircase units, concrete 
railway sleepers, fence posts, paving flags, kerbs, garden ornaments, and other Items 
require individual modifications in procedure. Light-weight concrete and open

textured concrete form other classes of concrete product. 

The selection of materials and method of construction is not easy, since many 

variables affect the quality of the concrete, :ind both quality and economy must be 
considered. Concrete of the same strength may be produced by a lean mix which Is 
difficult to place, as by a somewhat richer and more plastic mix which is easy to place. 
In such a case it is probable that the increJsed cost of cement in the richer mix would 
be offset by the saving in the cost of Its placing, In additlon, the finish of the richer 
mix would in all probability be bettef, Other properties of the concrete are, of 
course, affected by an increased cement content, and must be considered according to 
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their relative importance. It would be poor economy to aim at perfection in ever)· 

property of concrete whereas, by a Judicious choice of the constituents and correct 
proportioning, a balance can be achieved to satisfy all reasonable requirements of the 

structure for sevlceable life, safety and appearance. 

Concrete has certain limitations and disadvantages which should be kept in view 
by both the designer and the builder in order to eliminate difficulties In construction, 

and cracking and other structural weaknesses th:it detract from the appearance, ser
viceability and life of the structure. 

The principal limitations and d isadvantages are:-

• LOW TENSILE STRENGTH- In view of the low tensile strength of concrete, 

members which are subjected to tensile stress must be reinforced with steel bars 
or mesh. 

• DR.YING. SHRINKAGE. AND MOISTURE MOVEMENT-Concrete shrinks as It 
dries, and even when hardened, expands and contracts with wetting and drying. 
This characteristic necessitates t he provision of contraction Joints at Intervals to 
avoid unseemly cracks. 

• THERMAL MOVEMENT-Concrete expands and contracts with changes In 
temperature at roughly the same rate as steel. Expansion joints must be provided 
In many types of structure to prevent failures. 

• PE.RME.A81LITY-Even the best concrete is not entirely impervious to moisture, 
and contains soluble compounds which m.iy be leached out to a varying extent by 
water. Joints, unless special attention is given to their construction, are apt to 
form channels for the Ingress of water. 

Impermeability is particularly Important In reinforced concrete where reliance Is 

placed on the concrete cover to prevent the rusting of the steel. 

A list of variables likely to occur during the manufacture of concrete Is given In 
the following table. Whtie the list Is not exhaustive. It does give some Indication of 
the possible sources of variation in strength and other properties. 

2S6 

(A) MATERIALS: 

(I) Cement 

(l) Fine aggregate 

(3) Coarse aggregate 

(•) Water. 

LIST OF VARIABLES 

(a) Grading 
tb) Moisture content 
( c) Silt 

(d) Cleanliness 
(e) Bulking. 

(a) Grading. 
(b) Moisture content 

l c) Cleanliness. 

(8) METHCOS OF BATCHING AND MIXING 

(I) By volume. (a) Moisture content of aggregate 

' 
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{2,By-weighc 

(b) Bulking of sand. 
(c) Accuracy of measurement. 

t~) Holnur.e.....content-oLaggregalt 
(b) Accuracy of measurement. 

l3) Loss of materials entering mixer. 

(4) Efficiency of mixer. 

(C) METHODS Of C1JNST'?.l.:Ci ION 

(I) Compaction. 

(2) Curing. 

l3) Weather conditions during placing and 
curing of concrete. 

The properties of concrete should be considered in relation to the quality required 
for any given construction purpose. The closest practicable approach to perfection 
In every property would result In poor economy under many conditions, and the most 
desirable structure is the one in which concrete has been designed with the correct 
emphasis on e3ch of Its properties and not solely for obtaining, say, the maximum 
possible strength. 

Although the ;malnment of the maximum strength should not be the sole criterion 
~ :n design, the measurement of the crushing strength of concrete cubes provides a means 

of maintaining a uniform standard of quality and, in fact, Is the usual way of doing so. 
Since other properties of any particular mix are related to the crushing strength In 

L. ( some manner, It is probable that, as a ~ingle control test, It Is the most convenient and 
inform:itivc. 

I 
' I 
' t 
~ ,, 

l 

Concrete can be made having a strength In compression of anything up to about 
10,000 lb;. per square inch, depending mainly on the water-cement ratio and the 
degree of compaction. Crushing strengths of between 3,000 and 7,000 lbs. per square 
inch at 28 days .ire normally obtained on the site for mixes roughly equivalent to 
I :2:4 of cement: sand: gravel. In some types of precast concrete such as railway 
sleepers, strengths ranging from 6,000 to 10,000 lbs. per square inch at 28 days are 
obtained with rich mixes having a low water-cement ratio. 

The crushing strength of concrete Is Influenced by a number of factors, In addition 
to the w.iter-cement ratio .1nd the degree of compaction. The more Important 

factors are:-

• TYPE OF C!:·~i::NT AND /TS QUALITY 

o TYPE Ai'ID su;::F,~CE TEXTL'R!:. OF AGGREGATE-There is considerable evidence 
to suggest that some aggregates produce concrete of greater compressive and tensile 
strengths than smooth river gravels. 

• EFFIC/f.NCY IN CUR!NG-A loss In strength of up to about 40 per cent may 
result from premature drying out. Curing Is therefore of considerable Importance 
both In the field and in the making of tests. 

• TcMPERATURE-ln general, the rate of concrete hardening quickens by Increase 
in temperature. At freezing temperatures the crushing strength 111ay remain low 

for some time. 
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• AGE-Under normal conditions concrete increases in strength with age. The 

rate of increase depends on the type of cement. For instance, high alumina cement 
produces concrete with a crushing strength at 24 hours equal to that of normal 
Portland cement concrete at 28 days. Hilrdening continues for a number or 
years but at a much slower rate. 

The tensile strength of concrete varies from one-eighth of the compressive 

strength at early ages to about one·twentieth later. It is not usually taken into 
account for the purpose of designing the reinforced concrete structures. The tensile 
strength Is, however, of considerable importance In resisting cracking which is caused 
as a result of changes in moisture content or temperature. 

In practice the shearing of concrete is always accompanied by compression and 
tension caused by bending, and even in testing It is Impossible to eliminate an element 
of bending. Failure of concrete In shearing is therefore, due to failure of the material 

In tension. Such tests as have been made show that the shearing strength is about 
half of the compressive strength. 

Deformation of the concrete occurs when it is loaded and increases with the 
Increase In load, like steel and other materials. However, whereas steel deforms 
elastically at loads below the elastic limit so that the specimen returns to its original 

size when the load is removed, concrete deforms partly as a result of elastic str.iin, 
and partly as a result of plastic strain or creep. 

The common measure of the elastic properties of a material is the modulus of 

elastlclty, which Is the ratio of the applied stress to the deformation per unit length 
resulting from the application of that stress. 

f WL 
Then, E- e = AX 

Where E Is the modulus of elasticity. 

f-: is the applied stress, W being the load, and A the cross 

sectional area. 

e = 1 -ls the deformation per unit length or strain, X being the deformation 

under load W, and L Is the length of member. 

Where A, X & L are measured in the same unit. 

The modulus of elasticity may be expressed in terms of compression, tension or 
shear. For concrete, It may be taken a.s the same in tension and compression. 
Although It Is not directly related to the other properties of concrete, higher strengths 
are usually accompanied by higher values of E. As concrete ages, its modulus of efa,s. 

tlcity increa.ses-a fact of some importance since a restrained concrete member which is 

already In a stage of strain due, for Instance, to cooling after the Initial h:irdenin6, 

becomes subjected to an increasing tensile stress. If completely restrained. the stress 
at any time would be given by the usual formula f-Ee. 

When compressed, concrete contracts longitudinally and expands laterally. The 
ratio of the lateral strain to the longitudinal strain is known as Poission's ratio. and 
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within the normal working range of loading has a value of about 0.08 to 0.18. Within 
this range it increases with increase in cement content, :in average value of I :2:-4 
LDncretc beiog..QJ.L The ratio also varies with the factors which affect other proper
!ies of the mJterlal. 

Some mention of plastic flow or creep ha~ already been made ,n connection with 
che moiulus of cl:lsciclty. Creep Is J non-e!Jstic deformation under load, believed 
co occur as :i result of the closure of internal voids. viscous flow of the cement-water 
paste, crystalline flow in aggregates. and the squeezing of water from the cement 
gel under load. In pr:i-::tice, creep and drying shrinkage usually occur simultaneously 
and are often confused: exceptions :ire dams, tunnels and other underground works, 
and massive structures where lmle or no drying out occurs . Creep Is useful In that it 
enables a reldJustment of stre ~. when local stresses of high intensity might otherwise 
result In failure of the structure. This Is p:irticul:irly true when concrete is reinforced 
with steel. In this case creep generally leads to a tr:insfcr of lo.!.d from the concrete to 
the steel. 

In prestressed concrete, creep has an adverse effect and reduces tension in the rein
forcement; It is therefore neceuary to increase the Initial pretensioning. Creep re
duces the tendency to crack In restrained concrete members by relieving stresses re

sulting from shrinkage. 

The creep of non-reinforced concrete Is approximately proportional to the stress 
within the normal range used in design, but as failure is approached the rate of creep 
Increases rapidly. The rate of creep is dependent on the following factors apart from 
the stresses imposed. 

• STRENGTH-An increase In strength usually leads to a reduction in creep. 
• CEMENT-Composition and fineness creep characteristics. At the same age 

concrete made with normal Portland cement has a greater creep than that made with 

rapid-hardening or 1luminous cement. 

,, PROPORTION OF MIX-Creep decre:ises as the water-cement ratio and the 
volume of cement paste decrease. The movement in :i very wet mix may be as much 

as twice than in a dry mix. 

• AGGREGAT.'.::-Creep inc:reases :is the aggregate becomes finer ; and It Is 

cenerally greater when porous aggregates are used. 

• CURING-Creep decreases as cement hydration proceeds so that c:oncrete kept 
continuously wet creeps less than that cured in air. 

• AGE-The rate of creep decreases as the concrete ages. 

There are two stages in the shrinkage of concrete. (1) An Initial stage in which 
shrinkage occurs while the concrete is still in a fluid or plutlc state. This happens 
because of various reasons like the loss of water by seepage through the forms ; absorp· 
tlon by the forms ; or in the case of roadwork by formation: and by evaporation. 
This shrinkage may be masked by the thermal expansion accompanying rise In tem
perature which results from the chemical reaction In the setting of the cement. (11) 
A later drying stage in which shrinkage occurs !s as the concrete hardens and Is allowed 
to dry. This may be accompanied by a thermal shrinkage as the concrete cools. 

The extent of "initial" shrinkage depends on the type of the curing arrangements 
and the extent to which water can be absorbed by shuttering or formation. It can 
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therefore be minimized by taktng proper precautions. The "later" shrinkage which 
occurs on account of the shrinkage of the cement gel is partly irreversible. It is only 

partly irreversible because on subsequent wetting it expands, although not sufficiently 

to recover its original volume. Further drying and wetting produce a practically 
reversible shrinkage and expansion. Continued immersion in W:\ter from the time of 
casting produces a slight expansion, but on drying the concrete shrinks as before. 

The extent of the drying ("later") shrink.ige varies with different cements, the 
richness of the mix, and the water content. It should be noted that the use of excess

Ive mixing water leads to a high shrinkage. The mineral character of the aggregat'a! 
also affects this shrinkage. In general, it is found that limc:.ton.? and the igneous rock 
aggregates give the least shrinkage, while flint gravel aggregates give the highen. 
These differences are, however, small compared with those re:ulting from changes in 

water-cement ratio and cement content. 

Th!? rate at which drying shrinkage occurs d~crea~cs as :he size of specimen In
creases. For instance, in the case of a smalt spec1 m:?n (2 or 3 i nd1es square) the drying 
shrinkage under constant temperature 3nd humidity ccndirions is virtually complete 
In less than a month, whereas ii bigger concrct':! sectior. (say 2 feet square) continues to 
shrink for several years under the same conditions. The r~r f'.' of shrink:ige is high dur
ing the first few days, and afterwards decreases gradually 1111th time. Cracking is not 
usually noticed till 6 months to 2 years after concreting. The slow drying of concrete 
as compared with quick drying tends to reduce cracking because of the comper1satlng 
effect, and because of Increased strength derived from the longer presence of moisture. 

In normal reinforced concrete, creep results in a compressive stress in the bars 

which themselves resist and reduce the overall drying shrinkage in the reinforced con
crete member. It is generally assumed that the drying shrlnk:ige of a reinforced con
crete member is half than that of a non-reinforced member, although the actual extent 
obviously depends on the amount of reinforcement used. 

In prestressed concrete, it is necessary to make an allowance for the relief of stress 
in the steel resulting from creep In the concrete and the steel, and dryi'~g shrinkage In 
the concrete. A good average value for the loss of prestress In the steel Is 20,000 lbs. 
per square Inell, althougt. ln poor concrete It may be as high as 50,000 lbs. per square 
Inch. Some authorities assess the loss ofprestress at between 12 and 18 per cent of the 
Initial steel stress. 

Shrinkage and moisture movements are important because they result In the crack
Ing of corifrete unless the stresses developed can be relieved by creep, or In the case of 
large areas by suitably placed joints. Thus noors, roads, roofs and long walls are sub
divided into panels or sections in order to control cracking. 

The therm::il coefficient of expansion and contraction Is the change in a unit length 
per degree change oftemperature. Its value varies a little with the richness ofthe mix 

and the water content, but for all practical purposes It may be taken as 5.5 x Io-,, per 
degree Fahrent.elt for unrestrained movement. For estimating the movement likely 

to occur In large masses of concrete it Is usually safe to assume a value of one-hatf than 

that given above, the other half belng absorbed by creep without a serious danger of 
cracking. 
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Thermal expan;ion .1nd contraction are often not uniform throughout a m.us of 

concrete. In the first place the chemical combination or cement and water is accom
_panled by the generation of 30 3ppreci3ble quantity of helt which c:in only escape to 
the surface by c onduction. lttollows tliit tl'ie targen:lre°1TI;1rr;the-higher-the-inter-nal 

temperatur.:? :it ;in ~arlt age compared vmh that :it che surface, with a consequent diff

erence in chermll shrinkage as the mass cc:>ls. This leads to the development of ten
sile stresses condJcive to cracking. 

In most struccur(!s :n-:l in roads, a tcmper.1cure gradient 1s produced in the con
crece either by artifi:i:il h.?ating or by t!le sun r.1ys. Differential thermal movements 
are induced which m1y 1n c1.?ruin cases cause warping and cracking. 

Thermal movc1nents must be taken into account 1n design by the prov1S1on of suit

able !!xp:rnsion joints. 

The us.?fol hfo of c.,ncrete 1s ordinarily limited by the distintegrating effects of:

o Weathering by r.iin and frosc, 3-, d expam,1 0!1 and con~ract1on resulting from 

alternate wetting and drying. 

• C:1c1111cal att,d. by such ag,mcies ;;s s~a wa.: .. r; moorland, m:.rsh and other 

waters: industrial chemic:1ls ~nd w:iste; sew:ige; animal :rnd vegeubt.:? oils, fats, grease: 

milk and sugars. 

• Wear by :ibr .;slon from fooc and vehicubr tr:iffic, wave :iction, and by water

borne aad wind-borne plrticlcs. 

Weathering by rain Jnd frost :1ction is r ~facive to watcrtightn.:?s~ or impermeabi· 

lity, since leaching and attack by the c~rbonlc lnd o ther 3cids present in r;iin w:iter, 

and disruption by frost :iction. de:pcnd on :he penetration of water into the surface. 

The qu.intity of cement in concrete docs not affect its res1star.ce to we:ithering to 

a very large extent unl::ss the cement con:e nt is not sufficient to fill the interstices bet· 
ween the aggregate. 

Concrete has a tendency to be porous because of the presence of voids which are 

formed during or after placing. In order co obtain workable mixes it is usually neces
sary to use a greater quantity of water th;in 1s necessary for chemical combination with 

the cement. This w:iter occupies space, and when it dries out, leaves behind air voids, 
Also there is a continual decrease in absolute volume of the reac.1n6 cement paste 
which occupies less volume than the fresh paste, whatever the water-cement ratio. 
In addition to these initi:illy water-occupied voids, there is always a small percentage of 
entrained air voids. 

If proper care is taken, Portl.ind cement concrete can be made sufficiently Imper
meable for most purposes without the addition of any special materials. 

From the above analysis of the cause of voids, it is clear that to make the densest 
and least permeable concrete, the water-cement ratio should be reduced to a 
minimum consistent with an adequate workability for thorough compaction without 
segregation. A compromise is, therefore, required between a low water-cement 
ratio and an adequate workability, and the best conditions will depend on the type of 

structure and the method of comp:iction. 
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Other factors influencing permeability .ire:-

• The soundness and poromy of the aggregate. 

• Permeability decreases with age. The decrease is greater for wet mi><cs 
than dry ones. 

• The grading of the aggregate should be chosen to give the most workable con
crete with the least amount of water. Harsh gradings, especially in the case of sand, 

should be avoided. 

• Curing has :in important influence, and it is partkularly necessary to keep the 

concrete moist during the first few days. 

Joints are the weakest point in a concrete structure. If impermeability is Impor

tant, it is advisable to provide some form of mechanical seal, since it is difficult to avoid 

local seepage owing to segregation, poor compaction or some other occurrence. 
Whether such measures are considered necessary or not, it is essential that every effort 
should be made to obtain a good bond. It is very difficult to measure permeability 
accurately, for tests are not generally made outside the research laboratory. 

Resistance to abrasion Is directly related to crushing strength. It Is generally 
safe to assume that concrete having the highest crushing strength has the greatest re
sistance to abrasion. Occasionally tests are m.ade on the wear of paving flags, by ex
posing them to abrasion by steel balls for 48 hours, and finding the loss In weight. A 
tough igneous rock aggregate is often preferred to harder and more brittle flint aggre
gate in paving concrete. 

Many tests have shown that finer cracks in fractured concrete wlll completely heal 
under moist conditions. Apparently when fracture occurs, unhydrated cement is 
exposed and In the presence of moisture hydrates and sets. 

When specifying concrete mixes, fixed proportions of cement, fine aggregate and 
coarse aggregate which have been found by experience to be suitable for the type of 
job In hand are usually stated. This arbitrary method of specifying the proportions is 
the most commonly used for big as well as small jobs. The mix consists or fixed pro
portions of cement, fine aggregate and coarse aggregate, such as I :2:4, I: Ii :3, depend
ing upon the type of construction for which It is being used. The fine-corase aggre
gate ratio is generally I :2 keeping in view the fact that most coarse aggregates have 
approximately SO per cent voids, but other ratios may also be used. 

Workability is fixed by the requirements of placing. A suitable quantity of water 
is added to secure concrete of the desired workability. The quantity of water that 
goes Into a batch therefore depends upon the mixerman's Judgment to secure uniform 
consistency, and permits the quallty of the concrete co vary with the variations In 
water content. To what extent the quality of the concrete may vary Is indicated in 
Table I where a I :2:4 concrete mixed with S½ gallons of water per bag of cement gives a 
strength of 4,850 p.s.i. As more w:iter Is added either through neglect or to meet the 
requirements of complic:ited placing, the strength decreases till with 61 gallons of water, 
it Is only 2,S<IO p.s I. Incidentally the table shows that the specimen with S gallons of 
water produced a mixture too stiff to compact properly and give a lower strength 

than the S~-gallon mix. A whole bag ( I cwt) of cement Is a convenient unit for 
measurement and the proportions of fine and coarse aggregate are very often 
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expressed as so many cubic feet co a bag of c~ment. As a bag of cement is 
considered to measure 1.2 cubic feet (90 lbs. to a cubic foot), a volumetric mix such as 
1:2:-4 could be expressed as I ewe of cement to 1.2:<2•2.4 cubic feet of sand to 
I 2 x 4 • 4 B cu bk feet of co:me aggr.eg~ 

Table 2 gives a list of concrete mixes usually specified and the type of work for 
which they are used. Th'? mixes are expressed in nominal volumetric proportions and 
also In terms of the volumes of fine and coarse aggregates required per I cwt bag of 
cement. The quantities of materials required to produce 100 cubic feet of concrete 
are also indicated. The m1in obj~:tio:,s to ch~ method of arbitrary proportions may 
be summed up as follows:-

• The lack of proper control over the qJlntity of water that goes into a batch of 
concrete produces a concrete of varying strength and density. 

• The fixed proportions of cement, fine aggregat~ :ind coars~ aggregate do not 
allow the use of favourable types and gradings of aggregltes to secure a workable mix at 
the least possible cost of materials, and without harm to the strength of the concrete. 

Other methods of proportioning the Ingredients of concrete aimed at obtaining 
the maximum density, minimum void space, the most economical cement content, mi
nimum surface area, or other objectives which would, theoretically, ensure the most 
desirable qualities In the resulting concrete, have been put forward from time to time 
but none have been found to be thoroughly satisfilctory in practice. The vast amount 
of research done In this regard has led to the establishment of certain fundamental laws 
and empirical relationship which govern the properties of plastic and hardened con· 
crete. With a thorough understanding of the available knowledge, It is possible to 
design concrete mixes for any given set of m.aterials and job conditions. These con
crete mhces will approximate predetermined characteristics. 

The design problem essentially is to combine the Ingredients of concrete-cement, 
water, fine aggregate and coarse aggregate In such practicable proportions that the 
concrete will have the required degree of workability, and on hardening will possess 
the stipulated strength and resistance against external agencies. le will be noted that 
a new method of specifying concrete Is implied In the above statement, What is 
specified Is not the proportions but the stren1th of concrete, and the contractor Is left 
free to operate the mix in the most economical way possible depending upon the 
physical properties of available materials. 

Before proceeding to describe the fundamental laws and relationships of concrete 
mixes and their application to .a procedure for design which has been adopted as a stan
dard of the American Concrete Institute, It may well be pointed out that the systema
tlntlon of mix design procedure owes Itself entirely to the fact that the volume of mix
ed concrete Is equal to the sum of the absolute volumes of its components (including 
admixtures, If any) with a plus correction for entrapped air and a minus correction for 
the volume of cement going Into solution with water. In well-compacted fresh con• 
crete, the volume of entrapped air is usually less than one per cent and c:an be dlsre• 
guded. If w-absolute volume of water, ,-absolute volume or cement, a and 
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b-absolute volumes of fine and coarse aggregates respectively, then, for all practical , 

purposes. 

w+a+b+c-1 

Even though the relation of the particles to each other in :i concrete mix is essentially 
one of absolute volumes and the analysis of a mix revolves about this relationship, It ~ .. 
is Impracticable to proportion materials in the field In terms or absolute volume. Pro-
portioning by bulk volume Is often employed but, as will be seen later, it Is not suscep-
tible to uniform control. W~lght proportioning of concr~te materials satisfies all the 
basic absolute volume relationship~ and yet eliminates most or the practical difficulties 
In accurate field control because the absolute volume or a material is related to its 
weight and specific gravity as follows :-

•b I v I Weight of material 
" so ute o ume= - . Apparent sp1:dfic gravity ,, unit weight of water 

Substituting weight :ind specific gr:ivities for absolute volumes In the previous formula. 

Ww 
Ix 62.4 

..!- We Wa Wb 
Scx62.'4 + Sa ;.-62.'4 + Sb 62.'4=volume in cubic feet . 

where Ww. We, Wa and Wb are the weights and I. Sc, Sa, and Sb are the specific 
gravities of water, cement, fine aggregate and coane aggregate respectively. 

The first and most important law upon which the design of concrete mixtures is 
based describes the relationship between the properties of the hudened concrete and 
the qu.intity of mixing water used, and was enunci;i.tcd in 1918 by Duff Abrams. This 

law may be stated as follows: 

For plastic mixtures, using sound :ind c:lean :iggregates, the str.?ngth and other 
desirable properties of concrete under given job conditions are governed by the net 
quantity of mixing water used per bag of cement . 

The law, known as the water-cement ratio law, was firn established with respect to 
compressive strength. Subsequent studies. however, have shown that It applies equally 
well to flexural and tensile strength, to the resistance of concrete to wear, and to the 
bond between concrete and steel. Still more recent investigations have enablished that 
the properties of watertightness and resistance to weathering are in the same way con
trolled by the proportion of water to cement. It should be noted that In the state
ment of the water-cement ratio law, Its application is limited to plastic mixtures and 
to given job condition:;. In the laboratory studies leading to the discovery of this prin
ciple It was found that, unless the mixtures were of such consistency that they could 
be readily moulded Into a dense, compact mass, the strength result did not conform 
to the general relationship. Likewise in the stud ies of watertightness, it was found 
that, unless the mixtures were c:isily placeable and were at the same time not so fluid 
as to segregate in placing, no regular relationship existed between watertightness and 
quantity of mlxin1 water. The need for this plastic consistency during construction Is 
just as Important as In laboratory studiei if tha concrete in the structure Is to have the 
properties for which it Is being designed. The reference to given job conditions app
lies to the various conditions peculiar to a job, such as the characteristics of the mater
ials In use, the methods of mixing and handling and the temperuure and moisture con
.. ltlons under which the concrete cures. 
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It wilt be seen that the quantity of mixing water governs the quality of the cement 

paste, upon which In turn depends the properties of the hardened concrete. The 
quantity of fine and coarse aggregate does not affect the strength of the concrete, pro
vided of course the concren ttuulri,lastic--.md-workable, -As-aggregate .i$_.cheapu 
than cement paste. it Is economlc:il to use as much aggregate as possible. However, 
the greater the quantity of aggregate the greater the stiffness of the concrete, which 
makes It morie difficult and costly to place properly in the forms. This faet must be 
kept In mind when estimating the economic advantage of adding aggregate in order to 

save cement. 

Designing a concrete mix, therefore, consists of two operations : 

(a) To select the water-cement rat io which wlll produce concrete of the desired 
durability and strength, and 

(b) to find the most suitable combination of aggregates which will give the 
necessary workability when mixed with cement and water in this ratio. 

The selec:ion of the water-cement rat io as a basis for designing a concrete mix
ture Involves consideration of both the degree of exposure to which the concrete ls to 
be subjected and the strength requirements of the structure. Because of the high 
strengths that are now obtained with Portland cement, it is possible to provide ample 
strength for mon exposed structures, if the requirements of exposure are properly 
cared for. For this reason the first step In designing mixtures should be to select the 
water-cement ratio necessary to meet the degree or exposure. Table 3 gives the 
recommended water-cement ratios which experimental data and field examinations of 
structures In service have shown and will Insure durable structures If used with good 
materials and careful mixing, placing and curing. If a strength higher than one that 
can be expected from this water-cement ratio, Is needed th:n a ratio appropriate for 
this requirement can be chosen as described below. 

WATER-CEMENT RATIO FOR STRENGTH. On any specific job the relationship be
tween the water·cement ratio and strength should be determined by a series of tesu 
and plotted as shown in Fig. I. The curves In this figure represent a fair average of the 
strengths that may be expected with modern cements on a fob where all the materials, 
including water, are controlled. If it Is not possible to carry out tests and plot a job 
curve, the water-cement ratio required for a given strength may be determined from 
these curves or from Table 4. The engineer must, however, use his discretion as to 
what values he would use bearing In mind his particular job conditions. There Is 
generally a very considerable variation In the strength of concrete obtained In the 
field, the amount of variation depending principally upon the accuracy or the batching 
and control operations and on the uniformity of the raw materials used. Table S Is a 
rough guide to the ratio or average to minimum strengths that might occur in typical 
works. Strictly speaking, however, ·an absolute minimum strength cannot be &lven 
in this way, as there Is always a chance of a very low result occurring sporadically. 
The value for minimum strength given In the table Is that which would normally be 
expected to occur In, say, several hundred test results. 

The next consideration In the design of a concrete mix Is Its handling and placing 
requirements. In describing the character of fresh concrete, three terms are most of

ten used-consistency, plasticity and workability. 
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Consistency Is a general term referring to the state of fluidity from the driest to 
the wettest possible mixtures. It requires a qualifying term for definiteness. 

The term plastlclty Is used to describe a consistency of concrete which can be 
readily moulded but which permits the fresh concrete to change for111 slowly if the 
mould Is removed. A plastic mass does not crumble but flows sluggishly without se
gregation as In the wetter mixtures. Thus, neither the very dry, crumbly mixes nor 
the very fluid, watery mixes have plastic consistency. 

The t.,m workability Is used to describe the case or difficulty with which con
crete Is placed between the forms. In this respect the various condltions under which 
concrete Is placed-size and shape of the member, space between inforcement bars 
or other details Interfering with the ready filling of the forms-have to be taken Into 
account. A stiff plastic mixture with large aggregate which is workable In an open 
form would not be workable, for example, In a thin wall with complicated reinforce
ment details. 

Under conditions of uniform operation, however, changes in consistency as Indi
cated by the slump are useful In showing changes In the character of the material, the 
proportions, or In the water-cement ratio. A range of slumps suitable for various 
types of construction Is given in Table 6 and a value falling within the Indicated limits 
should be used, If mixes which are too stiff or too wet are to be avoided. 

For a given set of materials and water-cement ratio, the unit water content (water 
required per cubic yard of concrete) Is another Important, basic factor aft'ectlng the 
quality of concrete. In 192'1 F.R. Mcmillan called attention to the fact that the con
sistency of a concrete mix, for a given type and grading of aggregates, Is determined by 
the water-content, and remains very nearly constant regardless of the richness of ce
ment content. Fig. 2 gives an analysis of different concrete mixes, rich and lean In 
cement content, buc having a uniform consistency (slump 2 to 3 Inches). With the 
same grading of aggregates and a fine-coarse ratio of I :2, the net water-content per 
unit of concrete Is shown to remain constant for all mixes. It follows that If the ab
solute volume of water per cubic yard Is constant, the absolute volume or solids per 
cubic yard must also be constant. In order to change a lean mix into a rich mix (using 
the same materials and same slump) a certain absolute volume of cement has to be added 
and the same absolute volume of aggregate has to be reduced. In other words, It 
means that If water content Is kept constant cement may be Interchanged with aggre· 
gate by absolute volume without change In consistency. 

As It will be seen later, the rule finds application in the adjustment or concrete 
mixes. When the trial mix has been brought to the required slump the water-cement 
ratio Is usually different from the one stipulated. As cement content Is inversely 
proportional to the water-cement ratio, an Increase In water-cement ratio will mean 
chat a part of the cement should be replaced by an equal solid volume of aggregate. 
The method Is reversed If the water-cement ratio is to be decreased. 

The characteristics of aggregates such as ma><lmum particle size, particle shape 
and texture, grading, the proportion of fine to coarse aggregate, etc., have an Important 
bearing on the properties of concrete mixes. Generally speaking, cost and availability 
affect the selection of aggregates, but for the purpose of this discussion, It will be as
sumed that such considerations are on an equal basis, 
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The use of che largest practicable size of coarse aggregate reduces both 
cement and water content required for a given slump and water-cement ratio. Flg.3 

Maximum Size 
of A1grepte 

based on laboratory and field data, Illustrates t he lnOu:ence of slze..ctaggr:egar.e....on...th,..__ ____________ _ 
cement content of concrete of a given slump and the quality of paste. It will be noted 
that there Is a marked economy In use of cement as the maximum size Is Increased up 
to about 3 Inches. From a practical point of view, the maximum size of aggregate Is 
controlled by the handling, mixing and placing equipment, the thickness of section 
and the space between reinforcement bars. Satisfactory results have been obtained 
with concrete containing a maximum size of 9 Inches for mass work, but experience 
:i.hows that 6 inches is the largest size of aggregate that can be handled efficlently for 
mixing, transporting and placing with the desired degree of uniformity. The maxi-
mum size for thin, reinforced work seems fairly well established at not more than one-
fifth of the narrowest dimension of the forms or two-thirds of the clear distance bet-
ween the bars. Table 7 gives recommended values of the maximum size of aggregate 
for various types of construction. 

It Is well-known that aggregates made up largely of particles which are angular, 
flat, elongated, flaky, or splintery and have rough surface, decrease the workability 
of concrete, and necessitate more highly sanded mixes and a consequent use of more 
cement and water. It Is, therefore, nec:essary to limit the quantity of such particles, 
Stone screenings or "stone und", produced as a by-product In crushing rock, is some-
times used as fine aggregate. Owing to the roughness of particles and thin splintery 
shape, stone sand requires more cement paste than natural sand to produce a given 
consistency. While using stone sand, Its relative economy, vis-a-vis the use of natural 
sand, to produce concrete of the required qualities should be the determining faaor. 

For any given degree of workability, the proportion of fine to coarse aggregate 
varies with the water content of the paste. The optimum percentage of fine aggre
gate for a concrete mix is that quantity which requires the lowest unit water content, 
and provides the required degree of workabllity with an adequate margin to prevent 
difficulties from variations in working conditions and materials, Obviously, for a 
given water-cement ratio, the mix requiring the lowest water content will aJso re-
quire the least quantity of cement. Fig.4 Indicates the relationship of paste content to 
sand. It shows that smaller or greater percentages than the optimum will requlr• 
more paste. Points on the c:urve to the left of the optimum repre:i.ent mixes that 
would be too harsh unless additional cement paste was used. Polnu to the right of 
the optimum represent mixes that would be too stiff owing to the Increased sand, and 
again additional paste Is required to maintain the workability. This curve Is for con-
crete of medium consistency, but similar curves could be drawn for other conslstencl• 
and other aggregate gradings. 

The optimum percentage of sand can be determined to best advantage, on the job, 
under working conditions. However, laboratory mix tests with the materials to be 
used In the work will provide Information permitting a close approximation to the 
proper proportion. When laboratory tests cannot be made, the values for sand and 
water content may be taken from Table 8 which has been prepared from a composlt• 
of data, Information, and e>eperlence from many source:i.. 

It Is sometimes stated that the best proportion of fine and coarse aggregate Is th• 
one that gives the maximum density of mixed aggregate. This Is not necessarily true, 
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as shown in Fig. 5 which gives relationships between the percentage of sand and water-
cement ratio of the paste and the workability of the mixtures. The gradings of sand and 
coarse aggregate were the same in all of these tesu, the maximum size of coarse aggre
gate being It Inches. The curves, each representing a different degree of workability, 
indicate the proportions of sand which required the least quantity of cement paste. 

The cross-hatched area represents the proportion of sand which gave the maximum 
density of mixed aggregate. It will be noted that the optimum percentage of sand 
differs considerably from this percentage for mixtures of low water-cement.ratio and 

for stiffer consistencies. 

The proper proportions of fine and coarse aggregates are also affected by the grad
ing of each aggregate. Table 9 gives results of tests In which the same grading of sand 
was used throughout but the grading of coarse aggregate varied, the maximum size 
being It Inches In each case. A constant water-cement ratio and degree of workability 
were used. 

It will be noted that the cement requirement did not vary when the optimum 
amount of sand was used, but the requirement changed considerably with an arbitrary 
percentage of sand. In all later cases, the requirement of cement was higher. If a 
constant cement factor Is used, the optimum amount of sand as described above will 
produce a mixture requiring the least quantity of water for a given consistency and 
therefore will produce the best concrete. 

The grading of the fine aggregate also influences the desirable proportions. Fig. 6 
shows the effect ofthis grading on cement requirements of concretes of similar strength 
and workability. Three different types of sands were combined with coarse aggregate 
or the same gradation, and as will be seen In Fig. 6, there was a considerable difference 
In cement content for a given percentage of sand. For example, at '4S per cent sand 
the cement content varied from 3.9 to '4.S bags per cubic yard of concrete. On the 
other hand, when the optimum amount of sand was used, as represented by the lowest 
point or each curve, there was little difference in cement content. There are many 
theories on the best grading for aggregates to produce maximum workabllity and 
economy, and "Ideal" gradings have been much discussed. An ideal grading would 
vary somewhat with the type of aggregate, with the degree of workability desired, and 
with the amount of cement in the mixture. It may be possible to produce one or more 
Ideal gradings for the specific conditions of a given job, but this would be practicable 
only on large Jobs and even there might not be economical. Practical considerations 
in the production of aggregates usually limit selection to a few materials which have 
been produced to meet the requirements of most concrete work. There are, 
however, certain fundamentals which should be understood. 

As seen from Fig. 6 there is little difference In cement requirement In concrete 
whether fine sand or coarse sand is used, provided the quantity of sand is optimum. 
In general, the percentage of sand should be less when it Is fine than when it Is coarse. 
There are certain objeetlons, however, to using very fine sand such as plaster sand or 
beach sand because it is difficult to avoid segregation when fine sand is mhced with 
coarse aggregate. There Is also a tendency for too much mortar to come to the sur
face. The finer the sand, the more likely It is made up predominantly of one or two 
sizes. It Is, therefore, generally accepted that coarsely-graded sands are most desir
able. On the other hand, all sands must contain a sufficient quantity of fine particles 
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In order to produce a mortar of good workability. Specifications usually permit 1 

rather wide range In the quintity of m1terlal passing the 52-mesh sieve being 5 to 30 
per ( U t IrusJ.ower limit ma.1 be sufficient in relatively rich ~ ~nder ea!r _placing 
conditions and with mechan ical finishing as for pavements. But it is not sufficient i;
the usual mixes used in wall construction. where the minimum should be 10 per cent 
and where 15 to 30 per cent gives better results . A grading of sand In which one or 
two particle sizes predominate, should be avoided. Such a sand has a large 
void content and therefore requires a large amount of cement-water paste to produce 
a workable mixture. Fig. 7 gives the grading limits of both fine and coarse aggregate 3s 

specified In British Standard Specification No. 8!32: 19,.-4, and curves representing sieve 
analysis should lie between these lines. 

To recapitulate briefly the principles involved in the design of concrete mixes are 
that strength and durability depend upon the water-cement ratio, consistency depends 
upon the unit water content, and workability depends upon consistency, the propor
tion of fine·coarse aggregate, and other aggregate characteristics. A simple design 
procedure based on these relationships Is given below. The five steps Involved In the 
determination of a trial mix for initial field use ::are:-

1. Select the water-cement ratio necessary to produce concrete of the required 
durability and specified strength. Table 3 gives recommended values for va
rious types of construction and exposure conditions. The water•cement 
ratio for specified strength should be determined by test. When this Is not 
practicable, values may be selected from Table '1. The lower of the two 
values obtained should be used. 

2. Select the lowest slump that will permit proper h.1ndltng and consolidation of 
the concrete under the Job conditions involved. Table 5 gives recommended 

values. . 
) . Determine the largest size of available aggregate which will be suitable for 

placing under job conditions . Table 6 gives recommended values. 

" · Estimate from test data or from Table 7 the minimum proportion of fine to 
coarse aggregate and the lowest unit water content that will give the required 

degree of workability. 

S. Compute the trial mix proportions. Make adjustments in succeeding batches. 
If the amount of water used In item '1 is more than for the water-cement ratio, 
decrease the amount of aggregate added to the batch, and if it is less, increase 
the amount of aggregate. It may be desirable also to Increase or decrease 
the percentage of sand slightly to secure the most suitable mix for conditions 
prevailing on the Job. An under-sanded mix is Indicated by hardness, diffi
culty In placing, and by stone pockets and honeycomb In the hardened con

crete. An over-sanded mix is indicated by an excess of mortar. 

Assume a project which involves an ordinary heavily reinforced retaining wall having 
a minimum thickness of B Inches. The wall has been designed on the basis of a cube 
crushing strength of 3500 psi at 28 days. Ordinary Portland cement will be used and 
concrete will be controlled as accurately as possible with weight batching and good 
supervision. Consolidation will be by vibration. A trial concrete mix Is required to 
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start construalon. The following Information regarding the materials to be used on 

the Job Is available: 

Cement 

Sand 

Coarse 
Aggregate 

Ordinary Portland. 

Specific gravlty-3.15 (assumed). 

River sand, damp. 
Medium fineness and grading. 

Specific gravlty-2.65 (saturated, surface-dry). 
Free moisture content-5 per cent by weight. 

Crushed stone (saturated, surface-dry), 
Reasonably well-graded, angular. 
Specific gravity-2.80 (saturated, surface-dry). 
Absorption of water-negligible. 

from Table 3 It Is found that a water-cement ratio of 0.5'4 (6 gallons per bag of 
cement) Is the maximum which should be used for the type of structure and service 
conditions Involved. Table 5 shows that under conditions of accurate control of 
concrete with weight batching, the minimum strength may be expected to be about 
75 per cent of the average strength. The average strength to be aimed at In the mix 

100 
design procedure would, therefore, be 75 x 3500 = 4700 psi at 28 days, which (as 

shown In Table '4) requires a water-cement ratio of 6 gallons per bag. From Tables 6 
and 7 It Is concluded that a 3•1nch slump and l~lnch maximum size of aggregate 
wlll be satisfactory. 

On the basis of Information given In Table 8, it is estimated that the percentage 
ofsand for the trial mix should be 36 by absolute volume of the total aggregate, and 
that 30S lbs. (30¼ gallons) of water will be required per cubic yard of concrete. 
(Actually the water content may be more or less than the estimated amount as deter

mined by the amount of Wolter required for a 3-lnch slump when a trial batch Is mixed 
In the laboratory or on the Job.) 

-
-
= 

-
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CEMENT CONTENT 

i Net water content I 

! Water-cement ratio \ 

305 . 
0.54-=565 lbs. per cubic yard. 

565 
m=S.05 bags per cubic yard. 

l Absolute volume 
( Water+ cement 

Water cont.en~ + Cement content 
62.4 Specific gravity x 62.'4 

305 
61.'4 + 

S6S 
3.15 X 61.'4 

7.77 cubic feet per cubic yard of concrete 

\ Absolute volume I 
( totof a,rregate ~ 
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27- \ Absolute volume l 
~ Water+cement ) 

21-1.n 

19.23 cubic feet per cubic yard of concrete 

i Absolute volume l 
t sand ) 

Percent sand x 

0.36 X 19.23 

, Absolute volume l 
~ total aggregate ) 

= 6.93 cubic feet per cubic yard of concrete 

\ Absolute volume i 
( colorse a,iregate ) 

- i Absolute volume) i 
~ total aggregate) ~ 

\ Absolute volume I 
( sand } 

-
-

--
= 

-
= 
-

-
= 
= 

19.23 - 6.93 

12.30 cubic feet per cubic yard of concrete (sand 

content) 

Absolute volume x specific gravity x 62.4 

6.93 X 2.65 X 62.4 

1149 lbs. per cubic yard of concrete 
(coarse aggregate content). 

12.)0 X 2.80 X 62.4, 

2150 lbs. per cubic yard of concrete 

Trail mix proportions 

56S 
S65 

1149 
565 : 

2150 
565 -

2.03 : 3.8 

2 : 3.8, say. 

This mix provides a starting point for field operations. The equipment available on 
the Job includes a one.bag batch mixer equipped with a water tank which Is calibrated 
In ·gallons, and batching scaled for weighing the separated sizes of und and coarse 

auregate. 

Cement Is to be batched on the basis of whole bags. Each batch will, therefore, 
contain 112 lbs. of cement. The batch weights of sand and coarse aggregate will be: 

Sand-1149 x 1!! - 228 lbs. (net) to which must be added the weight of the 

free moisture In the sand: 

228 7 (0.05 X 228). 

a:239 lbs. damp sand 

112 
Coane aggregate- 2150 -: S6S = 426 lbs. 
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SlumpTMt 

Once a satisfactorily proportioned concrete has been produced the only problem 
would be to ensure Its continuous supply to the place of deposit. Each batch of 
concrete should be as nearly like the other batches as possible. Uniformity In this 
sense refers not only to the water-cement ratio (and therefore strength) but also to 
consistency since nothing so disorganizes the work or placing as varying consistencies 
of concrete. 

Essential factors in the proper control of the quality of concrete in the field may 
be summarized as follows: 

CONTROL Tc.STS-These tests are required for making proper adjustments in the 
mix for variations in the materials, so that uniform batches .arc turned out all the 
time. 

MEASUREMENTS OF MATE:RfALS-Materlals should be accurately measured so 
th.at quantities are uniform from batch to batch. 

MIXING OF CONCF.£Tf-Mhcing should be thorough enough to distribute the 
materials uniformly and spread the cement-water paste evenly on the surfaces of the 
aggregate. 

TRANSPORTING. PLACING, COMPACTING AND FINISHING-Concrete should be 
conveyed, placed, and compacted without segregation. Compaction should be so 
thorough as to flll all parts of the forms, eliminate air and rock pockets, and form a bond 
with adjacent steel or concrete. Finishing should produce a dense surface free from 
excessive shrinkage. 

CURING-Concrete should be adequately cured so as to realize its full potential 
strength. 

FOLLOW-TESTS-These tests are required to confirm the quality of concrete. 

As mentioned earlier a test that will indic.ite changes in consistency Is the slump 
test. The apparatus consists of a metal cone, '4-inch diameter at the top, 8-lnch diameter 
at the bottom and 12-inch high, and a meul tamping rod 2 feet long and ~-inch diame· 
ter, bullet pointed at the tamping end. The cone should be first Inspected to make 
sure that the Internal surface is clean, dry and free from set cement. It Is then 
placed on a smooth, flat, Impervious surface such as a steel plate, the oper.itor holding 
It firmly In place by standing on the foot pieces. The cone is then filled with freshly 
mixed concrete to about one-fourth of its height and tamped with 25 strokes of the 
rod. The filling Is completed In successive layers similar to the first and the top struck 
off level with a trowel. Immediately afterwards, the cone Is removed by lifting verti· 
cally, the moulded concrete allowed to subside, and the height of the specimen measur
ed after coming to rest. The consistency Is then recorded In terms of inches or sub· 
sldence or the specimen during the test, which is known as the slump. The Idea in 
controlling the slump Is to control directly the consistency and workability necessary 
for concrete placement, and Indirectly the water-cement ratio; the principle being 
that repeated batches of the same mix having the same consistency will have the same 
water content and consequently the same water-cement ratio provided factors like 
batch weights or volumes, aggregate grading, and temperature of materials .are 
practically uniform. fortunately variations In water content have a much more pro· 
nounced effect on slump than variations In the factors mentioned above. Hence on 
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jobs where gradin, and batching are properly controlled, slump variations will reflect 
variations In water content and water-cement ratio. 

> • Wooden batch boxu.Jocall)l-known.~rnaduouh~puq20lUdllatc~ _ ~um.e...Batcbin._1---
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lng by volume. The boxes should be able to measure the correct quantity of aggregates 
to be used with a I-cwt bag of cement for the required mix. They should not be made 
so large as to be unwieldy; it is preferable to have a box that will contain, say, half 
the required quantity of material and could be filled twice. The Joints of the boxes 
are usually nailed, sometimes screwed, and occasionally bolted. The board 
thickness should not be less than I-! Inches, and the handles should be shaped to 
provide an easy grip. 

The system of expressing mix proportions and batching materials by volume leads Wei1h Batchin1 
to inaccuracies In as much as a cubic foot or a cubic yard of concrete aggregate Is an 
Indefinite quantity. A cwt or a ton of aggregate, on the other hand, Is a definite 
quantity. Furthermore, the weight of any concrete material is directly re• 
lated, through specific gravity, to the solid space which the material occupies In 
the concrete. The weight system of measurement Is, therefore, logical and makes 
for accuracy, flexibility and simplicity in batching. Weigh batching arrangements and 
equipments vary with the size of Job. These Include folding weigh batchers and 
portable attachments to be fixed on concrete mixers to batching plants of every des
cription and should be selected according to the requirements of the Job. 

In order to mix concrete In a satisfactory manner the various materials should 
be uniformly distributed through the concrete mass and the cement water paste 
should completely cover the surface area of the aggregate. Concrete can be mixed 
either by hand or by machine, but the machine process Is more efficient and 
produces concrete or a better quality at a faster rate and generally at a lesser cost. 
Mixing by hand :should be allowed on very small and unimportant workJ. In all cases 
where the mixing of concrete is done by hand an additional 10 per cent of cement 
must be used and the engineer should Insist on a thorough and long-continued mixing • 

The use of mixers Is, however, more usual, even for small jobs. A mixer should 
have sufficient capi1Clty to cater for the demand without speeding the machine or 
reducing the mixing time below the :specified period, and without overloading It above 
Its rated capacity. In case of greater demand, a larger mixer or additional mixers 
should be used. A mixing time of not less than two minutes after all materials have 
been put in the mixer drum Is generally recognized as a satisfactory period for mixers 
having capacity up to one cubic yard. For mixers of a larger capacity the time should 
be Increased at the rate of IS seconds or more for each cubic yard or fraction thereof. 
While small changes In the speed with which the mixer drum revolves have little 
effect on the strength of concrete, mixing time has an Important bearing on this quality. 
Tests show that the strength of concrete is Increased by longer periods of mixing. 
Typical values from these tests have been plotted In Fig. 8. The rapid increase In 
strength for different periods of mixing up to about two minutes can be :seen on these 
curves. For Instance the concrete mixed for two minutes Is stronger by 20 to 35 per 
cent than the concrete mixed only for 15 seconds. 

Thorough mixing also makes for a more uniform concrete. Specimens of con
crete mixed for only 15 seconds show 3 variation In strength of 30 per cent from the 
average while specimens mixed for two minutes show a variation of less than 10 per 
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cent. Furthermore, thorough mixing gives Increased workability which, in turn 

requires Jess labour In placing. In waterproof construction and where the structure 
Is to be exposed to severe weather conditions a somt!what longer period of mixir.6 
than Is customary proves of great advantage. 

An ordinary batch mixer has a revolving drum fitted with blades to stir the 

materials. The mixers are of two types: rotary or non-tilting type and tilting type. 
In mixers of the rotary type the drum is cyllndrlcal and revolves about a horizontal 

axis. The drum ls charged by means of a cable-operated loading skip or a charging 
hopper, and a hand-operated swinging discharge chute collects and leads out the mixed 
concrete. The tilting type is equipped with a conlc:il or bowl-shaped drum revolving 
about an inclined axis and is also charged by means of 3 loadiilg skip, though the smaller 
sizes may be fed directly Into the drum. In general, the tilting mixer is considered more 
efficient than the other type, since It enables the concrete to be discharged in a short 
time with the minimum of segregation. Besides It can be cleaned more easily. For 
normal construction, standard mixer:. of Br itish m3ke have capacities of l ! , 
7, 10, 14, and 28 cubic feet, whil:1 those of American ma!te have capacities 

of31', 6, 11, 16, and 28 cubic feet. On l;irger work Jnd central mixing plants, 
mixers cf 56 and 84 cubic feet capacities may be used. The power for rotating :ind 
tilting the drum and for hoisting the material skip is provided by petrol or other type 

of oil engine or by an electric motor. For small contracts, the most popular mixer 
used today Is of 10/7 or¼ cubic yard capacity. It i~ economic:ll because It permits a 
whole bag of cement to be used In each batch of a nominal mix of I :2:4, a batch requir
ing approximately 9 cubic feet of cement and aggregate. For bigger works, the mixer 
should be selected keeping In view the extent of the work. the requirements for 
proportioning and the method of distribution, compaction, and finishing the concrete. 
Under normal running conditions, about 10 per cent of the quantity of water required 
should be put In the drum berore the dry materials are added. Water should then be 
added uniformly with the dry materials, leaving about 10 per cent to be added after all 
other materials have been put In the drum. It Is better to feed cement, sand and 
coarse aggregate Into the mixer simultaneously than Introducing them one after the 
other. The concrete produced In this way would be more uniform. Concrete 

should not be allowed to harden around the blades or on the Inner surface of the 
drum because this would affect the efficiency of the mixing action. Regular cleaning 
at the end of each spell of mixing is. therefore, necessary, especially when still mixes 

are In use. 

The plant required for transporting concrete from the mixer to the point where 
It is to be placed wlll vary according to the size of the Job and the height above the 
ground-level at which the concrete Is to be poured. Obviously, very expensive plant, 
however quick in operation, cannot be economlcally used to pour small quantities of 

concrete, since the cost of erection and dismantling and the hire charges would be 
excessive. Whatever the means of conveyance, tht! following main requirements 

should be fulfilled: 
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(1) Concrete delivered at the point of placing should be uniform .ind of proper 

consistency. 

(ti) There should be no separation of materi:ils In the concrete. 

(111) Concrete should not dry or stiffen during conveyance. 
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The most important consideration in handling and transporting concrete is to 
;1Vold the segregation of co;irse aggregate from the concrete. It Is a common fallacy 
ro~u f"thlnepantion-occurring-m-handling...wlll he eliminated durln..&_other operations. 
Separation must be prevented and not corrected afterwards. The reason wh y separa• 
tlon occurs ts that concrete ls not a homogeneous product but a collection of materials 

'widely different in particle, size and gravity. As a result, from the time the concrete 
leaves the mixer there lre internal and external forces which act to separate the 
dissimilar constituents. Separation can be prevented by ensuring that concrete is 
dumped or dropped vertically. When dropped at an angle the larger aggregate is 
thrown to the far side of the container and the mortar Is thrown to the near side thus 
resulting in segregation that may not be corrected upon further handling of the con• 
crete. 

The prevention of separation must first be ensured at the mixer Itself. The se
gregation of material owing to uncontrolled chuting of the concrete as It Is discharged 
from the mixer Is particularly noticeable with non-tilting mixers where the concrtte 
puses out In relatively small streams over the discharge chute. This can be prevented 
by providing a down-pipe at the end of the chute so that the concrete drops vertically 
Into the centre of the receiving container. With tilting mixers, the batch usually 
slides out in a bulkier mass and is thus leS$ prone to segregate. 

Concrete may have to be deposited below or at about the same level as the mixer: 
or as In the case of buildings and dams, concrete must be hoisted and distributed above 
mixer level. There are many devices for conveying concrete, and they are used either 
singly or In combination to suit different conditions. 

The most common contrivance used In this country for transporting concrete 
from the mixer to the forms is the hand pan, or ghamela, which Is passed from hand to 
hand. This method Is tedious, slow, wasteful, and with the rising cost of labour Is 
likely to be expensive. Where concrete Is to be deposited at or below the mixer 
level, it is better to use a st£el wheelbarrow. For placing concrete much below the 
general ground level, as in basement slabs, foundations and footings, a wood or steel 
chute may be used. Such chutes arc made with a flared upper end for convenience 
in dumping the barrow or cart direct Into them. For lifting concrete above the mixer 
level special provisions have to be made. In a single-storey structure where the con
crete has to be lifted not more than 10 or 15 feet above the ground level, Inclined 
runways for wheeling the concrete are easy to build. These runways may be built 
with one or two landings to break the slope. 

For most of the building jobs, however, a holu of some sort is required. A 
wooden hoist tower can be made by carpenters, but steel towers have a longer life 
and can be erected and dismantled with ease. Very often, no special tower Is required, 
a c:ige being formed from the external scaffolding members to accommodate the hoist
ing arrangemenc:. Barrows, c:irts, skips or other containers may be used to convey the 
concrete. 

~eel buckets transported by railway wagons, motor lorries, derricks, or cable• 
ways, and frequently by a combination of these, are the most satisfactory methods of 
conveying concrete over long dlstanc:es and extensive sites like dams and barrages. They 
are of v:irying shape and design and have capacities ranging from I to 8 cubic yards. 

Co.,: rccc: 275 

Se1re1ation 

----

Methods of 
Conveyance 

Hand Pans, 
Wheelbarrow•, 

and Carts 

Hoi1ts 

Bucketl 



Chutes 

Placin1 Concrete 

Preparation of 
Forms 

The larger buckets usually have a rectangular cross-section, but most buckets are 
circular. The usual method of releasing concrete Is by tripping a gate or gates fitted 
at the bottom of the bucket. The bucket is lowered as close to the forms as possible 
or to the surface of the concrete already placed before releasing the concrete to avoid 
the Impact of concrete falling from a height which may not only impair the quality of 
the concrete, disturbing that already placed, but may seriously damage formwork 
Itself. For use on huge structures, the buckets usually have straight sides and gates 
opening to the full area of the bottom or the bucket. For smaller formed sections the 
bucket is provided with a regulating gate of smaller size than the section of the bucket 
which may be closed at will during unloading so that the remainder of the contents 
may be deposited elsewhere. Gates may be operated by hand or by mechanical or 
pneumatic means. Where the buckets are handled by a cableway, mechanically 
or pneumatically operated gates are the safest, because they can control the discharge 
of the concrete In a much better way and thus prevent sudden jerks on the cableway. 

Concrete may be distributed by means of long chutes or chute systems for cover
Ing fairly large areas, whether at ground level as in reservoir floors, or at various eleva
tions as In large multi-storied buildings. This method may, however, be considered 
most objectionable because of the tendency of the concrete to segregate and dry. 
The chutes should be of metal or metal lined, round•bottomed and of ample size to 
guard against overflow. The slope of the tine of chutes has to be so adjusted that the 
concrete flows regularly, though not so fast as to allow the materials to segregate. The 
slope depends upon the consistency of the concrete, the nature of materlals, and the 
design of the chutes, but it is generally not flatter than I to 3 nor steeper than I to 2. 
The addition of extra water to the concrete to enable It to flow dawn the chutes Is, of 
course, not to be allowed. When long chutes are used the concrete Is delivered 
into a hopper, preferably of the bottom gate type before It Is deposited Into the forms. 
In this way some remixing action takes place to correct any segregation which may have 
taken place. If concrete Is placed direct in the forms, It should not fall freely more 
than a few feet and nor shoot out at an angle. 

Placing and compacting concrete are the last stages In concrete construction 
before initial setting takes place, and are very Important in this operation. It Is not 
enough that a concrete mix Is correctly designed and properly manufactured. Proper 
methods of placing and compacting are also necessary to prevent segregation and 
porous or honeycombed areas; avoid displacement of forms and reinforcement: secure 
a firm bond between layers; minimize shrinkage cracklng; and to produce a structure 
of neat appearance. Before placement commences, however, the formwork or the 
surface which Is to receive the concrete must be carefully prepared. Concrete may 
be required to be placed in a rocky foundation, or on a compacted soil surface, or 
bonded to a concrete construction joint. All these must be treated so as to be fit to 
receive the concrete. 

Forms should be properly set to line and grade. They should be tight and strong 
enough to hold the concrete, and adequately braced to stay in allgnment. If the forms 
are not tight, there Is a likelihood of loss of mortar resulting in honeycombing, or lou 
of water resulting In sand streaking. Before placing concrete, saw-dust, shavings, 
chips, nails and all loose debris should be brushed off, and the forms wetted or oiled to 
facilitate their removal when the concrete Is set. Plywood forms are often lacquered 
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There are many details Incidental to placing concrete which, if not closely attended 
to may result in serious defects in the finished structure. Concrete should be dropped 
vertically and from not too great a height to avoid segregation, entrainment of air, and 
damage to forms, embedded material, and concrete already in place. For concreting 
walls and other thin sections, concrete should be dropped through flexible drop chutes 
or through rectangular metal ducts. This will prevent concrete repeatedly hittin& 
the reinforcement and sides of the forms and coating them with mortar that Is likely 
to dry out long before it can be covered with concrete and thus causing segregation. 
Metal ducts may be provided in sections which can be hooked together so that the length 
can be adtusted as concreting progresses. In deep, narrow, reinforced walls where 
even narrow ducts cannot be Inserted, the drop chutes can be arranged to discharge 
through port holes cut In the formwork. 

Concrete should be deposited as near Its final location as possible. It should 
not be placed In such large quantities that it flows or has to be worked laterally for 
more than a short distance, say 2 or 3 feet. Otherwise It causes segregation, because 
the mortar tends to flow out ahead of the coarser material. It may also cause work 
planes to slope between successive layers of concrete. While shallow sections such 
as slabs and beams can be concreted in a single thickness, deeper sections require to be 
placed In successive layers. Each layer should be placed In one rontlnuous operation 
as far as possible and worked well Into the preceding layer whll~ It Is still soft. The 
top of a layer should be kept level or nearly so. It Is commo~•. practice In mass 
concrete work where concrete Is usually deposited by means of buckets to spread It 
In layers from 15 to 18 Inches thick. In reinforced concrete work, however, the 
layers should not be more than 6 to 12 inches thick. The thickness actually depends 
upon the width between forms, the amount of reinforcement and the fact that the layer 
should not stiffen before another one Is placed on It. It Is also Important to adopt 
a proper order of placing. In walls, beams and girders, the first batches should be 
placed at either end and concreting should then continue towards the centre. This 
should be done for each layer. In large open areas, the first batches should be placed 
around the perimeter. In all cases, It must be ensured that water does not collect 
at the ends and corners offorms and along form faces. In slab construction the placing 
of concrete should begin at the far end of the work so that each batch will be dumped 
against previously placed concrete, and not away from it. To avoid cracking caused 
by settlement, concrete In columns and walls should be allowed to stand for at least 
two hours before concrete ts placed In the slabs, beams, or girders which they are to 
support. Haunches and column caps are considered part of the floor or roof and 
should be placed Integrally with them. 

The methods of placing concrete under water differ from those ordinarily em

ployed In placing It In air. 

TREMIE-By far the largest volume of concrete placed under water has been 
done by means of tremies. The tremle Is a watertight pipe, often 10 Inches In dia
meter and long enough to reach from a working platform above the water-level to the 
lowest point of deposit. A receiving hopper is provided at the top of the pipe and 
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the lower end is sometimes equipped with a valve. The concrete to be plated with a 

tremle should have a fairly high slump, say 6 or 7 inches, and a richer mix than ordinarily 
used for placing in air. The cement content should not be less than 6 bags per cubic 

yard of concrete. To start operation with an open-end tremle, the lower end Is 
usually plugged with bags, straw, or concrete in bags. When th!? pipe Is lowered Into 
position and filled with concrete the plug Is forced out. After concretlng has started 

the lower end of the tremie should be kept as deeply submerged in the previously 
placed concrete as conditions permit. This depth wlll depend largely on the head of 

concrete that can be maintained In the tremle. The tremie should be lifted slowly to 
permit the concrete to flow out and care should be taken not to loosen the seal at the 
bottom. If the seaf Is lost it is necessary to raise the tremle, plug the lower end, and 
then lower the tremle Into position again. 

Every precaution must be taken both in handling and placing the concrete to 
reduce to a minimum the tendency to segregate. No attempt should be made to 
puddle the concrete, as experience has shown that the less it is disturbed arter it 
is deposited the better. Once concreting has started the tremle should not be moved 
laterally through the deposited concrete :is this will again disturb it. If It Is necessary 

to shift the tremle, It should be lifted out and moved co the new position. 

BUCKET-Concrete can also be satlsfactorlly placed under water by means of 
open top rectangular or cylindrlcal buckets with full drop-bottom or roller-gate 

openings In the bottom. The method has been especially successful In placing concrete 

In very deep water-as much as 2410 feet-for bridge pier construction. Concrete for 
placing by bucket should be much the same as that for tremie placing although a slightly 
stiffer mix can be ufed. The bucket should be completely filled and the top covered 

with a canvas flap to proteet the surface of the concrete from being washed away by 

swidlng water above while the bucket ls descending through water. It should be 
gently lowered so that the canvas Is not displaced. It should not be dumped until it 
rests on the surface upon which the concrete is to be deposited and when discharged 

shall be withdrawn slowly until well above the concrete. Soundings at frequent 

Intervals should be taken to see that the top surface of the concrete Is level. 

As concrete Is being placed it should be compacted thoroughly and uniformly by 
means of hand tools, vibrators, or finishing machines to secure a dense structure, a 
close bond with reinforcement, and smooth surfaces. Concrete should be worked 

well around the reinforcement and embedded fixtures and into the corners of the forms, 
but should not be worked more than necessary, since any disturbance or the concrete 
in place makes for segregation of materials, and the water and fine particles move 
towards the surface. This water may collect under the bars and the larger pieces or 
aggregate, thereby weakening the bond and opening channels fer possible leakage 
through the concrete. Also, excessive working of concrete at formed surfaces brings 
undesirable fines and water to the surface. Sufficient equipment and operators should 
be provided In order that the entire mixer output can be handled without delay, other
wise the concrete may stiffen too much before it ls thoroughly compacted and the 
surface Is finished. 

Ordinary hand methods of consolidating concrete consist of ramming, tamping, 
spading, and slicing with suitable tools. Tramping of the workmen while handling 

these tools also plays an important part in the compaction. Spading Is done at or 
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near vertical form faces in order co secure a smooth surface, but too much of spading 

will dr3W out an excess of cement p:ute which wlll liter cr.ize, crack or scale. For 

compacting d ry concrete t tfe",vrf~tr r lrnmed with-3----heo?vy-flat-bouomed r-ammer . . 
until a thin film of morcar or paste :ippurs a~ the sur face, showing that the voids of 
the aggregate h:i·,c been filled. 

Vibration as .i means of consolidating concrete has many advantages over h3nd 

compaction methods. Modern high freq ~ency vibrators make It possible to place, 
economically, mixtures which cannot be pbced by hand. For example, a concrete of 

still conslstance-1 ! inches slump-::an be placed in forms containing closely spaci!d 
reinforcement by ·,ibr:itors wherc1s :i mu::h wetter consi~tency is necessary, probably 
S or 6 inches slump, for hand puddling. The action of vibr:ition sets the particles of 
fresh c.Jncret:i into motion, reducing friction between them. and affecting :i temporary 
liquefaction of the concrete which enables i~ to settle easily into pbce. 

While vibration in itself does net affect the strength of concrete which is controlled 
by the water-cement r:itio just in the c:ise of hand compaction, it permits the use of 

either iess water or a lc:iner mix. Concrete of higher strength and better quality 
can, therefore, be made with a given cement factor because less mixing water c:m be 
used. Where only a given strength is required, it c3n be obtained with leaner mixes 
than possible with hand placing, thus making for economy. This shows thilt vibration 

makes for improvement in the quality of concrete as wel! 3S economy. 

In the case of vibration process. stiffer mixtures and also mixtures containing less 
fine material can be used than are required to give the cohesive qualities necessary to 

prevent segregation In hand-placed mixtures. A larger proportion of coarse and a 
smaller proportion of fine aggregates cJn, therefore, be used. Since coarser gradings 
prevent less surface area to be coated with pane, less water or less paste can be used 
for a given consistency. Thus Improvement in quality and economy is effected by 
harsher as well as stiffer mixtures. 

The vibration method can be conveniently used for placing concrete under condi
tions where it Is difficult to get good results by hand placing. Vibration makes it pos
sible for the concrete to flow through sm311 openings, :ind in and around closely spaced 

reinforcement. 

Shrinkage of a vibrated concrete owing to less moisture Is somewhat leu than 
concrete placed by hand because of the higher aggregate factor or lower water con
tent. If the potential adv3nnges of vibration are fully realized, volume changes due to 

changes In moisture content may be reduced by as much as one-half. 

When using vibrators for compacting. care must be taken In the construction of 
formwork. It must be stronger than that for hand-rammed work In order to withstand 
the hydrostatic pressure which develops when the concrete liquefies under vibration. 

For the same reason, the forms must be watertight. 

Most of the high-frequency vibrators now available give at least 3,600 Impulses per 
minute. Some of them produce twice this number or even more. They may be 
electrlcally driven, or operated from a petrol engine or air compressor. The vibra
tions are caused by eccentric weights attached to the shaft or the motor or to the 
rotor of a vibrating element. Electric magnet pulsating equipment Is also available. 
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Vibrators are of the following four general types:-

• Internal, "spud" or "needle" vibrators consist of a metal spud or rod, which 
Is Inserted Into newly-placed concrete and which vibrates while being 
withdrawn. 

• Surface vibrators which are mounted on screeds or pla~forms and are chiefly 
used for consolidating road slabs, floors, etc. 

• External or ''form" vibrators which are attached to formwork and external 
shuttering of walls, columns, etc. The forms transmit the vibrating action 
of the concrete. 

• Vibrating tables which ~re used for making precut products. 

Any of these types should be applied systematically at short distances on the sur
face so that vibrated areas of concrete may overlap without omission of any part. 
Vibration should be continued till concrete has been thoroughly compacted and the 
voids have been filled, as Indicated by the appearance of mortar or paste at the exposed 
surface or at faces of contact with the forms. Then vibration should be stopped: 
otherwise It would cause coarse aggregate to settle to the bott~m and water or paste 
to rise to the top. Usually vibration should secure the desired results within 5 to IS 
seconds at points 16 to 30 Inches apart. It should not be done for longer periods at 
wider distances. Internal vibrators should be Inserted to the full depth of the layer. 
They should be jnserted and withdrawn slowly and operated continuously while being 
withdrawn so that no hole is left in the concrete. The entire depth of a new layer of 
concrete should be vibrated, and ordinarily the vibrator should penetrate the layer 
below for ,everal Inches to ensure thorough union of the layers. Concern has some
times been expressed of the effects of revibration of a lower layer which may be par
tially hardened and In which the cement may be setting. T esu, however, indicate 
that revlbratlon of partially set concrete actually Improves its strength. Apparently 
the kneedlng action on the concrete further consolidates It. 

form vibrators are particularly effective on columns and In the casting of precast 
units such as pipes, slabs, piles. The machine Is fastened to a wale or gut and transmis
sion of the vibration around the perimeter of the member is further assisted by means 
of an enclrcllng chain where this Is practicable. Form vibrators are also used on thin 
wall sections where reinforcement, ties and spreaders Interfere too much with In
ternal vibrators. The portable electric or air hammers are especially useful In such 
work as architectural concrete where the appearance of the finished work Is particular
ly important, and also on sections that are too thin for internal vibrators. Vibrating 
tables are used for precast units which are made In gang moulds fastened to the table. 
Tables are available In various sizes and are usually equipped with adjustable eccentries 
so that both the speed and amplitude can be adjusted. 

Personal preference and job conditions wlll affect the selection of the motive power 
for operating vibrators. On large Jobs both electricity and compressed air are 
generally available. For smaller work compact, portable electric gener;ating equip
ment Is available which will not only furnish power for the vibrators but also for other 
small tools and for lighting. Petrol engines are also used to drive vibrators directly 
and can be very cheaply operated. On most Jobs, power costs of operating vibrators 
are not Important and personal preference and convenience will therefore generally 
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govern the selection. High frequencies can be secured with all three kinds of power 
with properly designed equipment. 

Concrete hardens because of chemical reactions between Portland cement and 
water. This process, known as hydration of cement, Is not fully known but, it Is 
believed that the principal reaction products are silicate gels which form at the surfaces 
of the cement grains and In the spaces between them. So long as the temperatures 
are favourable and the water necessary for the chemical reactions Is present, the forma
tion or gels proceeds from the surface of the grains inwards, gradually transforming 
them completely. The gel structure between the grains Increases In density at the same 
time. The qualit)' of the concrete, therefore, depends on the uninterrupted develop
ment ofthe hydration process. 

The w:iter used In mixing concrete is actually more than necessary to fill the inter
grain spaces. However, the loss from evaporation from the time of the Initial set of 
the concrete Is normally so r:ipld that the hydration process may be seriously affected. 
The primary aid of curing Is to prevent or replenish this loss of moisture during the 
eirly relatively rapid scage of hydration. The commonest method is to keep the ex
posed surface of the concrete continually moist by spraying, ponding, or covering It 
with earth, sand, straw or hessian maintained In a moist condition. Preast concrete 
Is often cured In chambers In which steam Is released, keeping the concrete mol1t. 
All these methods arecollectlvely known as moist curing. Fig No. 9 shows how moist 
curing during the early hardening period greatly Increases the strength of the 
concrete. In these tests all specimens were tested at 4 months but they were damp 
cured for various periods and allowed to cure in dry air thereafter till tested. It wlll 
be seen that an Increase of 72 per cent in strength was obtained by keeping the 
concrete damp the first ten days Instead of letting it dry out. Keeping the concrete 
damp three weeks Increased the strength 12,t per cent and for four months 207 per 
cent over the strength of concrete cured during the entire period In dry air. 

E.FFE.CT OF TE.MPE.RATURE-The effect of temperature during curing on the rate at 
which concrete h:i.rdens Is shown In Fig No. 10. The best result Is obtained when 
concrete hardens in a warm, damp atmosphere. If the weather Is cold and the concrete 
Is exposed to a temperature below 40 degrees Fahrenheit, the rate of hardening wlll be 
extremely slow an<l the concrete will have, for equal periods, considerably lower stren
gth than concrete cured in a temperature of 70 degrees Fahrenheit. If, on the other 
hand, the concrete ls exposed to a hot atmosphere and drying winds, there Is a danger 
that the water required for hydration might evaporate and prevent the hardening of the 
concrete. Quick drying out of the concrete wlll also lead to contraction cracks, since 
the concrete is not hard enough at an e:irly age to resist, without cracking, the stresses 
set up by contraction. Special precautlon1 are, therefore, necenary during hot 
weather. Concreting should be done at night, using cold mixing water, sprinkling or 
c~vering aggregatt!, and avoiding the use or hot cement. To reduce absorption of 
mixing water the aggregates, wooden forms, sub-grade, foundation or other moisture 
absorbing surfaces should be well wetted before concreting. To lessen evaporation, 
the fresh concrete should be protected from the direct rays of the sun and from the 
drying wind. Mat canopies supported on light framework may be used for shadlnc 
concrete. 
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Specifications generally require that concrete must be kept moist for a period 
or at least 7 days and preferably I "4 day,, when ordin:iry Portland cement is used. Rapid~ 
ly hardening cements require less time (about half). and slowly hardening cements 
require more time, than ordinary Portland cement. When low-heat cement is use?d, 

the curing period must extend to 21 or 28 days. 

Moist curing Is by far the easiest and most efficient method and Is extensively used. 
It consists in the application of water direct to the concrete or by means of contlnuously 
saturated coverings of earth, sand, straw, hesslan, etc. Even when other methods are 
to be used, moist curing by means of spraying Is usually specified for the first one or 
two days. Water should be applied on unformed surfaces as soon as it can be done 
without marring the surface, and on formed surfaces Immediately after the forms are 
stripped. Wooden forms, kept wee, and metal forms provide satisfactory protection 
against loss of moisture. Hence they should be left on ;1s long as practicable. The 
exposed top surfaces should, however, be kept wet. 

If properly applied, spraying Is a satisfactory method of curing formed or unformed 
surfaces and Is also extensively employed In the curing yards of precast concrete fac
tories, where mechanical sprinklers are usually Installed. Spraying within the first 
few hours after concreting may wash some of the cement; hence hessian should be 
used on unformed surfaces for several hours at lean. Hand spraying may not in 
certain cases be quite satisfactory, because the surfoce is likely to get dry. 

This Is a good method to use for flat horizontal surfaces such as floor slabs and pave
ments. Little earth dams are built over the surface to form squares which are flooded 

with water to a depth of 2 Inches or so. 

These consist of clean sand, straw, matting hessian, gunny bags, canvas, etc., 

which must be kept saturated with water. Wet hesslan Is particularly Invaluable ln 
that it can, unlike other wet-curing agents, be applied Immediately after the finishing 
of the concrete without causing any damage to the surface. It is also very useful for 
curing vertical surface. In case wet earth or sand is used. it should be free from 

large lumps or stones, because they get dry more quickly. 

Surface defects which require repair when forms are removed usu~11y are bulges 
caused by the movement of forms, ridges :it form joints, honeycombed :1reas, damage 
resulting from the stripping of forms, and bolt holes. Bulges and ridges are removed 
by careful chipping or tooling and the surface Is then rubbed with a grinding stone. 
Honeycombed and other defective areas must be chipped out to solid concrete, the 
edges being cut :is straight as possible: :ind perpendicularly to the surface, or prefer
ably slightly undercut to provide a key at the edge of the patch. Shallow patches arc 
filled with mortar simll:ir to thJt used in the concrete. The surface or the patch is 
first given a coat or thin grout composed of an cquJI quantity of cement and sand. The 
mortar is placed in layers not more thln half an inch thick, and each layer Is glven a 
scratch finish to secure bond wlth the succeeding l;iyer. The last layer is finished to 
match the surrounding concrete by fleeting, rubbing or tooling or, on formed surfaces, 
by pressing the form material against the patch while the mortar Is still plastic. Large 
and deep patches require filling up with concrete held In place by forms. Such 
patches are carefully levelled to the hardened concrete. Holes left by bolts are filled 
with mortar carefully packed into place ln small quantities. The mortar is mhced as 
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dry as possible, with just enough water so that It can be tightly compacted when forced 
Into place. Tiered holes extending rlgh~ through the concrete may be filled with mor-
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patches appear darker than the surrounding concrete, possibly owing to the presence 
on their surface of less cement 1:aitance. Where uniform colour of the surface Is Im-
portant, this effect may be remedied by adding 10 to 20 per cent of white Portland 
cement to the patching n\Ort.lr. The exact quantity may be determined by trial. 

Patches must be cured with the same care as the whole structure. To prevent 
early drying curing must be started as soon as possible after the patch Is finished. 
Damp hesslan may be used, but In some locations it may be difficult to hold It in 
place. In such a case a membrane curing compound Is most convenient. 

In saline areilS the usual nominal mixes do not hold good. Their richness should be 
Increased with the increase in sal nlty. Different proportions of the material have 
been prescribed for severe and moderate conditions, An area Is considered severely 
saline If an existing concrete structure hilS deteriorated rapidly during a period of say 
5 years or if the concentration of soluble sulphate In the soil is 0,3%. It would be ter
med as moderately saline If the concentration of soluble sulphate Is less than this per
centage and :in existing structure has not been deteriorated during 5 years. For 
severe s:illne conditions the 11 x should not be leaner t'ian I: I :2, and for moderate 
conditions it should not be leaner than I: l!:3. 

Under normal circumstances the space to be filled with concrete must be dewa
tered and concrete placed againu formwork. If, however, owing to some unavoidable 
circumstances the concrete has to be placed In water the following precautions must 
be observed:-

!. A nominal mix of I: I ~:3 should be used. 

2. Concrete should have a slump of 6·-e· when being placed by tremles and 
r-6· when being dumped by bottom dump buckets or In sacks. 

3. Casslons, cofferdams or forms used should be sufficiently watertight to pre
vent loss of mortar or flow of water through the space In which concrete is 
being deposited. 

4. Pumping should not be done during placing of concrete and H hours after
wards. 

5. Before actual dumping st:ins the surface under water should be carefully exa

mined In order to know that the bottom surface Is perfectly level. 

6. Concrete should be deposited continuously till It has attained the desired level. 
During placing, the top surface should be kept as nearly level as practicable. 

7. The formation of laltance planes should be avoided and If these planes are 
formed they should be Immediately removed. 

8. Concrete shall be placed by tremles, bottom dump buckets or In sacks de• 
pending upon the nature of work. 
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AH concrete work should "l<llormally be discontinued when the temperature goei 
below-40~ F. If, however, It is absolutely impossible to suspend the work, the follow
ing precautions must be observed:-

!. Water and aggregate should be heated before mixing, but the temperature of 
aggregate and water should not exceed 90e F. 

2. The tern peratureof concrete should not be allowed to go below 40c F during 
Its placing or till the time it has thoroughly cured o1nd hardened. 

Whenever possible these joints should be avoided. When they have to be 
provided the following precautions r.iust bt? observed:-

!. These joints are not made abruptly, but against a formwork previously pre
pared for the purpose. Before resuming concrete tha joint surface is thoroughly. 
cleaned and loose material removed. The surface is then treated with a thin layer or 
cement grout worked well into the surface, or of cement s.ind mortar mixed In tl-e 
same proportion as the original concrete. 

2. Care should be taken to obtain a thorough compaction and avoid :i;egregation 
along the plane. In horizontal joints instead of treating surface with grout or mortar 
the workabU/ty of first batch of concrete place:f in contact with the joint should be 
slightly Increased. 

3. Where the construction Joints are required to be watertight a continuous key 
way should be constructed in the face or the first section of the concrete placed and 
continuous sheet of non-corrosion metal not less than 9w wide placed so as to extend 
the full length or the joint and be embedded equ;ally in the concrete on each side of the 
joint. In columns these joints shall be located anywhere at the under side ofthe floor 

members and at the top of floor. Haunches and column cables should be considered 
part of and continuous with floor or roof. In beams and slabs these joints should not 
be located at the centre or within the middle third of the span. Horizontal joints at 
the to;, of the plinth or top or bottom of window openings should be avoided. 

NO, 20.1 CEMENT CONCRETE (GENERAL) 
Specifications 

I. Unless otherwise specified, concrete shall be prep.ired, transported, placed, 
finished, cured and protected as specified hereunder. 

2. Unless otherwise specified, cement concrete shall be composed of Portland 
cement, sand, coarse aggregate and water as specified herein. well mixed and having 
proper consistency. 

3. Portland cement shall conform to ~pecificJticns No. 3.3 and shall be handled, 
nored and used by the contractor as specified therein. c~m:mt stored for more 
than three months or through a monsoon, shall be used only after it has been 
approved by the Engineer-In-charge. 

4. Wherever the use of special cements has been :i;peclfied, it shall be used strict
ly In accordance with the specifications of the manufacturer or as directed by the Engi
neer-in-charge. The high alumlnia cement and super-sulphated cement shall not be 
mixed together or with any other cement, and all mhcers, plant and tools shall be 
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thoroughly cleaned berore and after using the cement to avoid Interaction with other 
types. 

- +. -W.~r-shall-c-onfor-lll--tO-.Specifiariaos. hlo 2 L 

6. No additive shall be added to cement concrete unless authorized by the Engl· 
neer-in-charge. Wh'?'l so authorizerl instructions of the manufacturer and the 
Engineer-In-charge must be strictly complied with. 

7. When specified 3 duly approved :iir entraining agent shall be added to the 
mixing water in a specified quantity to yield the d~slred quality of concrete. 

8. All aggregates (co:irs"? anrl fine) sh31l conform to Specifications No. 6.1 A and 
6. I B r-:speccively. 

9. (i) The maximum size of Jggregate in concrete for any p~rc of the work shall 
be the largest of the specifie:l sizes, the use of which Is practicable for 
p'3cing concrete. 

(ii) Unless otherwise specified or directed by {he Engineer-in-charge, the 0 -,ml
nal illlXimum siz.e or aggregate for reinforc.:?d concrete shall be f' for mus 
concrete work and I!· for foundations. 

(Iii) If approved by the Engineer-ln-ch1rge "All In aggregate" shall also be used 
for mass concrete work. 

(iv) The grading of co:irse ;md fine aurcg3te shall be such that when cement and 
water are added thereto and mixed in the manner hereafter specified, a 

perfectly solld compact concrete free from voids is produced without at the 
same time forming an undue proportion of "mortar" in the mass, of 
which the Engineer-in-charge shall be the judge. 

10. The Engineer-In-charge shall have the power to modify the specified grading 
to Improve the quality of concrete, and the contractor shall comply with his Instruc
tions in this behalf without additional charge. 

11. The proportions in which the various ingredients are to be used for different 
parts of the work shall be as determined from time to time during the progress of the 
work and as tests are made of the aggregates and the resulting concrete. Mix propor
tions and water-cement ratio sh311 be so determined as to produce concrete having 
suitable workability, density, Impermeability, durability, and. required strength, with
out the use of an excessive amount of cement. The net water-cement ratio of the con
crete (exclusive of water within or absorbed by the aggreg:ites) shall not exceed 0.60 
by weight. Tests of the concrete shall be made by the Engineer-In-charge and the mix 
proportions shall be ch:inged, whenever necessary, for the purpose of securing the re
quired workabtllty, density, Impermeability, durability or strength. The contractor 
shall not be entitled to any compensation because of these changes. 

The amount of water used In the concrete shall be so regulated as to secure con• 
crete of a proper consistency and to adjust for any variation In the moisture content, 
or grading of the aggregates as they enter the mixer. Water shall not be altowed to 
be added to undo the stiffening of the concrete resulting from excessive over-mixing 
or objectionable drying before placing. Uniformity In concrete consistency from 
batch to batch shall be required. Unlen otherwise specified or directed by the Engl• 
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neer-tn-charge the slump of concrete after it has been deposited, but before It has con
solidated, shall have the following values under different situations:-

Purpose 

I. Very high strength concrete for prestressed concrete 
sections compacted by heavy vibration. 

Slump (Inches) -- ··-
0 

2. High strength reinforced and prestressed concrete sc.c- 0-J 
tlons, pavings and man concrete compacted by vibration. 

3. Normally r!!lnforced concrete sections compacted b;, vib- 1-2 
ration, hand compacted m,ns concrete. 

-t. Heavily reinforced concrete sections compacted by vib- 2-4 
ration, hand compacted concrete In normally reinforced 

slabs, beams. columns and walls. 

S. Heavily reinforced concrete sections compacted without 
vibration and work where compaction Is particularly di- 4-6 
fflculc. 

12. Unless otherwise specified concrete mixes shall conform co the strength re
quirements given In the following table :-

---- -
Nominal Minimum cube strength required lin lbs, sq. in.) General 

Mix use 
Laboratory tests Work tests 

at 7 days at 28 days at-7 days - at 28 days 

I: I :'2 4000 6000 3000 4500 In paving. 
1:1½:3 3350 5000 2500 3750 I For reinforced 
1:1:4 1700 4000 2000 3000· \ concrete other 

than In paving. 
1:3:6 - 2500 - 2000 For mass concrete. 

13. The mode of mi>cing (I.e. hand mixing or machine mixing) shall be deter
mined by the Engineer-in-charge keeping in view the size of work. 

13. I Unless otherwise specified or directed, hand mixing shall be done on the fol
lowing lines: 

(a) Wooden batch boxes of one to three cubic fee: C4pacity ;h;11l be used. Con
venient sizes of these boxes are given below:-

Capacity INSIDE MEASURE 
(In 
cubic Length (In inches) Breidth (In Inches) Height (in kches.) 
feet) 

---------· - -- ---
I 12 12 12 

'* IS 15 9~ 
ll IS 15 II~ 
If IS 15 13! 
2 18 18 10~ 
2¼ 18 18 12 
l½ 18 18 13~ 
2i 18 18 1-1e 
3 18 18 16 
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(b) Hand mixln& shall only be done on a smooth watertight platform large enough 
to allow effl:ient turning over of the various Ingredients both before and after the addl· 
tlon of water. The platform shall be wooden and rectangular In shape having close 
tt1llJiofnu--between-the-bo3rds--or-lon~heet lron--tr-oughs.-"J:he..-platfor.m....shalU 

no case be utilized for storing material other than that required for immediate mixing. 

(c) Stz:e of each batch shall be regulated by the proportions of the Ingredients. 
A batch mixed at a time shall not contain more than one bag of cement. The approxl· 
mate yield of concrete per bag of cement and volume of loose materials for various no
minal mixes Is given in the follow ing table:-

Nominal mix by Volume of fine Yield per bag Volume of Minimum 
volume and coarse of cement loose ma· size of mixer 

aggregate per terials for l•bag for I-bag 
bag ofcemem batch (In cft) batch (In cftJ 

(In cft) (1n cft) 

1:1:l l¼:2½ 3! 5 )i 

I :l½:3 lj:)j 4! 6i 5 
1:1:4 2!:5 Si 81 7 

In cue concr«:ting has to be done at a faster speed different gangs of labourers 
shall prepare different batches at the same time. 

(d) The measured quantity of cement shall be placed on top of the measured 
quantity of fine aggregate and then both of these shall be mixed dry three times or 
more till they attain a uniform colour. The measured quantity of coarse aggregate 
shall then be added and mixed with it. The required quantity of water, which shall be 
measured or weighed for each batch, shall then be added with a rose. The mixture 
shall b!! turned over and the process continued at least three times or till the entire 
mus has become wet and a homogeneous mixture ofthe required consistency has been 

obtained. 

(e) The re-tempering of concrete or rnc.,rtar which has p3rtlally set (that Is remix· 
Ing with or without :iddltlon31 cement, aggregate or water) Is absolutely prohibited. 
Under no circumstances shall concrete which has partially hardened be deposited 

In the work. 

13.l. Unless otherwise specified or directed by the Engineer-In-charge, the 
contractor shall provide such means and equipment as are required to accurately 
determine and control the 3mount or each separate Ingredient forming the concrete. 
The selection and operation of such means and equipment shall at all times be subject 
to the approval of the Engineer-In-charge. The amounts of bulk cement, sand and 
each sl:z:e of aicregate going Into each batch of concrete shall be determined by 
weighing or by volumetric measurement. Where sacked cement is used, the concrete 
shall be pr~portloned on the basts of Integral sacks. 

All the Ingredients of concrete. except the full quantity of water, shall be mixed 
In a batch mixer for not less than I½ minutes. The mixing time will be Increased 
where the batch mixer hu :i c.ip3clty of more than two cubic yards. The 
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Form Design 

Form Construd:lon 

Engineer-In-charge reserves the right to Increase this time when the charging and 
mixing operations fall to produce a concrete batch of evenly distributed 
Ingredients and the consistency Is not uniform. The concrete shall be uniform In 
composition and consistency from batch to batch except when changes In 
composition or consistency arc required. Water shall be added prior to, during, 

and following the mixer-charger operations. Excessive over-mixing requiring the 
addition of water to preserve the required concrete consistency wlll not be 
permitted. 

Truck mixers will be permitted only when they produce concrete of uniform 
consistency and grading throughout the mixed batch and from batch to batch. Any 
concrete retained in truck mixers for so tong a time that It cannot be satisfactorily 
placed without additional water shall be wasted at the expense of the contractor. 
Any mixer that at any time produces unsatisfactory results shall be repaired promptly 
and effectively or shall be replaced. Mixer In centralized batching and mixing plants 
shall be so arranged that mixing 2ction can be observed from the station of the mixing 
plant operator. Mixers shall not be loaded In excess of their rated capacity, unless 
specifically authorized. Each mixer shall prererably be equipped with a mechanically 
operated timing and signalling device which will Indicate the completion of the required 
mixing period and will count the batchec. 

14. The temperature of concrete when It Is being placed shall not be more than 
90 deirees Fahrenheit and less than 40 degrees Fahrenheit. When the tempera
ture Is between 80 and 90 degrees Fahrenheit, the concrete shall be mixed at the job 
site and discharged into the work Immediately after mixing. If It goes beyond 90 
degrees Fahrenheit (which Is to be determined by the Engineer-in-charge), the con
tractor shall employ effective me:ans, such u pre-cooling of aggregates and mixing 
water and placing at night, to ensure that as concrete Is being placed Its temperature 
remains below 90 deirees Fahrenheit. 

15. Forms shall conform to the various ~haped lines, grades and dimensions of 
the concrete as shown on the drawings or as established by the Engineer-in-charge. 
Their material and design shall be subject to the approval by the Englneer~ln-charge 
before their construction Is started. However, such approval shall not relieve the 
contractor of the responsibility for the adequacy of the forms nor from the necessity 
for remedying any defects which may develop or become apparent with use. The 
Engineer-In-charge may at any time condemn any sections of forms found deficient in 
any respect, and the contractor s~all promptly remove the condemned forms from the 
work and replace them at his own expense. 

16. {i) Forms to confine the concrete and shape it to the r~quired lines shall be 
used wherever necessary. They shall be made of metal, of metal line.I timber, or 
of smooth pl2ned boards In good condition, 

(ii) A smooth finished surfoce of the concrete shall be required. The forms shall 
be true In every respect to the required shape and size, and shall be of ~ufficient 
strength and rigidity to maintain th(?ir position and shlpe under loads :md opcr:atlons 
Incident to placing and vibrating the concrete. 

(111) All forms when erected sh:111 be tight. Adequate and suitable means for 
removing the forms without injury to the surface of the finished concrete shall be 
provided. 
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tlv) Chamfer strips shJII be placed in the form so as to produce levelled edges on 
::>ermln.:mtly e:<posed concrete surfaces If indicated on the drawings or instructed by 
the Engineer-in-charge. 

(v) All forms shall be properly secured in position so as to prevent floating, or 
::>rher movements, during the placing of concrete, Form supports shall be carried to 
firm foundation so that no settlement of the forms is possible during construction. 

(vi) Unless otherwise specified sliding forms shall be used for enclosing vertical 

structures which maintain a constant section to give a 11ft of concrete from 2 to -1 feet. 

In very tall structures they shall be made to move continuously during concreting 

operations. 

17. Unless otherwise specified the faces of the formwork which come into 

contact with the concrete shall be treated with parting agents, such as, mineral oils, 

vegetable oils and soaps, before reinforcement is placed, in order to prevent concrete 
from adhering to formwork and to reduce the risk of damage when the formwork 

is struck. 

18. No concrete shall be placed till all formwork, reinforcement, installation of 

parts to be embedded, bracing of forms, and preparation of surfaces involved In the 

placlng have been approved by the Engineer-In-charge. No concrete shall be placed 
in water, except with the written permission of the Engineer-in-charge, and the 
method of depositing concrete shall be subject to his approval. Concrete shall not be 

placed in running water and shall not be subjected to the action of running water until 

after the concrete has been cured for 28 days. All surfaces of forms and embedded 

materials that have become encrusted with dried mortar or grout from concrete 
previously placed shall Lie cleaned of all such mortar or grout before the surrounding or 

adjacent concrete is placed. 

Immediately before placing concrete, all surfaces upon or against which it is to be 

placed shall be fre:e from standing water, mud, debris or loose material. The surfaces 
of absorptive materials against or upon which concrete Is to be placed shall be 

moistened thoroughly so that moisture is not drawn from the freshly placed concrete. 

Where surfaces to be covered by fresh concrete are absorptive and where It will 

facilitate the placing and vibrating of conrete In paving and base slabs (which Is to be 

determined by the Engineer-in-charge), the conctractor shall place a ''blinding course" 
consisting of :i 2-lnch layer of concrete. The "blinding course" shall be spread 
uniformly over the foundation to be protected and allowed_ to set for 24 hours before 
fresh concrete is placed. 

Concrete s:.irfoccs upon or :;ga1nsc which concrete is to be placed and to which 

new concrete Is to adh<?re, :ind have become so rigid that the new concrete cannot be 
Incorporated integrally with them are defined below as "construction Joints". The 

surfaces of construction Joints shall be clean and damp when covered with fresh con• 

crete or mortar. These surfaces shall be deaned by wet sand-blasting or other 
approved m~thods and then washed thoroughly with high pressure air water Jets or 

other approved means immediately before fresh concrete is placed. Cleaning shall 
consist of the removal of all laitance, loose or defective concrete, coatings or foreign 
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material. All pools of water shall be removed from the surfaces of construction joints 

before new concrete Is placed. 

The surfaces of all contraction joints or exp:i.nsion joints as shown on the drawings 
shall be thoroughly cleaned of accretions of concrete or other foreign material by 

scraping, chipping or by other means satisfactory to the Engineer-In-charge. 

Placing or Concrete 19. (1) The methods and equipment used for transporting concrete must ensure 

Placing of 
· Concrete under 

Water 

that concrete having the required composition and consistency are dellvered to the 

work without objectionable segregation or loss of slump. 

(11) Concrete shall be placed only in presence of the Enginc"2r-in-charge. 

(iii) Any concrete which has become so stiff that proper placing c.innot be assured 
shall be wasted and no payment shall be m;idc to the contr.:ctor for such wasted con· 
crete, Jncludlng contained cement. Concrete shall be deposited direct In all cases as 

near as practicable to its final position and shall not flow in :i manner to permit or cause 
segregation. 

(iv) Concrete shall not be placed during rains unless proper protection Is afforded. 

(v) Concrete buckets. where used. shall be capable of promptly discharging the 
low-slump concrete mixes specified and the dumping mechanism shall be designed to 
permit the discharge of as little as four cubic feet portion of the load rn one place. 

(vi) Each layer of col\crete shall be consolidated to the maximum practicable 
density so that It Is free from pockets of aggregates, and doses snugly against all 
surfaces of forms and embedded materials. 

(vii) In consolldatlng each layer of concrete the vibrating head of the vibrator shall 
be secured to form or allowed to penetrate and revlbrate the concrete in the upper 
portion of the underlying fayer. All concrete shall be consolidated with electric or 
pneumatic power-driven vibrators having a frequency of not less than 5000 cycles per 
minute. Additional layers of concrete ,hall be placed after the layers prevlo_usly 
placed have been worked thoroughly so that no air bubble comes to the surface, The 
operation shall be carried out by a pe,son trained In the Job. 

(viii) Special care shall be taken In placing concrete when it has to be dropped 
from a height, especially when reinforcement Is fn the way, and every effort shall be 
made to reduce this drop to the minimum. In any case the drop shall not be more 
than S feet, 

(ix) SLOPING BEDS NOT ALLOWED-Unless otherwise specified, no peripheral 
slopes shall be allowed In the bed when it becomes necessary for any reason to ter
minate placing operations. Such termination sh:itl be against forms stepped as 
directed by the Engineer-in-charge. 

(x) Ducts, recesses, rebates and holes shall be moulded in the concrete during 
placing at their proper position as shown on the drawing or as directed by the 
Engineer-In-In-charge. 

20. When the space to b~ filled with concrete contains water which cannot be 
removed In some practical way or when so specified or directed by the Engineer-in
charge the concrete shall bl? deposited under water according to the following sti
pulations. 
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(1) Unless otherwise specified a nominal mix of I: I! :3 shall be used for all con

creting under w:it.?r. Cement and aggr.?gate shall be mixed for a period of l minutes 

with sufficient water to produce concrete having a slump not less than 6 inches and 
,,oc 111orw"ttr.tnitlm:kerf1>r ::oncretc p13CeiJby tremTc-s, "ind not less t han Tlnches anJ 

not more than 6 inchc~ for concrete pl3ccd by bottom dump buckets or concrete 

placed in sacks. 

(Ji) Caissons, coffor dams or forms shall bi: sufficiently tight to prevent loss of mor• 

tar or flow of w:iter ch rough the sp.ice In which the concrete Is to be deposited. 

(111) Pumping shall not b'?.donC? during the course of placing cor.crete and 2-1 hours 

afterw:irds. 

(Iv) The surface sh:ill be examined by a competent diver and the results reported 

to the Engineer-In-charge who shall grant permission to start placing concrete only 
after he is satisfied th:it the bottom surface Is level. The services of the diver shall 

be ar, angcd by the concr:ictor at his own expense. 

(v) Concrete sh.ill be depomed continuously till le has attained the desired level. 
During pl3clng the top surface shall be kept as nearly level as possible by taking sound· 

ing and avoiding the formation of l:lltilnce planes or removing It, if formed. 

(vi) Unless otherwise spei:ified or directed by the Engineer-In-charge anyone of 
the following methods of placing shall be employed after getting approval from the 
Engineer-In-charge. 

(a) rn~AtlE-Thc top section of the tremie shall be a hopper large enough 

to hold one complete batch of the mix or the entire contents of the transporting bucket 
when It is used. The tremie pipe shall not be less than 8 Inches In diameter and shall 

be large enough to allow a free flow of concrete and strong enough to withstand the 
external pressure of water in which It Is suspended, even If a partial vacuum develops 
Inside tb pipe. Unless otherwise specified, flanged steel pipe ofadequate strength to 

sustain the greatest length and weight shall be used. A separate lifting device shall 
be provided for e:ich tremle pipe with Its hopper at the upper end. Unless the lower 
end of the pipe is equipped with an approved automatic check valve, the upper end 

shall be plugged with a wadding of gunny sacking or other approved material, before 
dellvering the concrete to the tremle plFe through the hopper. The hopper shall be 
forced co and out of the bottom end of the pipe by filling the pipe with concrete. The 
tremle shall be raised slowly to cause a unfform flow of the concrete, but It shall 
not be emptied so that water enters above the concrete In the pipe. From the time 
the placing of concrete starts till It finishes, the lower end of the tremle pipe shall be 
below the top surface of the plastic concrete. This shall cause the concrete to build 
up from below Instead of flowing out over the surface, to avoid formation of laltance 
layers. I( the charge In the tremle Is lost while depositing, the tremle shall be raised 
above the concrete surface, and if not sealed by a check valve lt shall be replugged at 
the top end, as :it the beginning, before refilllng for depositing concrete. 

(b) BOTTOM OUMP BUCKET-The bottom dump bucket shall be ofthe type that 
cannot be opened till It has rested, with lts load, on the surface upon which concrete 

Is to be deposited. The bottom doors shall be so equipped as to be automatlcally 
unlatched by the release of tension on the supporting line or cable of the bucket and 
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shall open downward and outward as the bucket Is raised. The top of the bucket 
shall be fitted with double, overlapping canvas flaps, or other approved covers, to 
cover the contained concrete and to protect It from being washed as the bucket enters 
the water and descends to the bottom. The bucket shall preferably be so designed that 
the hinged bottom doors shall operate Inside a steel skirt, which shall surround the 

bucket while the bottom doors are shut and shall extend below the bucket as the 
bottom doors open, and thus minimize turbulence and motion while the concrete is 
being deposited. The bucket shall be submerged slowly tlll it is completely under 
water. The normal dive speed after chat shall not exceed 100 feet per minute. 
Aker the bucket has reached the surface on which concrete Is to be deposited, It shall 
be raised slowly for the first six to eight feet to allow concrct!! to be dcposit<:d pro· 

perly. 

(c) SACKS OF CONCRETE - When only a little quantity oi concrete is to be 
deposited under water, It shall be placed In sacks, unless otherwise specified. Th!! 
space to be concreted shall be filled with sacks of concrete carefully placed In header 
and stretcher formation, so that they become Interlocked. Sacks used for this pur
pose shall be made of jute or other coarse material, free from deleterious materials and 
duly approved by the Engineer-In-charge. They shall be filled about two-thirds with 

concrete and their openings securely tied. 

(vii) In cases where It is possible to place under water concrete of a limited 
thickness In the bottom of caisson or cofferdam and completely seal the structure, 
water shall be pumped out and concrete deposited in air after deaning the exposed 

surface. 

11. Unless otherwise specified, concreting under sea water shall be governed 

by the following stlpulatlons:--

(1) The nominal mix employed shall under no condition be leaner than I: I :2. 

_(11) An air-entrant agent or admixture duly approved by the Engineer-In-charge 

shall be added to give three to six per cent entrained air In the concrete, 

(111) Sea water shall not be allowed to come In contact with the concrete tUI it has 

hardened for at least 4 days. 

(Iv) Reinforcement or other corrodible metal shall be placed not less than 3" 
from any plane or curved surface, and -4" adjacent surfaces at corners. 

(v) If specially required the face of concrete shall be protected from severe cl1· 
matlc: conditions or severe abrasion by stone of suitable quality, dense verified shale 
bricks or creosoted timber as shown on the drawing or as directed by the Engineer

in-charge. 

22. Unless otherwise specified, concreting in saline soils shall be done keeping In 

view the following: 

(I) The nominal mix used shall be I: I :2 or richer as actually specified by the 

Englneer•ln-charge depending upon the degree of salinity. 

(ii) Reinforcement or other corrodible metal shall not be placed closer than two 

Inches from the surface of the concrete. 
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ll. Unless otherwise specified, concreting at temperature below 38° F shall be 

avoided. If It cannot be avoided the following conditions shall be observed : 

W Warf r aird-frozen aggregacerstrall--be-Ma~efore-mi>dng.-

(li) Mixing water shall not be heated above 180-- F co prevent the occurrence of 
flash sec, and cement sh.ill only be added afte r the heated :iggregate and water have 
been well mlxed. The resulting temperJture of aggregate and water shall not exceed 
90, F. 

(iii) The temperature of the concrete shall not be allowed to go below '40 F 
during or after its placlng till it has been th0r0ug!1ly cured and hardened. The 

tempero1ture or the concret~ surface shall be determined by thermometers placed 
against the surface. Provision shall be made in for m construction to permit the 

removal of small sections of form to .i.ccommodJte thermometers at locations 
deslgn1ted by the Englnecr-ln-d,:irgc or his :iuthorlzed subordinates. 

In determining temperatures at 3ngles and cor ners of a strueture, thermometers 
shall be placed not more tho1n eight inches aw:iy fr-:, .,, the angles and corners. In the 

case of horizontal surfaces, thermometers shall rc.t on the surface under the protec
tion co..,erlng normal to the section. 

(Iv) If allowed by the Engineer-In-charge rapid hardening cement or rapid 
hardening cement and 12 per cent calcium chloride sh.ill be used for preparing 

concrete. 

(v) Floor slabs and all exposed surfaces shall be covered immediately after their 

placing with the protective materials like straw blankets as directed by the 

Engineer-In-charge. 

2'4. (1) The location of all constructlc:, joints shall be subject to the approval of 
the Englneer-ln<harge. The joints shall be constructed In accordance with the 

provisions of these specifications. 

(11) Construction and expansion joints shall be built as shown on the drawing. 

These joints shall be made by forming concrete on one side and allowing It to set. 
Before resuming concreting, the joint surface shall be thoroughly deaned and loose 
material removed. Then without rewettlng the surface, a thin layer of cement grout 
shall be worked well Into It or cement sand mortar mixed In the same proportions as 
the original concrete shall be placed. Special care shalt be taken to obtain thorciugh 
compaction and avoid segregation along the Joint plane. In horizontal Joints, Instead 
of treating surface with grout or mortar, the workability of first batch ofthe concrete 
placed In contact with the Joint shall be slightly Increased. 

(111) Unless otherwise specified joints in columns shall be made at the underside 
of the floor members and at floor level. Haunches and column caps shall be 
considered as part of and continuous with floor or roof. Concrete shall be deposited 
In floor system at lean two hours after it has been deposited In columns or walls. 
Joint In beams and slab at the centre or within the middle third of the span and horl· 
zontal Joints In walls at the top of plinth or top or bottom of window openings shall 

be avoided. 

(Iv) Where a construction )olnt Is required In a section of a building more than 
100 feet long or where the space between two expansion Joints Is more than 100 feet. 
special reinforcement shall be placed 3t right angle to the joint. Reinforcement shall 
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extend In both directions ohhe joint and sh:ill have '40 diameters in the case of deformed 
bars and SO diameters in the case of plain bars. It shall be placed near the face of 
of the member opposite to the main tensile relriforcement and shall not be less than 
O.S per cent of the section of the members cut by t!1r. Joint. Any additional 
reinforcement required as a result of such additii,nal construction Joints shall be 

provided by the contractor at his own expense. 

(v) Where the construction Joints are requ,rcd to be watertight, a continuous 
key-way shall be constructed In the face of the fir st section of concrete placed, and 
continuous sheet of non-corrosive metal or any other approved material not less than 
9 Inches wide shall be placed so as to extend the full length of the Joint and embedded 
equally In the concrete on e:ich side thereof. 

25. Expansion Joints shall be located 35 shown on the drawing or ;is specified. 

26. Elastic Joint filler or an approved type shall be placed In joints of concrete 
structure where shown on the drawings. Unless otherwise specified, the elastic 
filler shall be performed, non-extruding, resilient, self-expanding type, formed from 
clean, granulated particles securely bound together by a synthetic resin of an Insoluble 
nature. It shall be furnished, wr:ipped in moisture proor covering. 

The elastlc Joint filler and the concrete ilgalnst which it Is to be placed shall not be 
coated or painted. The filler shall be placed :against the previously p'3ced concrete 
before more concrete Is placed. The edges of the filler shall be placed at a prescribed 
distance back from the finished surface of the concrete. In no case shall the elastic 
joint flller be unwrapped and placed In the Joint more than four hours before placing 
the final section of concrete. Care shall be taken In storing and h:mdling the filler 
so that the wrapping is not disturbed or broken, which may permit hydration. 

27. If specified, non-corrosive metal, rubber or polyvinyl chloride water stops 
shall be placed In Joints or structures :is shown on the drawings. The contractor shall 
fabricate all special intersections, splices and joints, and make bends :?t corners :as 
shown on the drawings. All joints, splices, bends and Intersections shall be made In 
strict accordance with the printed Instruction~ of the manufacturer. These water 
stops shall be stored strictly in :iccordance with these instructions. 

28. (1) The time and method of removal of forms shall be a; directed by the Engi
neer-in-charge. Removal shall be done with care to avoid Injury to the concrete. No 
loading on green concrete shall be permitted. As soon as the forms are removed, the 
surface of the concrete shall be carefully ex:imlned, and any Irregularities lmmedlitely 
repaired to the ntisfactlon of the Engineer-In-charge. 

(11) Unless otherwise specified, during a moderate weather (about 60° F) t_he form 
work _for various types of work shall be removed after the period shown In the follow
ing table:-

Type of Formwork Ordinary Portland 
cement 

------ ------
(a) Formwork to vertical surfoces such 

as beam, side wall and column. 
(b) Slab (Props left under). 
(c) Beams soffits (Props left under). 
( d) Props to slabs. 
(e) Props to beams. 
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If the temperature falls down to 45• F, the above timings shall be multiplied by I½ 
and If it falls down still further I.e. up to -40° F, the time shall be doubled. 

29. (i) Unless otherwise specified or dlrccte~ the Engineer-in-charfe, all con
crete sh:ill be cured by water curing as hereinafter specified. 

(II) Horizontal concrete surfaces cured with water shall be kept wet for at lean 14 
consecutive days Immediately following placement. They shall be covered with water
saturated m:iterial like gunny b;igs, canvas, cle:in sand, m:ittlng, etc., or by any other 
improved method duly approved by the Engineer-in-charge which will keep these sur
faces continuously (not p<:!"iodiolly} wet. Watar used for curing shall be according to 
Speclfic:ition. No. 2.1 for water. 

(111} Unless o~herwise sp2.:ified, the curing of vertical surfaces shall be done Initi
ally by l::?aving thi! forms in pllce, hlnging unvas or hessian cloth over the completed 
work and keeping it wet or by covering plast ic sheet or membrane. 

(iv) Membn,c curing shall he ;idopted as :. substituto? for wet curing only .,·hen so 
specified or permitted by the Enginecr4 i11-ch;irg~. The compound of lpproved quality 
shall be sprayed oil finisricd sudilcc as soon ;is th-e surface water ha, disappeared. Un
less otherwise sp~cified, spr:iying equipment sh:ill be of the pressure tank type with il 

provision for continu:il agitation of the contents during application. If forms are re
moved during the curing period concrete shall b: sprayed lightly with water and the 
moistening continued till the surface does not absorb water. The compound shall 
then be sprayed or brushed over. Care sh:ill be taken th:it the film of this coating is 
not punctured during the curing period . 

30. Finishing of concrete surfaces sh:ill be pi!rformed only by skilled workmen and 
In the presence of the Engineer-in-charge. Concrete surfaces shall be tested, where 
necessary, by the Englneer•ln-ch:irge to determine whether surface Irregularities are 
within the Umlcs hereinafter specified. Surface irregularities shall be classified u 
"abrupt" or "gradual". Offsets caused by displaced or misplaced form seating or lin
ing, or form sections, or by loose knots In forms, or otherwise defective form lumber, 
shall be considered "abrupt" Irregularities and shall be tested by direct measurement. 
All other lrregu'3rltles sh:ill be considered "gradual", and shall be tested by using a 
template, consisting cf a straight-edge or Its equivalent for curved surfaces. The 
length of the template shall be 5 feet for testing formed surfaces and IO feet for testing 
unformed surfaces. 

Unless otherwise specified, the contractor shall clean :ill exposed surfaces cf un

sightly encrustations and stains before the work is accepted. 

Unless otherwise specified, the classes of finish for formed surfaces shall be as fol
lows:-

(a) Formed surfaces upon or against which backfill or concrete is to be placed shall 
not be treated after the forms are removed, except In case of the removal and repair 
of defective concrete and the specified curing. Correction of surface Irregularities 
shall be required only for depressions exceeding one Inch. The depressions shall be 
measured as described In the preceding sub•clause. 

(b) Submerged and below ground formed surfaces which are not exposed t? the 
action of flowing water and are not prominently exposed to public view shall nei!d no 
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Screeds 

Repairing Con
crete Surface 

sack rubbing and no grinding other than that needed for repair of surface Imperfections. 
Surface irregularities, measured as described In the preceding sub-clause, shall be 
classed as "abrupt", if they do not exceed 1/4 Inch, and "gradual", if they do not exceed 
1;2 Inch. 

(c) In the case of above ground formed surfac~s of structures which are prominent
ly exposed to public view, such as buildings. bridge decks, piers, abutments, caps. walls, 
headwalls, curbs and other structures there shall be no visible offsets, bulges er mis
alignment of concrete. Surface Irregularities measured for abrupt irregularities shall 
not exceed 118 inch and for gradual irregularities li4 Inch. 

(d) The surfaces of all waterway passages, including the interior surfaces of cul
verts, conduits, aqueducts, drainage Inlets, silt ejectors, regulators. and all other for
med surfaces subject to the action of flowing water, shall not have surface irr~gularltics 
exceeding 1/8 Inch for abrupt irregularities and 1:4 inch for gradual irregularities. 

Interior unformed surfaces shall havP. a slope for drainage where shown on the 
drawings or as directed by the Engineer-in-charge. Surfaces which wil~ be exposed to 
the weather and which should normally be level, shall have a slope for drainage. Un
less the use of other slopes on level surfaces is indicated on the drawings or directed by 
the Engineer-in-charge, narrow surfaces, such as tops of walls and curbs shall have a 
slope of approximately I /ii inch per foot of width. Broader surfaces, such as platforms 
and decks, shall have a slope of approxim:itely I '8 inch per foot. Unless otherwise 
specified, classes of finish for unformed surfaces shall be as follow§:-

(a) Unformed surfaces that wJII be covered by bilckfrll or concrete shall be finished 
by sufficient levelling and screedlng to produce an even uniform surface. Surface irre
gularities, measured as described in the preceding sub-clause, shall not exceed 
3/8 ii·ch. 

. (b) A hard steel trowel finish shall be .1pplled to unformed surfaces that shall be 
exposed to view or that shall be subject to the action of flowing water, Floating and 
trowelllng may be performed by using hand or power-driven equipment, Floating 
and trowelling shall be started as soon as the 1creeded surface has stiffened sufficiently, 
and shall be the minimum necessary to produce a surface free from screed marks and 
uniform In texture. Surface Irregularities, measured as described in the preceding 
sub-clause, shall not e><ceed 1/4 inch for gradual irregularities :ind no trowel marks or 
abrupt Irregularities shall be permitted. Joints and edges shall be tooled. 

31. Slabs or other members not required to l>e shuttered shall be screeded with a 

steels hod screed to give a smooth, dense finlsh. Care shilll be t:1kcn to ensure that the 
concrete Is properly "closed"'. 

3:. If on the strippin6 of farms. co1crctc i: found tu be aot formed a: shown on 
the drawings, or is out of alignment or level, or shows a defective surface, it shall be 
considered not conforming to the lnt<:?nt of these specifications and shall be removed 
and replaced by the contractor at hls expense unless the Engineer-In-charge grants per
mission to repair the defective area, in which case patching shall be performed as des
cribed in the following sub-clauses. 

Defects that require replacement or repalr arc honeycomb surfaces resulting from 
the stripping o~ forms. loose pieces or concrete, bolt holes, tie rod holes, ridges at form 
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joints and bulges caused by the movement of the forms. Ridges and bulges shall be 
removed by chipping or tooling followed by rubbing with a grinding stone. Honey• 
comb and other defective concrete shall be c~ d out, a~d Ele chipped openings shall 
be sharp-edged and shaped so that the filling shall be keyed In place. All holes shall 
be thoroughly moistened for 24 hours before the filling is placed. The surface of the 
filling shall be finished flush with the surrounding wall, and shall have the same texture . 
All patches sh:ill be cured. 

When In the opinion of the Engineer-in-charge the extent of Imperfections In 
structures exposed to view :ire such that patching alone would not produce satisfactory 
.results, the contractor shall have co give a. sack rubbed mort:ir finish In accordance with 
the instructions of the Engineer-In-charge. 

Imperfections, bolt and tie-rod holes, shall be filled with dry patching mortar com
posed of one p:irt of Portland cement, two parts of regular concrete sand and Just 
enough water so that ingredients are thoroughly mixed and mortar sticks together on 
being moulded into a ball by slight pressure of the hands whlc:n does not extrude free 
water. Mortar repairs shall be placed In thin layers and thoroughly compacted by 
suitable tools. Care shall be taken In filling rod, bolt and pipe hole so that the entire 
depth of the holes is completely filled with compacted mortar. Where concrete Is 
exposed to view, mortar shall be made to match the colour of the concrete by sub
stituting white cement In the required amount for a portion of the regular cement. 

33. Concrete shall be measured to the neat llnes ofthe structures as shown on the 
drawings or as modified by the Engineer-in-charge for the appropriate parts of the 
structures In which such concrete is incorporated. In measuring concrete, the volume 
of openings, recess ducts, embedded piping and met:il work (each of which larger than 
36 square Inches in cross-section) shall be deducted. Concrete shall be measured by 
volume. The unit of measurement shall be 100 cubic feet. 

34. The unit rate per t 00 cubic feet shall include the cost of cement, sand, aggre
gate, water~ mixing, placing, vibrating, curing, preparing, assembling and removing 
form, and all other operations, procedures and requirements necessary to finish the 
concrete in accordance with these specifications. 

NO, 20.2 PRECAST CEMENT CONCRETE 

Specifications 

I, Unless otherwise specified, precast units shall be prepared as shown on the 
approved drawings according to the following speclficatlons:-

'2. In laying out the workyards the contractor shall provide a precastlng floor of 
3 to I concrete-In-mass at least 6 Inches thick to be laid over the entire floor area where 
precastlng Is to be done. The surface of the floor shall be finished perfectly true and 
level with a steel trowelled finish so as to produce even and fair beds for the concrete 
co be made thereon. Precautions shall be taken to prevent settlement of the floor. 
Should settlement take place the floor shall be relaid or other means adopted to rein• 
state the level surface before It is used again. During the time the floor Is In use It 
shall be kept true, level, clean and dry. Drains shall be provided to drain away the 
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Mould• 

Design of Moulds 
and Llftin1 
Apparatus to be 
Approved 

Settln1 up Moulds 

Depo1itin1 
Concrete in Moulds 

Removal of Moulds 

Precut Concrete 
not Square or 
Honeycombed 

8,:oken or 
Dama1ed Precast 
Concrete 

surplus water quickly, ands ufficient space shall be provided between the v.irlous mould:. 
to allow working room for handling them and clearing debris. 

3. Unless otherwise specified, the moulds In which the concrete is precast shall 
consist or mild steel and shall not be less than 3/ I 6 inch thick for small Items and 1/'4 
Inch thick for large items, and suitable arrangements shall be made to prevent them 
from bulging. In all cases suitable precautions shall be taken to maintain the moulds 
vertical, rectangular and with true faces during the time concrete Is being filled In and 
packed. Core pieces of the required shapes to form chamfers, radii, joggle recesses, 
cavities, tongues, grooves, and other recesses or chassis shall be provided and firmly 
attached to the Inside faces or the moulds. Wooden moulds may be used for small 
non-repetitive Items. 

4. The general arrangement of the floor with its mixing m3chines, methods of 
supplying materials to the machines and transporting concrete from them and the de
talt designs of the moulds shall be duly approved by the Engineer-in-charge. Methods 
of lifting precast concrete shall also be approved by the Engineer-in-charge. 

5. The floor shall be thoroughly cleaned and dried and cleared of all cement, scum 
and debris before setting up ,he moulds. The inside faces of the moulds shall be tho
roughly cleaned and, if necessary, scraped. The moulds shall be set absolutely square 
and vertical. Their i nslde faces and the floor shall be coated with a vegetable oil or 
other parting agent duly approved so that concrete does not stick to them. The moulds 
shall be maintained in a serviceable condition, alt damaged fittings and core pieces 
shall be replaced when required, and the v:irious parts shalt be checked from time 
to time to see that no distortion or alteration In size has occurred. 

6. Concrete shall be transported from the mixing machine to the moulds as 
quickly as possible and shall be deposited and spread in them in layers. Each batch of 
concrete shall be well worked in and thoroughly packed against the faces of the moulds. 
On the completion of each block, its top surface shall be well beaten down and struck 
off true and level by means of a long straight edge and finally floated off with a hand 
float. When the manufacture of an item has begun the supply of concrete shall be con
tinuous and the item shall be finished off complete in one operation. 

AU precast concrete shall be kept continuously watered for a period of at least 28 

days after casting. 

7. When the concrete has set sufficiently the sides and ends of a mould shall be 
slackened off and eased away from the face of the green concrete to allow the circula
tion of air but this shalt not be done till twenty-four hours have elapsed since con· 
creting was completed, except when Items have hollow faces. 

B. If the sides or ends or any precast concrete are not true as ii result of the bulg
ing of the mould or foulty setting, all such roundings or inequalities shall be dressed off 
neatly and accurately by masons so as to produce true and even faces when it is set In 
position. If honeycomb exists in 3 slight degree only it shall be stopped neatly and 
carefully with 2 co I cement mortar rubbed In with dry sand by means or a hand float 
fair with the general face of the block. Precast concrete that is irreparably out or 
square or badly honeycombed shall not be accepted for use In the permanent work. 

9. Broken or damaged precast concrete shall not be allowed to be set anywhere 
in the permanent work unless approved Jn writing by the Englneer-in·charge and pro
vided chat the concrete shall be good and sound. 
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10. No precast concrete shall be lifted off the Hoor till at least seven days have 
elapsed after precasting it. Its date of manufacture shall be legibly written on the top 

directly after It h:as been floated off and finished. 

11. The precast concrete :ifter being cured shall be placed in stacks to mature and 

air space shall be left around each one of them. 

12. No precast concrete shall be set In the permanent work unless four weeks 
have elapsed since its date of manufacture., 

13. In all other respects precast concrete shall conform to Specifications No. 20.1 

for Cement Concrete (General). 

NO. 20.3 MOULDED CEMENT CONCRETE 

Specifications 

I. All copings, landing, steps, slabs, ashlar and other similar things specified or 
shown on the drawings to be moulded concrete shall cons1St of well-graded aggregate. 
The proportions of Portland cement shall be as specified. Concrete shall be cast In 
strongly proportioned moulds fitted with all requisites for the formation of chamfers, 
radii, V-grooves, recesses, lewis holes, etc., to produce blocks perfect In shape, true to 
dimensions, having smooth and true faces and clearly defined chamfers, radii and sharp 
arrlses on all exposed edges. 

2. Concrete shall be depomed slowly in layers, and shall be thoroughly worked 
In and packed so as to dispel all air and fill the moulds perfectly. The moulds shall not 
be slackened off or removed till a period of 36 hours has elapsed since the blocks were 
made. Immediately after the removal of moulds, the back and side joints ofthe blocks 
against which concrete-ln•mass or mortar will abut shall be thoroughly roughened 
whilst the concrete is still green. No plastering of any exposed face or surface shall 
be allowed. All moulded concrete shall be kept continuously watered for a period of 

at least 28 days after the moulding. 

3. If so specified, the top surface of copings of all descriptions and the treads of 
steps shall be Impregnated with carborandum grains dusted through a No. 12 mesh 
h:md-screen upon the concrete in such a manner as to ensure an even distribution. 
E:ich superficial square yard of surface so treated shall receive 2¾ lbs of carborandum 
gri.l!ns which shall be well worked Into the surface of the concrete by a wooden hand 

float. 

4. Nipper holes shall not be allowed In any exposed face whatsoever and If lewls 
holes are to be provided they shall be filled solid with I to 2 grout at the same time as 
the Joints are filled. Lewis holes shall not be allowed In copings, but V-grooves shall 
be provided which can be used for setting with chain dips. 

5. In all other respects moulded concrete shall conform to Specifications No. 20.2 

for Precast Concrete. 
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Reinforcement 
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Reinforcement 

NO. 20.4 REINFORCED AND PRESTRESSED CEMENT CONCRETE 

Specifications 

I. Materials for reinforced concrete and prestressed concrete shall be so pre· 

portioned as to form a concrete of the strengths not less than specified below:-

Detail 

Prestressed concrete 
Reinforced concrete 

Concrete-In-mass 
aggregate to cement 

'4 to I 
S to I 
6 to I 
7 to I 

Grout (for '4 Inches cube) 

CUBE STRENGT~ 

lb/sq. Inch 
Within ·1 days 

:ifter mixing 

3,750 
2,500 

2,100 
2,000 
1,900 
1,800 

2,500 

Within 28 days 

after mixing 

5,625 
3,750 

3,400 

3,300 
3,200 
3,100 

2. Unless otherwise specified, the nominal size of graded :iggregate shall be:

(a) Floors, piers, abutments, and such like: It inches to 3/ 16 inch. 

(b) Prestressed beams for bridges: i inch to 3,'1 6 Inch. 

3. Unless otherwise specified, reinforcement shall conform to Specifications No. 
I 0.1 to I 0.3. Reinforcement shall not be stacked on the ground to save It from 
mud, rust or other dangerous coatings. Different sizes shall be stacked separately 
to facilitate Identification. The bent bars ready for fixing shall be correctly marked 
In order that there ls no difficulty In selecting the correct bars. The bars to be fixed 
shall be free from dust, oil, paint, rust or loose scale. All bending of bars shall be done 

cold by the application of slow, steady pressure or with a suitable machine. No heat
ing of bars shall be allowed except fer fhhtailing. Welding shall be permitted under 
suitable conditions and safeguards in accordance with Pakistan Standard Specification 

for Welding. Where the reinforcement Is congested or complicated, spot welding 
shall be done for the assembling of reinforcement. 

4. The number, size, length, form and position of all bars, links, stirrups, distance 

pieces and other members of the steel reinforcement shall be in exact accordance with 
the working drawings. The contractor shall take p:irtlcular care that the reinforce
ment is laid out correctly In every respect and temporarily suspended by annealed wire 
or supported on small tapered concrete blocks in the forms to prevent displacement 

before or during the placing of concrete. Pieces of steel or wood shall not be used on 
the bottom boards or against the sides of moulds for this purpose. Stirrups and dis
tance pieces shall be kept tight to the bars they embrace or support. Stirrups shall 
be kept away from the face ofthe concrete at the distance shown~on the working draw
ln,s. 
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5. Laps In bars in any member shall be staggered . The length of lap In bus In 

tension shall not be less than: 

the bar diameter ·. - . ----------- - -
4 times the permissible avera~~nd stress 

the tensile stress in the bar 

or 30 b1r diilm?ters, w'1i::::h~ver i, gr,n~er. 
The length of !Jp in bars In compression shall not be less than : 

the compressive stress In the bu 
the bar diameter x 5 times the permissible 3verage bond streu 

or 2-4 bar diameters, whichever is g reater. 

In case of dE":formed bars 15 pe r ce nt increased bond stress shall be allowed. 

6. All bent up bars acting as shear reinforce ments shall be fully anchored In both 

flanges of the beam. The anchorage length shall be measured from the end of the ,lop

ing portion of the bar. 

7. Hook\ shall be of such form, dimensio ns and arrangement as to ensure their 

adequacy without over stressing the concrete or other anchorage material. They shah 
normally be of U-typc, unless otherwise specified, :ind shall be of following dimensions: 

(1) the internal radius of the b:md should be at least twice the d iameter ofthe 
bar except where the hook fits o·;er a main reinforcing or other adequate 
anchor bar, when the radius oi the bend m:1y be reduced to that or such 

bar: and 

(•i) the length of straight bar beyond the end of the curve shall be at least four 

times the diameter of the bar. 

8. A bar in compression shall extend from any section fer a distance that the 
average bond stress does not exceed the permissible I lmlt by more than 25 per cent. 
This condition shall be satldied If the length measured from such section Is not less than: 

the bar diameter ;.: 
the compressive stress in the bar 

5 times per ;nisS1ble average bond ~tr.?SS 

The bar shall extend at least 12 bar diameters beyond the point at which It Is no lon
ger required to resist stress, 

9. The horizontal dlstanc':! between two parallel steel bars sf1all not be less than 

the three following distances, unless otherwise specified:-

(!) The diameter of either bar, if their diameters are equal. 

{II) The diameter of the larger bar, If the diameters are unequal. 

(111) l Inch more than the nominal maximum size of the coarse aggregate 

used In the concret~. 

A greater distance shall be provided when convenient. 
A vertical distance between the two horizontal main steel reinforcement or corres
ponding distance at right angle to two Inclined main steel reinforcement shall not be 
less than½ Inch or the nominal maximum size of the aggregate, whichever Is greater, 
e,ccept where one of these reinforcements Is transversed to the other. 

10. Binding wire for steel reinforcement shall be soft annealed wire of No. 16 
gauge and lashings. It shall be considered enough to secure the bars In position. 
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ln1pection of 
Reinforcement 

CoveroYer 
llelnforceme11t 

Depo1itin1 
Concrete in Forms 

Removal of Form1 

Curing Reinforced 
and Prestre11ed 
Concrete 

11. After reinforcement has been placed and fixed in the correct position, 
no concreting shall be done unless the Engineer-In-charge has Inspected and approved 
It. 

12. Unless otherwise specified the following minimum thickness of concrete 
cover, e>ecluslve of plaster or other decorating finish, shall be provided In all cases:-

a) for each end of reinforcing bar, not less than I inch or twice the diameter 
of such bar. 

b) for a longitudinal reinforcing bar In a column, not less than I½ Inches or 

the diameter of such bar. In the case or columns with a minimum dimen

sion of7½ Inches or less where bars do not e>eceed t Inch diameter, one 
inch cover shall be used. 

c) for longitudinal reinforcing bar in a beam not less than one Inch or the 
diameter of such bar. 

d) for tensile, compressive, shear or other reinforcement in a slab not less 
than ½-Inch or the diameter of such reinforcement. 

e) for any other reinforcement not less than ½-inch or the diameter of 1uch 
reinforcement. 

f) in case of works In saline or corrosive conditions a minimum of I½ Inches 
cover over bars, stlrrups or links. 

13. Concrete shall be deposited In the forms In layers or as best suited to the 

work In hand. Concrete shall be well packed and rammed between and around 
reinforcement. Flat wooden tools, rammers and spatulas and subsequently vibrators 
shall be employed to ensure compact concrete and smooth surfaces to the face work. 
Great care shall be exercised to prevent the dlsplacement or bending of any portion 
of reinforcement. 

14. In all cases the contractor shall satisfy himself that reinforced and prestressed 
concrete has thoroughly set before removing formwork and shuttering or supports 
and shall obtain the permission of the Engineer-In-charge before removing form

work, shuttering and supports. The following minimum times shall elapse after 
depositing reinforced concrete In forms before the later may be removed. 

Sides to piers, abutments, beams, etc. . . 
Props to slabs and beams 

Props to beams and slabs in composite • , 

action 

Cold 
Weather 

3 days 
10 days 
14 days 

Hot 
Weather 

2 days 

7 days 
10 di\ys 

Shuttering of the hollow sides of the prestressed concrete bridge beams shall, how
ever, be removed before concrete starts shrinking. 

IS. Relnforc:ed and prestressed concrete shall be watered and kept wet for 28 
days. If reinforced precast articles are stacked previous to use In the work, they shall 
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be sticked on battens or othe~wise kept apart to allow free circulation or air around 
each member. No load of any kin:I shall b~ Imposed on any reinforced concrete mem
bers after the removal of the supports untl! Cjncrete is well cured. 

16. In all other respects it shall conform t.;, Specifications No. 20. I for Cement 

Concrete I General. I 

NO. 20,5 LIME CONCRETE (ORDINARY) 

Specifications 

I. Aggregate shall consist or either brick ball.1st, broken stone or shingle. It shall 
comply with the Specification,; No. 6. I tB) for Coarse Aggregate. 

2. Unless otherwise specified or directed, the size or the aggregate shall not ex
ceed I! inches gauge for ordinary lime concrete and ~-inch gauge for fine lime con
crete. All coarse aggregate shall be screened through !-inch mesh co remove dust 

and rubbish. 

3. Unless otherwise specified, lime shall be stone lime and shall comply with 

Specifications No. 3.2 for Stone Lime. 

~- Surkhi shall comply with Specifications No. 6.2. 

5. Unless otherwise specified, concrete for ordinary works shall consist of 13 
cubic feet of lime and 26 cubic feet of surkhl mixed with 100 cubic feet of aggregate. 
For Important work the proportion shall be 17 cubic feet of lime, 34 cubic feet of surkhi 
and 100 cubic feet of aggregate, all mixed dry before the addition of water. 

6. If aggregate is brick ballast, it shall be soaked by heavily sprinkling with water 
for at feast 3 hours before the layer of surkhl and lime Is added. 

7. The materials shall be measured and mixed on a pucca platform and protected 
from any admixture of earth, dirt or other foreign matter. The measurement shall 
be done by stacking the ballast in a rectangular layer of one foot thickness and spread
ing on its top the mixed surkhi and lime in a uniform layer ofthtckncss to give the 

specified proportion. 

8. The materials shall be turned over 3 times dry and 3 times wet, The quantity 
of water which shall be added by means of a can fitted with a rose shall be Just enough 
to make a wet, but not sloppy, concrete. No further water shall be added either dur

ing laying or ramming, 

9. The mixture shall at once be laid (not thrown from a height) in layers not ex

ceeding 6 inches in thickness, and thoroughly consolidated with rammers, Square 
rammers shall be used for consolidating the edges. Consolidation is not considered 
complete till a skin of pure mortar covers the surface and completely hides the aggre
gate and till a stick dropped endways from a height rebounds w!th a ringing sound. 

10. The mixing and ramming shall go on continuously when once started. No 
concrete shall be placed later than two hours before work Is stopped for the day. 
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Other Re1,2ects 

Aggregate 

Size of Aggregate 

Lime 

Surkhi 

Proportion 

Soakin1 

Platform for 
Stacking and 

Mixing 

Mlxint 

Laying and 
Ramming 

To be Continuous 
and Adequate 



Test 

Joints 

Curing 

Protection 

Measurement and 
Rate 

11. Unless otherwise specified, the following test shall be applied. Two days 
after ramming is completed, a hole shall be made, wherever directed by the Englneer
in•charge, and filled with water. If the water is retained in the hole, It means the con
crete ls good and well compacted; otherwise (if the water runs through), the concrete 
is either not properly rammed or the quantity of mortar used ls insufficient. Any 
layer of concrete which falls to pass this test shall be remcved and repl:iced by sound 
and well-rammed concrete at the expense of the contractor. 

12. The lower layer shall in each case be ~wept or washed clean before the next 
is laid. Where Joints In layers are unavoidable, the end of each layer shall be sloped 
at an angle of 30". Where vertical faints occur in an upper and lower layer they shall 
be at least 2 feet apart horizontally. 

13. When completed, concrete shall be kept wet for a period of not less than 
1-4 days. No brickwork or masonry shall be laid on concrete for at least 7 days 
after laying. 

14. In all concrete work suitable plans and gangways shall be provided to prevent 
traffic over the surrace of the work. 

15. In respect of measurement and r:ne it shall conform to Specifkations No. 20.1 
for Concrete (General). 
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TABLi: 

V,\l{lATIOf,,1 OF ST!\ENGTH OF 1:1:4 CONC;\ETE WITH VARYING 
/,MOUNT OF MIXING WATEn 

Spcc11,1e:i I 2 ] .. s 
---

W1tcr, !!lllon pe,· b:11, of ccrnc-,~ s s 6 61 {,} 
• 

Slump, inches ¼ 2t 6l 7 81 

C11inder Urt!nith, p; .; Q')') ·1.!l~J ·1.o:iO 3 J!·J 2.540 

Cement co:ltcnr, b1g: per cu. yds. or co1crct.: s 5 s s ; 

TABLE l 

CONCRETE MIXES USED F~n VARIOUS TYPES OF WORK 

Nomin:al volumetr,c 
pr.>portlons 

: ., : 8 

: 3 : (; 

: 2 : ·I 
: ] : ] 

I : I} : J 
I : 2 : 3 

I : 2 
q : q 

Concrete 

Q •JJ,1titics of Matuills required 
per 100 cu. ft, of fonilhc:d concrete 

c~men: 
Cwt. 

9 6 
I) 0 

17.f, 

17.6 

22.4 
:u.o 

ll . 5 
l I. s 

Slnd 
C.J ft, 

-ta 
46 

-H 
61i 

42 
S? 

]9 

59 

Coune 
:aggregate: 

cu. ft. 

96 
92 

88 

66 

JI 
1a 

7:l 

sa 

Type or wcrk for which 
used 

MlSs c:,:-:cr.:?t:: fo:.!nda:,or: 

t ic: !. wJ''s. c1,:,~o 1. ct:: 
Bh.dan;; lljC"!, 

Gcn:~:il r:i nfo·to?:! cor.crc:c 

bu,ld,:ii: ;aid sim,::ir w ~r~. 

bcl1n, sl:!:; , Haan, lowl~:icJ 
columM , fo .1 1-latior.s, rc;:iir.

an; w:ilb, b:rnkc,s , s"ks. 

lmp::rmc:.:.le construcdon, 
w,1ti:r r.::~rvoirs. concrete 
deposited under w:.ot~r. 

bridle constructior.s, p,lcs . 
medium b:i:I columM. 

Lo:ig spu :i, ,ns, hilh lo1J 

column,, prc,trcsu:-d con

crete work. 
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TABLE 3 

NET WATER-~EMENT RATIOS FOR VARIOUS TYPES OF CONSTRUC· 
TION AND EXPOSURE CONDITIONS• 

MIid climate, rain or semi-arid, rarely snow or frost 

Type or loc1tion of structure 

A, At the w:11ter line in hydr:1ul1c or water
front structures or portions of such 
structura where complete saturation or 
Intermittent saturation It poulble, but 
not where the structure Is contlnuoutly 

subm•r1•d 

In sea water 

In fresh water 

B. Portion of hydraulic or water front struc. 
tures some dist:ince from the w1ter l,ne 
but subject to frequent wetting. 

By sea water 

By (resh wuer 

C. Ordinary exposed structures, buildin1s 
and portions of brid&es not coming under 
above groups 

D. c.,mplete continuous submergence: 

In sea w;atcr 

In fresh water 

E. Concrete deposited through water 

f . Pavementslabs directly on ground: 

Wurlngtfabs 

8111 &lllbS 

Gallons per b:ir of cement 

Thin Sections ! Moderate Sections · 

Relnfed 

5 

5~ 

5~ 

6 

6 

6 

6~ 

•• 

6 

7 

Plain I Reinfcd j~ 

•• 

6 

7 

•• 
•• 

5! 

6 

6~ 

7 

7 

6' 

7 

5! 

He;avy 
:and mass 
sections 

' 
6l 

7 

7~ 

7J 

7 

7~ 

s, 

•• 
•• 

G . S;,eclal c1ie : For concrete not exposed to the wuther,such :is interiors or building :ind portion 
of structures en ti rely below 1round, no cxposu re hazard is involved and the w:ner•ccment ratio 
should be selected on the b:uls of the strcncth :1nd work-ability requirements. 
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TABLE 4 

COMPRESSIVE STRENGHTS FOR VARIOUS WATER•CEMENT RATIOS 
(ORDINARY AND RAPID-HARDENING CEMENTS)• 

N:t ·N:a~?r•c:ment rltio•• 

------ - - -
By weight G:illons per b;ig 

of cement 

- ----
0 , 36 4 

0.'40 "'i 
o ... s 5 

0.-49 Si 
o.s .. 6 

0.58 6) 

0.63 7 

O,G7 1 . 

0.72 8 

0 , 76 86 

Probable cube crushin& strength , psi 
- ---

Ordin:ary Portl:ind 

--------
7 days 28 d:ays 

5,600 7,300 

S,000 6,700 

'4,lOO 6,000 

3.700 s ... oo 
3,200 4.700 

2.800 4.200 

2,-400 3,700 

2.IOv l.)00 

1,800 3,000 

1,600 2,700 

Rapid h:ardcnir,g 
Portla11d 

7 d:ays 28 d:.ys 

6,800 8,'1CO 

6,000 7,700 

S,-400 6.900 

'4,800 6,300 

'4,100 5,600 

3,700 5,100 

3,200 '4,500 

2,900 '4,100 

2,600 3,600 

2,400 3,300 

•Adlpt,d from Design of Concrete Mixes. Rold Note No. 4, Dcp:artment of Scientific ;and 
lndustri:al Res~irch. Grc:it Britain. 

..Sur(.aco niter c:irried by the aggre,atc must be included as par: of the mi1ung water. 

TABLE S 

ESTIMATED RELATION BETWEEN THE MINIMUM ANO AVERAGE 
CRUSHING STRENGTHS OF WORKS CUBES FOR DIFFERENT WORKS 

CONDITIONS• 

Works Conditions 
Minimum strencth :as percentase 

of :average strength 

Very go:>d control with Wo!ight b.1tching, moltture 
determinations on ;aggreg:ates, etc .• con,tant supervision 

fa,r c.,nuol with wi:,,:ht b.atching 

Poor control, volume b1td,ing of ~ggreg110::s 

75 

60 

-10 

•Ad:ipted from Design of Concrete Mixes , Rold Note No. -4 , Deputment of Scientific .and 
lndustri.11 Rcsurch, Grnt Brinln . 
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TABLE 6 

RECOMMENDED SLUMPS FOR VARIOUS TYPES OF CONSTRUCTIONS• 

T fpe of Construction Slump in lnchet 0 

------·--- -
Maximum Minimum 

Reinforced foundnion w;1lls :1nd foot inp 

Pl3in footi:igs oiuons, :in~ sub-:u;J: turc Wlll~ 

Sli1bs, ba.ims, Jnd reinforced w. !I~ 

Building columns 

Pavements 

Heavy mass construction 

5 2 

4 I 

6 ] 

6 3 

3 

J 

•Adapted from Table -4 of the 1940 Joint Committee Report on Recommend~d Practice and 

Standard Speclliations for Concrete and Reinforced Concrete. 

.. When high frttquency vibrators :an used, the values given should be reduced about one-third, 

TABLE 7 

MAXIMUM SIZE OF AGGREGATE RECOMMENDED FOR VARIOUS TYPES 

OF CONSTRUCTIONS• 

Maxi mum si:,;c of ~uregJtc m inches .. 
Minimum 

d imttnsion of 
seetion ltnchcsl Reini:irc~d walh. 

belnu :111:t 
c~lumn~ 

Unreinforced 
walls 

He1vily 
reinforced slab~ 

Lightly rein· 
fo rced or unre

inforced slab~ 

2!-5 ' . :.: -. 
6-11 ,_,, . . 

12-29 lt-3 

JO or more I' ~ _., 

. 
I : 

J 

(, 

;-r 
I; 

li-l 

l ; -3 

l-16 

1!-3 

J 

J-6 

•Adapted fram Recommcrdcd Prnct1cc for the Deslen of Concrete Mixes (ACI 613· 44), Amerian 
Concrete Institute. 

••e:ued on squue openings. 
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TABLE 8 

APPROXIMATE SAND ANO WATER CONTENTS PER CUBIC YARD OF CONCRETE• 

Based on a11re1aces of a.erase 1radin1 and physical characteristics In mixes havln1 a 
water-cement ratio of about 0.57 by wel1ht; J-ln. slump, and natural sand havln1 a F.M •. 
of about 2.75. 

Rounded coarse asgregue Angular coarse 111regue 

Maximum size of 
coarse 1gcreg1te Sand per cent Net water Sand per cent Net water 

Inches of total content per of total content per 
aggregate by cubic yard, aigreg11te by cubic yard, 

:absolute volume lb. absolute volume lb. 

--- -- --- ---
I 51 335 56 360 
} '46 310 51 335 

I 41 ]00 '46 325 
Ii 37 280 '42 30) 
2 J.I 265 39 290 
3 31 250 36 275 
6 26 220 31 245 

Adjustment of Values In Table 8 for other Conditions 

Changes in conditions stlpulated in uble 8. 

Each 0.05 Increase or decrease in water•cement ratio 
Each 0.1 Increase or decrease In F.M. of sand 
Each I In . Increase or decre:ue in stump 
Manufactured sand (sharp :and :angular) 
For less workable concrete as In pavemenu . . 

Effect on value1 in uble II 

Per cent Hnd•• 

±I 
:ti 

..:.. 3 

-3 

Unit water 
content•• 

0 
0 

±3% 
- 15 lbs. 
-8 lbs. 

•Adapted from Recommended Practice for the Design of Concrete Mixes (ACI 613-44) 
Amerian Concrete Institute. 

u( + ) lndiates an increase and {-) a decrease corresponding to the conditions suted in the tint 
column. 

TABLE 9 

EFFECT o;: GAAOATION OF COARSE AGGREGATE ON CEMENT 
REQUIREMENT 

Water content 6¼ 1al, per baa of cement content de1ree of workability 

Composition of coarse a11re1ate per cwt Optimum• Cement required at per cent 
sand Indicated, ba&s per by weight amount of sand 

cu. yd. 

3/16 to 3/8 In. 3/8 to l /4 In. l /4 to I l In. Per cent Optimum 35% 

----
35.0 00.0 65 .0 40 4.5 4.B 
30 .0 17.5 52,5 .. , '4.5 4,9 

25.0 30,0 '45.0 41 4.5 5,1 

20.0 48.0 32 .0 .. , 4.5 5. 0 

00.0 '40.0 60 ,0 46 4 .S 5.9 

•Amount glvln& best workability with the aiiregate. 
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FIGURE I 
WATER CEMENT RATIO BY WEIGHT 
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BRICKWORK 

Introduction 

The art or bricklaying consisu In arra:iging and beddini bricks In mortar so as to 
form a homogeneous mass and bond them In a manner that the point or other loads 
and stresses are dispersed and distributed through the mass without tending to disln· 
tegrate the structure. Brickwork has a wide variety of uses e.g. to arry heavy lo3ds 
as In engineering structures, to resist chemical attack as In sewers. to provide a wall 
facing of goo:t appearance and weather-resistance, to form a stable backing to such 
a facing or some other finish. Its :i.bility to meet these requirements depends on the 
properties of Its constituents (bricks, mortar, damp-proof courses and possibly wall 
ties), on workmanship, and the design of the structural element Itself. 

Glossary Of Terms 
Different terms used In brickwork are described below with their respective 

appllcatlon. 

In hand-made and machine-pressed bricks indentations known as frogs are formed 
In their bedding surface. The object of the frog Is two-fold: first, to form a 
key for the mortar, and secondly to provide space for the manufacturer's trade mark. 
The frog face Is kept upward In brickwork. Frogs are not formed in wire-cut bricks 
because the method of manufacture renders this Impossible. 

Course is the name given to the row of brick, between two consecutive bed 
Joints. Its thickness Is taken as one brick plus one mortar Joint. 

Bed Joints should always be normal to the pressure. 

Quoins are the external corners of walls. The term Is sometimes. used for bricks 
or stones which form the quoins e.g. quoin brick, quoin stone. 

Perpends are vertical joints or the face of the wall. In plain walling It Is necessary 
for good bond that these joints should, In alternate courses, be vertically one above 
the other. 

Stretchers are bricks laid with their lengths on the face of wall or parallel to the 
face of wall. 

Huders are bricks laid with their widths on the face of wall or parallel to the 
face of wall. 
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Froa1 

Course 

Bed Joints 

Quoin• 

Perpend• 

Stretchers 

Headers 



Bats 

Lap 

Queen Clo1er 

Kini Closer 

Squint quoins 

Keyed brick 

Cellular brick 

Plinth bricks 

Bull-nose bricks 

Cow-nose 

Junctions of 
Cross Walls 

Projecting 
Courses 

Footin1s 

Corbelling 

Throatin1 

Bats are pieces of bricks and are usually known as 1/2 or 3/• bat according to the 

fraction of a whole brick. 

lap Is the horizontal distance between the vertical joints In two consecutive courses. 

Queen closers arc bricks made with the same length and thickness but with half 
the width or a brick. They are usually placed next to the quoin header to obtain the 
lap. They are usually made economica\Jy by cutting the broken bricks. 

King closers are bricks which are cut in such a way that one end Is hair the width or 
the brick. They are used in the construction of reveals to avoid having any face brick 

less than four Inches on the bed. 

They are bricks cut or moulded to form angles other than right angles In plan. 
They arc cut to show a 3/4* brick on one face and a 1/4* brick on the return. No 

closers are then used on the front of the brickwork. 

It is used to provide effective key for plaster. 

It is used to lighten the weight or wall and to increase thermal insulation. 

They are moulded with a splay or moulding of a projection of 2lw and arc uied 

to form the top member or a projecting plinth. 

They are moulded with an angle employed to form quoins. The radius of 
the curve lies on the long centre line or the brick. 

It has a double bull-nose on end brick. 

The bond is obtained in cross or party walls abutting against main walls by placing 
a closer or 4! Inches from the face in every alternate course In the main wall thus 
leaving a space 2} Inches deep and having a length equal to the thickness of the cross 
wall for the reception of the 2¼ inches projection in every other course of the cross 

wall. 

There arc three cases in which it is necess:i.ry to enlarge the horizontal area or 
walls: first, to increase the area of the base to distribute the pressure over greater 
area or earth as In footing; secondly, to form a projection to afford a bearing area to 
support the ends of girders or joist; and thirdly, to obtain architectural effect, as in 
the construction or strings or cornices. The following two rules must be complied 
with in order to obtain the greatest efficiency. First, in any course the pro• 
Jec:tion should not exceed one-fourth the length of the brick. This is to prevent the 
bricks from overturning, provided they are properly weighted at their back end. 
Secondly, all bricks as far as possible should be laid as headers; this renders the bricks 
more secure from being drawn from the wall. 

Th!!y are the wide courses placed at the base of a wall to distribute the pressure 
over a greater area of foundation. 

le is sometimes necessary to support loads. It consists of one or more courses 
projecting a distance sufficient to afford the required bearing area for the load. 

le Is a groove on the surface of copings or string course. 
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It ls done at the highest, covering the course of brickwork. It forms the water
proof top to prevent the interior of the wall from welting. Copings are commonly 

throated. 

Copin1 

--0,ip course thrnwroff-wnerctnrof-w:lfl~t has :r dmmm:1-undcr surf.cc ami Drip Coutn 
Is usually done over arches, doors and window sills and parapets. 

Th,sc courses are horizontal projections of brickwork often constructed below 

windows. 

Various types of mortar joints for face brickwork are mentioned below: 

This joint is formed by slicing the surplus surface mortar on the face of 
brickwork. 

This joint Is formed by raking the mortar about lj<I inch or 318 Inch so that the 
joint Is In shade. It is effective when the perpends are flush. 

This joint is the best joint for reducing the ingress of water :ind is formed by 

drawing the point of trowel 3t a slight angle along the course. 

Where It Is desired to produce the even looking joints, mason's V joint is formed. 

Brickwork (Building) 
The usuil proc;edure for erecting a wall in brkks Is to build its corners or ex

tremities to a height of 2 to 3 feet. The bricks must be carefully plumbed on both 

faces. The base of the corner is extended along the wall and is raked back as the work 
Ir, carried up. The intermediate portion of the wall is then built between the two cor
ners. The bricks In the courses are kept level and straightened by building their up• 

per edges to a line stretched between the corners. The entire wall should be carried 
up simultaneously, and no part of the wall should be built higher than 3 feet of another 
part so as to avoid the risk of unequill settlements before the mortar has suffi
ciently set. 

WALL CLASSIFICATION-Walls arc di~ided into two main types: 

(a) Load bearing walls: These Include all solid building walls supporting a 

continuous load from the roofs and floors, and retaining walls for retain
Ing earth and water. 

(b; Non-load bearing walls: These include a:1 panel fi lling walls which carry no 
superimposed load. 

There are four main causes which lmp31r the durabahty of brickwork: frost action, 
crystalizatlon or soluble salts, chemic:al action and moisture movement. Since It Is the 
presence of water In brickwork which is responsible for bringing these causes Into 
action the first safeguard is to protect the work by avoiding unnecessary exposure and 
providing damp-proof courses, where pr;icticable. 

frost c:m affect both the brlc:.:s :ind the mon:ir, ;ind its effects are falrl/ straight

forward. The affected part spalls or crumbles with the action of Ice-forming In Its 
saturated pores. Crystallisation of salts and chemical action depend on the presence 
of soluble sillts which may originate in the bricks or the mortar or both. The 
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Thlcknes1 of 
Brick Walls 

movement of salts to the surface of the wall is influenced by pore structure of its cle
ments, so that some of the salts from the brick may come out at ioints and vice versa. 
It Is possible to control to some extent the Incidence of efflorescence and crystaliza

tion by ensuring that the paru at which these 3Ctlons would be least harmful arc most 
porous. In the case of chemical action, an Important type of failure occurs when clay 

bricks containing a dangerous proportion of calcium sulphate are bonded In mortar 
containing cement or covered with a rendering containing cement. In certain damp 

conditions the sulphate can combine with cement and cause general expansion and 
failure of work. 

The thickness of brick walls is regulated by the following rules which only apply 
to walls not more than -45 feet long between supports or cross walls and buildings 
three storeys high. Local authority by-laws may be referred for detailed Information. 
Walls built of various types of brickwork detailed In the table below, should not go 
beyond the maximum permissible height shown for various thlckneues, subject to the 

following further limitations. 

(i) The bricks are not less than 9 inches long. 

(ii) The thickness of external and party walls (I.e. walls separating adjoining 

buildings) Is not less than one-sixteenth of the height of the storey in the 
c.se of ordinary buildings and one-fourteenth In the case of warehouses. 
The thickness of walls below is increased to a like excent, though any such 

addltlonal thickness be confined to piers, properly distributed, of which 

collective widths amount to one-fourth of the length of the wall. 

(ill) Thirteen inches and a half is the minimum thickness for the external party 
walls of any storey more than 10 feet high. 

(iv) Walls do not support sup1:r-lncumbent external wall, and are not built of 
burnt brick In mud mortar. The thickness of cross walls is two-thirds 
the thickness of the external party walls but never less than 9 inches 

(except in case of bricks in cement suitably reinforced with steel). No 
wall should be considered a cross wall unless It Is carried up to the floor 

ofthe top most storey and unless in each storey the combined area of open• 
lngs and recesses is less than 50 per cent of the wall area. Properly 

bonded cross walls may be considered return walls for determining the 

length of external or party walls. 

Maximum permissible height for a 
thickness of 

Materials of which 
the wall ls built 

f-safe pressure 
In tons per 

square foot 9-or I 
brick 

'13¼• or 111 18" or 2 Ill¼• or l½ I 27" or 3 
I bricks I bricks I bricks. I bricks 

--------------
Burnt brickwork in I :3 cement 

mortar. 
8 

---,---
25 . 38 I 51 I . 

Burnt brickwork in lime 
mortar or lime : cement: 
sand, mortar I :I :6: 4 

Burnt brickwork In mud 2! 

Sun-dried brick In mud I 

16 24 
I 

32 . 
11 I 17 23 

6 
I 

9 12 I i 
----- ----- ----~·-- -- -- -----
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These heights are calculated by the followln& formula:-

H . h . r 6F 0.7N c1g t 1n ,eet=( J 
F= Safe allowable pressure in tons,square feet. 
N=thlckneu of w11.II In bricks. 

In no case the pressure on ,my portion of the wall should e1<ceed the safe pressure given 
In column 2 of the table. Wherever it is necessary to exceed the pressure, the thick• 
ness of the wall shall be increased to satisfy this condition. 

Dampness is eliminated from buildings to provide healthy living conditions and 
to protect tha structure itself from decay or unsightly effects such as efflorescence. 
Measures are, therefore, adopted to exclude rain or ground moisture. Rain falling on 
a brick wall Ciln penetrate the body of the work through pores of the bricks and mor• 
car or cracks in the joints. Resistance to water penetration through brick w;ills can 
be achieved by either of the two methods : 

(a) the provision of a degree of absorption sufficient to hold, without full pe· 
netratlon, the gre3teSt amount of water likely to accumulate in the wall; 

(b) the use of dense, impervious units and mortar and the avoidance, by good 
workmanship, of cracking through which penetration could occur. 

From the point of view of excluding dampness, however, the mortar should not be 
richer in cement than is necessary. In addition to being exposed to the falling rain, 
brickwork m;iy be In contact with more constant sources of dampness such as the 
iround or may have specially vulnerable points such as the base of a roof parapet. In 
such a situation it is customary to Insert a damp·proof course of Impervious material. 
Wall construction with two sep.irate thicknesses of materials connected only with 
horl20ntal metal ties is the most positive method of excluding rain. The ties should 
be of correct design and be protected from mortar drippings during building to 
ensure that no water runs across them. 

Resistance to 
Damp Penetration 

The insulalion provided by brickwork depends mainly on the thickness, design Thermal Insulation 
(i.e. whether solid or cavity), finish and dryness of structure. Variation In the type of 
bricks, unless cavity Is used, does not make a very great difference. A light porou~ 
brick when dry would, however, give slightly better insulation than a heavy dense one; 
sand lime bricks as a dass give slightly less insula~n than average clay bricks. 

The presence of water In mortar is necessary for the setting action to take place. Wettinc of Bricks 
Precilutlons should, therefore, be taken to prevent the work from drying too quickly. 
Bricks should be saturated before bedding, except during frost, to remove all loose 
dust from the surface th:it is to be in contact with the mortilr. 

While bedding bricks, both the bed and side jointS must be thoroughly flushed or Beddin1 of Bricks 
filled up with mortar. 

While bedding bricks, great care should be uken to keep all courses perfectly levellinc 
level. To do this, the footing and the starting course should be careful!~ levelled, us-
ing a spirit level with a stack at least 10 feet long. 
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Brickwork 

The u~ual method while le;a.lng a brick wall which Is to be con~inued at some 

foture time I~ to tooth the wall. This consists In leaving alternate stretchers proJect• 

Ing 2¼ inches beycnd the stretching courses above and below. 

Usually, new cross walls are Joined to old main walls by cutting out a number of 

rectangular recesses In the main wall equal In width to the width of the cross wall, 
three courses in height, and half a brick In depth. A space or three courses Is left 

between the sin kings, and the new crou wall ls then bonded Into the recesses with cc· 
ment mortar to avoid any settlement. The slnklngs should not be less than 9 Inches 
apart, since In the cutting, the portion between Is llk1ly to become shaken and cracked. 

This Is known as block-bonding. 

Where old walls have to be thickened, recesses 9• x 9" x 4! • deep arc usually cut, 
one In every yard square of the surface of the old wall. The new work Is then built 
against the old and block-bonded at every recess. The surface of the old work Is well 

cleaned, brushed and wetted before the new work is added. This Is also known as 

block-bonding. 

Racking Is the term applied to the method of arranging the edge of a brick wall, 
part of which is unavoidably delayed while the remainder Is carried up. The unfinished 
edge must not be built vertically or simply toothed, but should be set back 2~ inches 
at each course, with a maximum oftwelve courses, to reduce the possibility and the un

sightliness cf defects caused by any settlement that may take place in the most recently 

built portion of the wall. 

The stability of brickwork Is affected in three general ways: 

(I) By loading a given area of ground beyond its ultimate reslst:mce, by an 

Irregular concentration of great pressures on a soft sub-soil, by the tenden• 
cy or the sub-stratum to slide or by eccentric loadings, the walls are 
thrown out of the upright, crack or disintegrate. 

(2) By bad bonding, resulting In disintegration. 

(3) By side thrusts which may be distributed or concentrated, and their ten· 

dcncy Is to overturn the walls; they are provided for by designing the walls 
of a sufficient thickness, or by placing buttresses at regular Intervals. 

Bond Bond Is the name given to any arrangement of bricks In which no vertical joint of 
a course Is exactly over:i'l vertlde joint in another course Immediately above or below 
it, and has the greatest pos~i blc ameunt or lap, which Is usually one-fourth the length 

of a brick. 

Bonds in Brickwork To ensure good bond the following rules should be rigidly adhered to:-

310 

(a) Bricks must be arr.inged in a uniform manner. 

(b) Fewest possible bats arc employed. 

(c) Vertical joints in every other coumi must be perpendicularly in line on 

the internal as well as the external face. 

(d) Stretchers are to be used only on the faces of the wall, the Interior should 

consist of headers only. as also the footings and corbels. 
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(e) When bedded the length of a brick should equal twice the wlh, plus 

one mortar Joint. 

1t,bteral-fap-betWeen-perpends-is-lf4--or..br:ick-Jeng.th.. 

Common types of bond5 used In brickwork are described as follows:-

(a) ENGLISH BOND-It consists of one course of headers and one course of stret· 
chers alternately. In this bond, bricks are laid as stretchers onfy on the boundarleJ of 
courses, thus showing on the face of the wall. The joints In a course running through 
from back to front of a wall must not be broken. The course which consists of stret• 
chers on the face Is known as a stretching course. The courses above or below should 
consist of headers with the exception of the closer brick, which Is always placed next 
to the quoin header tc: complete the bond. These courses are called as headln, 

courses. 

It may be noticed that In walls the thickness of which is a multiple of a whole brick 
the same course will show either 

(a) Stretchers In front elevation and stretchers In back elevation. 

or 

(b) Headers In front elevatlon and headers In back elevatlon. 

But In walls whose thickness Is an odd number of half bricks, the nme course 

wlll show either 

(a) Stretchers In front elevation and headers In back elevation . 

or 

(b) Headers In front elevation and stretchers In back elevation . 

In setting out the plan of a course to any width, the quoin or corner brick 
should be drawn; then next to the face (which In front elevation shows headen} 
closers should be to the required thickness of wall; after which all the tront headers 
should be set out and, If the thickness Is a multiple of a whole brick, headers In 
rear should be set out. The Intervening space, if any, should always be filled In with 

headers. 

(b) D0U8L£ FLEMISH BOND-This bond has headers and stretchers alternately In the 
same course, both In front and back elevations. It is weaker than the English Bond 
because ofthe greater number of bats and stretchers, but Is considered by some to look 
better on the face. It Is also economical, since a greater number of bats may be used 
In It and thus bricks broken In transit may be utilized. By using the Double Flemish 
Bond for walls one brick In thickness, It Is easier to obtain a better appearance on both 
sides than with the English Bond. 

(c) SINGLE FLEMISH 80ND-lt consists In arranging the bricks as Flemish Bond on 
the face, and English Bond as backing. This Is often done on the presumption that It 
attains the strength of the English Bond and the external appearance of the Double 
Flemish. It Is generally used where expensive bricks are specified for facing. The 
thinnest wall where this method can be Introduced Is l¼·brlck thick. 
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(d) STRETCHING BOND-Stretching Bond is used for walls half-brick thlch such 

as partition walls, bricknogglng in partitions. All bricks are laid as stretchers upon 

the face. 

(e) HEADING BOND-All bricks In this bond show as headers on face. It is used chief• 

ly for rounding curves, for footings, corbels and cornices. 

(f} RACKING BONO-Walls as they Increase in thickness increase in transverse strength 
but become proportionately weaker in a longitudinal direction, owing to the fact that 
stretchers are not placed In the Interior of walls. This defect is remedied by using 

racking courses at regular intervals offour to eight courses In the height oh wall. The 
joints of bricks laid In this position cannot coincide with the joints of the ordinary 
courses directly above or below, the lncllnatlon to the face usually being determined 

by maldng the longitudinal distance between the opposite corners equal to the length 
of a brick. It Is not advisable to use one racking course directly above another, since 
there Is always a weakness at the junction of the racking with the face bricks. 

Racking bonds are most effective when placed In the stretching courses In walls of 
an even number or hair-bricks in thickness. In this way they are effective over a 
greater area than If they were placed In the heading courses. 

The alternate courses of racking bonds should be laid In different directions In 
order to make the tle as perfect as possible. There are two varieties of racking 

bonds, viz. herring bond and diagonal. 

Brickwork may advantageously be reinforced by iron and steel. Hoop-Iron bond 
has been used for a considerable time, but probably In many cases without any exact 

knowledge of its true value. 

Reinforcement skilfully applied adds considerable tensional strength to t he brick
work. The mortar should be good Portland cement, one to three of sand, and the 
reinforcement should be effectively bedded and surrounded with the mortar so that 
all air may be excluded, to prevent the rusting of the metal. All rods should be treat· 
ed with two coats or bituminous paint. 

Where structures are erected on soils of unequal bearing value, or on the side of 
a hill where sliding of the sub-stratum may take place, proper reinforcement Is or great 
value to resist unequal settlement or the dislocation of parts of brickwork. 

There are several proprietary makes of brick-reinforcement, all of which are coated 
with bitumen to avoid rusting. They are made In several widths and lengths. 

Temporary erections constructed to support a number of platforms at different 
heights so as to enable the workmen to get at their work and to raise the necessary 
material, are termed as scaffolds. A scaffold consists of a number of uprights, called 
standards. placed about 8 feet apart, which are fir poles about S Inches in diameter and 
30 feet in length. Standards may be Increased to any length by lashing a number of 
poles together; this is done as occasions require during the erection ofthe building. 
Standards rest with their bottom ends on the ground, but to increase their stability and 
prevent lateral motion the ends are often embedded for about 2 feet in the ground. 
If any difficulty Is experienced In doing so a barrel filled with earth is employed to re
ceive the ends of the pole, a York stone flag immediately beneath the standard extends 
the bearing surface; they are placed approximately 8 feet apart. Similar poles, called 

ledgers, are placed horizontally and with a vertical distance apart of 5 feet, and are 
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lashed to the building side of the standards (5 feet being the greatest height that an 

average man can work with ease). 

k iff'oJds form a frame which is erected about 4 feet 6 inches from the face or the 
Intended building with which it is connected by means of horizontal members called 
putlogs. They take a bearing on the wall at one end, and on the ledgers to which 
some are lashed at the other end. Ledgers are wedged to the wall when It has been 

built sufficlently to permit this being done. 

Putlogs are of square timber, usually r X 3' and S feet long. The pieces are not cut 
but split, to ensure the length fibres being uncut. These are placed about 4 feet apart, 
and on them the scaffold boards are laid to form the platform. These boards are 12 
feet long, 9" x I½'' In size: the ends are bound In hoop Iron to prevent their splitting. 

The scaffold boards at their heading joints are butted. Two putlogs are placed 
at this part about 4 Inches apart to support the ends. About the edges of the staging, 
guard-boards are placed, consisting of boards placed on edge and nailed to the stan

dards. 

The frames are braced to add stiffness and prevent the scaffold from rocking. The 
braces consist of poles lashed to the outside of the frames to triangulate the latter. 
For 9-lnch walls a scaffold Is only required on one side but for walls of a greater thick• 

ness It Is required on both sides. 

Piers In brickwork are constructed to suppon loads transmitted to them by beams 
and girders, or to receive the thrusts of two or more arches, the resultant of which falls 
In a vertical line. The height of any Isolated brick or stone pier should not exceed 
eighteen times Its least dimension. No pier should have a width less than 13 inches. 

Attached piers strengthen a wall at given Intervals along iu length. A usual spac

ing Is IO or 12 feet. 

The function of the chimney flue is to remove smoke 3nd other products of com• 
bustlon from the fire to a position well above surrounding windows. Unfortunately 
large quantities of air, which the fire has just warmed up, are also removed by the 
draught up the chimney. Flues need careful designing so that fires do not smoke, and 
acids which are liable to form In flues to slow combustion appliances cannot cause da

mage to the mortar In the chimney stack. 

Flues must be designed, as follows, to suit the type of fire. 

Type of Fire 

Open fires. 

Domestic boilers, slow-cumbus
tlon stoves, qtc, burning non
smokeless fuels. 

Domestic ballers, slow-combus• 
tlon stoves, etc, burning exclu
sively smokeless fuels. 

Brickwork 

Sin and Type of Flue 

Minimum diameter 7 inches; traditional 
size 9• X 9• (Flues must be parged, I.e. 
rendered with mortar or lined with clay 
or other fired liners.) 

6 Inch diameter with salt gaited liners. 

'4 Inch diameter flue with salt-glued 
liners. 
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An open fire requires roughly four to six times the volume of air In a room per 
hour to keep It going satisfactorily. Only two air changes per hour are needed for pur
poses of health, so that two to four times as much air as Is really required has to be heat
ed up to produce comfortable conditions. This additional air comes from cracks, round 
window, under doors and between floor boards. That Is why draughts are one of the 
characteristic discomforts of rooms warmed by open fires. If these cracks are drau1ht
proofed, the fire may be starved or air and it may smoke. 

Air supply to the fire should, therefore, be provided Independently of the air In 
the room by means of pipes laid beneath the floor communicating with the ouulde air. 
These pipes should be -4 to 6 Inches In diameter and should be arranged so that they 
can draw air from both sides or the house. {In a wind, the leeslde of a house Is In re
duced pressure, and air Is then sucked along any ventilation pipe opening to one side 
only.) Ventilation pipes should be arranged to supply air to the space Immediately be

low the grate. 

In order to reduce the waste of air up the chimney, the bottom of the flue should 
be formed, Immediately above the head of the fire, Into a throat 8 to 10 Inches wide, -4 
Inches from front to back, and 6 Inches deep. Preast throat unlu and ast-lron throat 
unlu with register doors to ensure that the throat Is formed to the right dimensions 
can be purchased. 

Immediately above and to the back of the throat unit Is the traditional site for the 
smoke shelf. It is not necessary to design the other features In the proper traditional 
manner. In fact some people consider that It ls a trap for soot and may cause chimney 
fires. 

There must be a smooth transition from the fireplace opening through the throat 
unit to the beginning of the flue with no cavities exposed at the bac:k ohhe fire place. 
The throat unit, of course, Is not necessary where the appliance has Its own flue connec· 
tlon, as In the case of a stove or boiler. 

They should generally be positioned within the house so that the heat coming from 
them can warm the building. Flues placed on outside walls waste heat. Not only that. 
The brickwork Is also liable to get chilled below the dew point of the flue gases, and 
water vapours condense out on the flue lining, bringing with them sulphur compounds, 
tar, acid, or ammonia. These compounds can and do attack the lime or the cement 
In the mortar, and can cause severe damage to chimney stacks, and leakage of flue gases 
back Into the building. This acld attack Is severe with slow combustion appliances 
and that Is why It Is necessary to provide a flue lining of salt-glazed drain pipes (sockets 
upwards) to remove the possibility of this type of attack. When these liners are used, 
the stove-connection Is brought In at right angles to the flue, with the bottom end of 
the flue emptying over a vessel to collect the condensate. This can be removed from 
time to time through a flue door. 

If the walls of a flue are only half a brick thick the outside of the flue (within the 
building) must be plastered. If the flue passes through a roof of shingles or thatch, 
the flue must be thickened out to at least 9 Inches-one brick thickness-to a distance 
of at least 4 Inches above and below. 
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Brickwork In flues for slow combustion stoves and boilen where they are exposed 
to the outside air should be at least 9 inches thick :md preferably constructed of an 
Insulating block with fireclay liners. This Insulation will reduce the risk of condensa• -~-

The flue should not be inclined more than 45', but if It is, the thickness of the top 
side of the slope should be at le:ist one brick thick. 

Wooden plugs should not be within 9 Inches of a flue or nearer than 6 inches to a 
fireplace opening. Similarly, metal fastenings should be kept at least l Inches away 
from a fireplace opening. 

Hearths should be constructed so that there is no danger of any fire spreading to 
combustible structure. By•laws lay down that the hearth must project 16 Inches from 
the front ofthe fireplace and must be 6 Inches. The jambs to the fire should be at least 
9 Inches thick. The thickness at the back of the fireplace opening can be reduced to 
4¼ Inches, except on party walls. 

Where the slope of the roof Is not less than 10~ the chimney should project above 
the ridge at least l feet. Where the chimney stack comes through the roof other than 
at the ridge, it must project through the roof a distance of 3 feet measured from the 
highest point of Its junction with the roof. 

There is no need for the chimney pot to project more than 2 or 3 inches from the 
top of the brick or stonework. The pot is merely a convenient termination to the 
flue :ind should not be exposed. The top of the brick or stonework should be flaunched 
to throw water to the. side in order to prevent undue penetration of rain Into 
brickwork. It is better to cap the top of the suck with an Impervious material 

such as a concrete cap. 

One method of spanning an opening in brickwork is to form an arch. A 
curved template of wood is placed in position and the voussoirs (bricks forming the 
arch) are bedded together on it. Properly speaking, arches are curved. They trans• 
fer the weight of the walling above into the abutments. Lateral thrust is produced, 

the amount of which depends upon the sp:m, the rise of the arch and the load of the 
brickwork above. This lateral thrust must be taken by either producing a sufficiently 
wide and heavy abutment or buttress, or by placing a similar arch alongside to balance 
the thrust. Confusion often arises because reinfored concrete or steel lintels face 
bricks which are called flat arches (vertical arches, or tiled arches). The sooner the 
word arch In this context falls out of use, the better. 

If a square opening is cut in a plain brick wall, the brickwork within :1 60' triangle 
above will tend to fall out, forming a triangular arch. This formation results from the 
dlaional support which each brick provides to the brick above. A lintel, therefore, 
only supports the weight of this triangle. If, however, floor joints come into the wall 
Immediately above the opening the lintel will have to be strong enough to carry these 
additional loads. 

ROUGH ARCHES-These arches are made of bricks which are not specially shaped 
to fit the curve of the arch. In order that the wedge-shaped monar joints may not 
iet unseemly thick near the top, stretchers are usually replaced by half bricks with 
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perpends overlapping them. This form of construction is often used behind gauged 
arches so that the rather untidy half bricks are not seen. 

GAUGED ARCHES-Here the bricks are formed to the tapered shape necessary to 
make neat Jointing in the arch. A saw cut or ·i Inch is first made In the brick to give 
a precise line of finish, and then the unwanted part of the brick removed by axing 
(with a bricklayer's axe or scutch). Alternatively. softer bricks may be used and 
instead of being axed may be rubbed wlth a rubbing stone or file. 

R£LIE.VING ARCHES-In the past relleving arches were often built over square 
openings to take most of the load. The flat head of the opening was then carried on 
timber joists. 

NO. 21,1 BRICKWORK (GENERAL) 
Specifications 

J. Unless otherwise specified, all brlckwork shall be finished In a workmanlike 
manner, true to dimensions and grades shown on the drawings according to the 
following specifications. 

2. Unless otherwise specified. brickwork shall be of the following 4 classes. 

(i) First class brickwork 
(ii) Second class brickwork 

(iii) Third class brickwork 
(iv) Sun-dried brickwork 

3. Bricks shall conform to Specificnions No. 4.1 for Clay Bricks, unleu otherwise 
specified. 

t 

4. Mortar shall be either as shown on the drawing or, if not shown, as specified 
or directed by the Engineer-in-charge. Jt shall be prepared In accordance with the 
relevant provisions set forth In Specifications No. 19.1 - 19. 5 for the specified mortar. 
When specified for face work, its colour shall be of an approved quality and brand. 
Waterproofing material shall be added to the mortar only when specially required or 
directed by the Engineer-In-charge. 

5. Water in brickwork shall conform to Specifications No. 2.1. 

6. No bats shalt be used, except where absolutely necessary for obtaining the 
dimensions of different courses or the specified bond. 

7. All equipment used for mi xing mortar, transporting it and for laying bricks 
shall be clean and free from set mortar, dirt, or other injurious foreign substances. 
It shall be thoroughly cleaned at the end of each day's work. 

8. Before use all bricks, except sun-dried bricks, shall be soaked in dean water 
in a tank or pit for at least 2 hours. In the case of masonry in mud mortar, however, 
dry bricks shall be. used. · 

9. Unless oth.erwise specified, all brickwork shall be laid in English Bond with 
frogs upward. 
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I 0. Each brick shall be set with both be1 and vertical joints filled with mortar 

and thoroughly bedded In by tapping with handle of trowel. At every fourth course 

bricks shall be flushed with mortar and grouted full. . 
I I. Horizontal joints shall be earallel and truly level. Vertical joints in alter• 

nate counes shall come directly over one another. Thickness of joints, unless other• 

wise specified, shall not be less than I. 4 or an inch and shall not be more than 3/8 of 
an inch. The height of 4 courses and 3 joints as laid shall not exceed more than 

I Inch the height of 4 bricks as piled dry one upon the other. 

12. At all corners alternate courses of bricks shail be laid header-wise and 

stretcher-wise so as to bond the two walls well together. 

Where particularly required, cut or moulded bricks shall be used in Jambs, arches 

and projecting corners, so as to eliminate sharp angles from the inside of a building. 
This Item shall be Included in the unit nte if the radius of the finished (plastered) 

corner does not exceed 3/4 cf an inch. In case it exceeds 3 '4 of an inch extra payment 

shall be made by making linear measurement. 

13. Round pillars shall be built with quadrant shaped bricks; if the pillars are of 

considerable height flat circular discs of stone or cement concrete of the same diameter 

as the pillar about 3 Inches thick shall be introduced at every 4 to 6 feet as bond 

stone. The cost of this operation will be included in the unit rate. 

1,4. All brickwork shall be truly plumped and each set of 4 brick courses shall be 

checked with plumb bob and straight edge. 

IS. All face work shall be finished with neat drawn joints and pointed out if it 

has not to be plastered. If it has to be plastered the joints shall be raked out before 
any plaster is laid on. For face work the bricks shall be of true edges, uniform colour 

and correct dimensions. If specially required, face work shall be laid up with pressed 
bricks. All brick courses shall be so proportioned that they will work out evenly 
with the height or windows and doors. Backing of the pressed brickwork shall be 

done as per specifications for brickwork 1st class. 

16. When fresh masonry is to Join masonry that has partially or fully set, the 

exposed joining surface of the set masonry shall be cleaned, roughened and wetted so 
as to effect the best possible bond with the new work. All loose bricks and mortar 

shall be removed. 

In all cases, returns, buttresses, counterforts, etc., shall be built up well course 
by course and carefully bonded with the main wall and shall never be Joggled on after• 

wards. 

17. Where in the case of brickwork in lime or cement mortar, pointing or plaster

Ing to the face work is not provided as a separate item the Joints in face work shall be 

struck, This operation shall be paid for separately. 

18. The joints of brickwork, which is to be pointed or plastered, shall be raked 

out with a hook to a depth of half an inch. The raking shall be done before the mortar 

sets each day. 

19. Bricks shall be cut, dressed or grooved, as required for shaping jambs, fitting 

chokhau and for architectural features of the buildlng. Corners shall be made with 

cut bricks; five bricks shall be used for each corner. 
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20. Holdfuts and similar fixtures shall be built in with the surrounding brkkwork 
in their correct position In specified mortar. They shall be built In ilS the work 
progresses :ind not inserted later on into space left for them. 

21. Brickwork shall be c.:irricd up in :l uniform manner. No portion shall be 
raised more than 3 feet above 3nother at the same time. Temporary spaces left 
during construction shall be racked and not toothed. Straight edges supplied to brick
layers shall have courses marked on them with saw cut or measuring rod shall be 
provided and the height or course shall be checked all over the building from time to 
time so as to keep all courses level. 

22. Bed plates of concrete or stone shall be provided under each beam and joist. 
They shall conform to the dimension given In the drawing and shall be carefully laid 
In specified cement mortar to correct level. Backing up, If necessary, shall be done 
with tiles or spilt bricks. 

23. (a) ~A01£CTION OF 8IUCKS-AII bricks delivered for use In freezing weather 
shall be fully proteaed Immediately upon delivery by a weather-tight 
covering that will prevent the accumulation of water, snow or Ice on 
the bricks; loose board covering shall not be permitted. 

(b) HEATING OF SANO-All sand shall be heated in such a manner :is will 
remove all frost, ice or excess moisture but will prevent the burning 
or scorching of the sand. 

(c) HEATING OF BRICKS-All frosted bricks shall be defrosted by heating 
them to a temperature of approximately I 80~ F. 

(d) HE.ATING Of WATER-All water used shall be heated to a temperature 
or approximately 180~ F. 

(e) SLAKING OR SOAKING OF LIME-All slaking of quick lime or soaking ct 
hydrated lime shall be done at a temperature of at least 60° F, and this 
temperature shall be maintained until lime Is incorporated Into the 
mortar. 

(() PROTECTION OF MORTAR AGAINST FREEZING-After the mortar has been 
mixed it shall be maintained at such temperature as will prevent Its freezing 
at all times and If necessary the contractor shall use metal mortar board 
equipped with oil torches. No anti-freez liquid, salt or other substance 
shall be used In mortar, except when specified or permitted by the 
Engineer-in-charge. 

(g) ENCLOSURES ANO ARTIFICIAL HEAT-All work under construction shall be 
protected from freezing for a period or '48 hours by means of enclosures, 
artificial heat or by other suitable methods duly approved by the 
Engl neer-1 n-charge. 

24. Door and window openings shall have flat or relieving arches or lintels 
spanning across them as shown on the drawing or as specified. 

25. Centrings for all openings shall be strong enough to support the lintels or 
arches spanning the openings. They shall be subject to the approval of the Englneer-
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In-charge and shall remain In position till the brickwork has set. No additional payment 
will be made to the contractor for this item of work. 

26. The contractor shall provide all scaffolding, staging, ladders, etc., necessary 
for the work. Aifwalls or other brickwork sha1Toe-sc"?Unly-br:rcethml,1T"Otected 
against d:images by wind .ind storms during the construction period. No extra rate 
shall be paid for this item. 

27. Only he:iders ,hall be left out to allow a putlog to be Inserted and not m.Jre 
than one brick shall be left out for each putlog. Under no circum:tances shall put• 
logs be made immediately under or next to the impost or skew back or arches. 

28. All brickwork shall be protected during construction from the effects of rain 
and frost by suitable covering. The brickwork laid in cement or In cement and lime 
mortar shall be kept moist for a period of IO days. 

29. Brickwork shall be measured by volume. The unit of measurement shall be 
100 cubic feet. The measurement of cut bricks shall be in numbers. The unit of 
measurement shall be 1000 bricks. No deduction shall be made for openings having a 
superificial are:i of one square foot or les~. 

30. The unit rate (on labour rate basis) for brickwork shall include cost of carry
Ing out brickwork, cutting bricks whenever required, curing and protecting as per 
above speclticiltlons and/or any other specifications specially included in the contract. 
It shall further Include the cost of providing, using and removing scaffolding, shuttering, 
centring, staging, l.idders, supports :ind other tools and pl:ints required for carrying 
out brickwork as per above specifications. 

31. The unit r:ite shall include the cost of bricks, mortar and any other material 
required, In addition to the labour rate detailed above. 

NO. 21,2 BRICKWORK 1ST CLASS 
Specifications 

I. Bricks shall conform to Specifications No. 4. 1 (7) for first Class Bricks. Their 
size ,hall be as specified. 

2. In all other respects it shall conform to Specifications No. l 1.1 for Brickwork 
(General.) 

NO, 21,3 BRICKWORK 2ND CLASS 
Specifications 

Scaffold ins 

Putlo11 

Protection 
Watering 

Measurement 

Labour Rate 

Composite Rate 

Bricks 

Other Respects 

I. Bricks shall conform to Specifications No: 4.1 (9) for Second Clan Bricks. Bricks 
Their size shall be :is specified. 

2. Brickwork shall be l:iid in accord;ance with Specifications No. 21 .1 for Laying of Brickwork 
Brickwork (General), except clause No. 14 for face work. lffacing Is not to be planered 
second cl:iss bricks shilll not be used in the facing . No cut brickwork sh.ill be executed 
with second class bricks. 

3. In all other respects it shall conform to Specifications No. 21.1 for Brickwork Other Respects 
(Gener:al). 
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NO, 21,4 BRICKWORK 3RD CLASS 
Specifications 

Bricks I. Bricks shall conform to Specifications No. -4.1 ( 10) for Third Class Bricks. 

Layin1 of Brickwork l. Brickwork shall be laid in accordance with the Specifications No. 21.1 for 

Other Respects 

Materials 

Centring 

Wedges and Sand 
Boxes 

Building of Arches 

Brickwork (General) with the following exceptions:-

• No cut brick shall be executed wlth third class bricks. 
• Joints In third class bricks shall be 1 inch, but shall, In no case, e><cced 5,19 inch. 

• The height of 4 courses laid according to the above specifications with -4 horizon
tal Joints sh3ll not exceed 2 Inches the height of 4 bricks piled dry one upon 
another. 

• Third class brickwork shJII not be bonded with any other class of brickwork. 
• Third clan bricks shall never be allowed for face work. 

3. In all other respects it shall conform to SpEcifications No 21.1 for Brickwork 
(General). 

NO. 21,5 BRICKWORK IN ARCHES 
Specifications 

I. All materlab shall conform to Specifications No. 21.2 for Brickwork First 
Cla:.s, unless otherwlsc specified. 

2. Centring shall be strong enough to bear the weight of an arch without any 
deflection. The surface of centring shall be correctly struck to the curvature of the 
soffit of the arch, 

3. Centres of arches over 5 feet in span shall be erected on wedges, those over 10 
feet In span on double wedges and those over 20 feet span on sand boxes sou to allow 
the gradual lowering of centre (i.e. striking). 

... The building of archu shall not commence till abutments have been built 
to their full width and up to the level of skew backs. Arch work shall be carried up 
evenly from both abutments and as soon as the arch is complete, masonry shall be built 
up evenly on both sides to the heights ohhc crown so as to load the haunches. 

The brickwork in arches shall conform to Specifications No. 21.2 for First Clan 
Brickwork, except with the following modlficatlons:-
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(i) In all arches, the voussoir joints shall be truly radial. Bricks shall be 
laid in full beds of mortar and shall be thoroughly rubbed and pressed 
Into their beds so as to squeeze out surplus mortar and leave the joints 
as thin as possible. 

(ii) Joints in arches shall not exceed I. 4 inch in thickness at any point Radial 
joints in gauged arches shall not exceed I t8 Inch in thickness. 

(iii) Skew backs shall b~ formed of bricks correctly shaped to radiate from the 
centre of curvature and shall not be pacl<ed with mortar or chips. Before 
the building of an arch is commenced abutments shall be exactly at the 
same le·,cl and skew backs In place. 
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(iv) For gauged arch work, the arch shall be laid out full size on the ground on 

lime plaster and all joints carefully marked out. Templates shall then 

-1 f be made :is a guide for the special shapes of bricks. Special bricks shall, 
where possible, be moulded and burnt but ,r t he amount or work'. 1s sma11 
they shall conform in the requirements of the Engineer-In-charge and 
shall be carefully cut and rubbed to the required shape. All bricks for an 
arch sh:ill be prepared In full and set up dry on the ground before the work 

begins. 
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(v) Segmental arches used over rectangular door or window openings shall 
have a flat rectangular soffit and segmental extrados. 

(vi) Flat arches shall be built in the same manner as gauged arches but with all 
the vouuoir joints converging on the apex of an equilateral triangle des
cribed on the sofflt of the arch. Crou joints and extrados shall be parallel 
to the soffit. The arch shall be built with a camber of 1/8 per foot of span. 

(vii) Arches shall be built in concentric rings and each ring shall be completed 
before work on the one above it is commenced. In all cases, whether, 
specially moulded bricks or ordinary bricks are used, the centre line of 
the brick face shall be radially placed. The arch rings shall, in all cases, 
be bonded together by a special bond stone (key scone) which shall be of 
stone concrete or brickwork, as actually specified or shown on the drawing. 

6. Centre shall be struck as noted befow:-

(1) For single segmental arch, centre shall be struck Immediately after the 

arch is finished. 

{Ii) For series or segmental arches, centre or each arch shall be struck as soon 

as the arch succeeding it Is completed. 

(ill) For seml•clrcular, el liptical or pointed arches, centres shall be struck u 
soon as the brickwork has reached two-th r ids the height of such artthe1. 

7. The space between the relieving and flat arches shall not be filled till the wall 

has been completed. 

8. In all other respects it shall conform to Specifications No. 21.1 for Brickwork 
(General). 

NO. 21,6 LINING TUNNELS WITH BRICKS 

Specifications 

I. Thi5 section covers the lining of new tunnels and the relining of old tunnels 

through ordinary formations. 

l. Fir5t class bricks or vitrified bricks shall have a crushing nrength of not less 
than 6,000 lbs. per square Inch and when broken in two parts and immened in water 

for 1'4 hours, shall not absorb water in excess of 3 par cent of their wel1ht. 
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3. The mix of the mortar sha.11 be as shown on the drawing and, If not shown on 
the drawing, as specified. It shall conform to Specifications No, 19.1 to 19.Sfor Mortar. 

4. In side walls, the bricks shall be laid with their 4 Inches by 8¼ Inches face up, 
and every fifth course shall be headers; In arches, every alternate course shall be 
headers, and joints shall not be less than 1/ .. of an inch and not more than 1/2, of an Inch 
thick. All joints must be filled solidly with mortar. 

The space between the natural face of the tunnel and bricklinlng shall be filled 
with concrete or hard durable stone, thoroughly rammed, or tamped into place. 
When It is necessary to temporarily support the face of the excavation with steel or 
timber supports, the space between the liner pl:ites or lagging and the race or the ex
cavation shall be firmly packed with hard durable stone rammed Into place, or sand 
placed pneumatically. The space between the lagging or liner plates and the brick• 
lining shall be filled with concrete or hard durable stone thoroughly rammed or camped 
Into place. 

S. Weep holes shall be placed through the side walls at Intervals of not less 
than 20 feet, unless drainage conditions require closer spacing. These holes shall 
be formed of cast-iron pipe not less than -4 Inches In diameter and placed on a slope of 
4S degree. The outer end of weep holes shall not be less than 12 Inches above the 
bottom of the side drains. 

Where the tunnel floor Is paved with concrete and where moisture Is present in 
the sub•gradc below the concrete, Invert, perforated drains to the gutter as required 
and shown on the drawings shall be provided. Four Inches round drains shall be 
provided through the concrete ballast wall to provide drainage for the ballast sectlon. 

Side wall drainage shall be installed at not less than 20 feet centres and where 
moisture Is present, at closer spacing, If groundwater Is present, vertical and diagonal 
openings, trench drains, or Iron pipe drains shall be provided In the rear of the lining. 
The drains shall be carefully installed and adequately anchored and shall terminate In 
openings through bricks of not less than 4 inches In diameter. Openings through 
the bricks shall be provided using cast·iron pl pe with the outer ends of the outlets not 
less than ll inches above the bottom of the side dralns. 

6. Refuge niches shall be at least 7 feet high and the dimensions as shown on the 
drawings. In single track tunnels the brickwork at back of niches should not be less 
than I course thick. Niches should be spaced approximately 100 feet apart and stag
gered with opposite side so that niches wlll occur every 50 reet in the tunnel. The 
bottom of niches shall be at the elevation of the base of rails. 

7. In .all other respects It shall conform to Specifications No. 21.S for Brickwork 
In Arches. 

NO. 21,7 CORBELLING 

Specifications 

I. Unless otherwise specified or directed by the Engineer•ln•charge, corbelltng 
shall be affected by I/4th brick projection In ordinary work and I/8th brick projection 
In a work where greater strength Is required. 
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2. In all ether respecu 1, shall conform to Specifications No. 2 t.2 for Brickwork 
First Class. 

Other Respects 

NO, 21,8 COPIR- ----------- -
Specifl cations 

I. Unless otherwise specified, the top courses of all plinths, parapets, steps, etc., 
shall be built in brick on edge. In case of parapet walls the outside half of the brick 
shall be weathered and throated. The corner5 shall be mide by cutting fine bricks or 
by special bricks of 9" X 9" X 4:• size to give a radiated and keyed joint. 

2. In all other respecu it shall conform to Specifications No. 21.Hor Brickwork 
first Class. 

NO. 21,9 WINDOW SILLS 

Specifications 

I. Unleu otherwise specified, window sills shall be made by laying brick on edge 
over If Inch tile creasing to keep the joints In line. The bricks shall project 3 Inches 
from the face of the wall and shall be weathered on the upper edge and throated under
neath up to 3 Inches from either end. 

2. The sills shall be measured by length. The unit of measurement shall be one 
running foot. 

3. In all other respects it shall conform to Specifications No. 21.Hor Brickwork 
First Class. 

NO, 21,10 CORNICES 

Specifications 

I. Unless otherwise specified or directed by the Engineer-in-charge, alt cornices 
shalt be in line with the straight and parallel faces. All exposed cornices shalt be 
weathered and rendered on top In specified mortar and throated underneath. The 
profile shall be checked constantly with the sheet iron templates. 

Cornices Intended to be pointed shall be made with specially moulded bricks 
or bricks cut and rubbed so as to give mouldings true to drawings. In cornices to be 
plastered the bricks shall be roughly cut so as to allow the plaster to finish true to draw
ings and templates. Thickness cf plaster shall not be less than half an Inch and more 

than one inch. 

2. The measurement of cornice shall be done by length. The unit of measurement 
shall be one running foot. 

3. In all other respects It shall conform to Specifications No. 21.lfor Brickwork 
first Class. 
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NO. 21,11 STRING COURSES 

Specifications 

I. String courses shall comprise bricks laid on edge or flat in one or two coursts 

as actually specified. 

l. In all other respects, It shall conform to Specifications No. 21.2 for Brickwork 

First Class. 

NO. 21.12 EAVE BRICKWORK 

Specifications 

I. Eave bricks shall be laid ftat or on edge as specified with a projection of 
3 inches and chamfered I¼ Inches on the upper edge. 

2. Eave brickwork shall be measured by length. The unit of measurement shall 

be one running foot. 

3. In all other respects it shall conform to Specifications No.11.l for Brickwork 

First Class. 

NO, 21,13 DRIP COURSE 

Specifications 

I. Brickwork In drip courses when made of flat bricks, shall conform to Sped· 
fications No. 11.12 for Eave Brickwork and measured and paid at the same rate. 
When built In brick on edge It shall conform to Specifications No. 21.9 for Window 
Sills and measured and paid at the same rate. 

NO. 21,14 BRICKWORK IN REIMBURSEMENT TO DRAIN 

Specifications 

I. Bricks shall be laid flat or on edge as shown on drawings or as specified. Each 
brick shall be set on a layer of at least 1/-1-inch mortar with vertical joints filled with 
mortar and bedded in by tapping with the handle of the trowel. The width of reim
bursement shall be 9 Inches and shall be constructed on sides of the roadssloplng towards 
the drain; the slope shall be 1/8 of an inch In 9 Inches. Cut and dressed bricks shall be 
laid In imbursement for laying narrow :.trips In width along sides of drain, for all curves, 
bends. slopes, change of slopes and Irregular areas. No extra amount shall be paid 

for any difficulty or complicated items required during execution. 

2. The thickness of the joint shall not be less than 1/4 of an inch and not more 
than 3/8 of an Inch. All Joints between bricks and along outer end and Inner side of 

reimbursement shall be completely filled with mortar and struck. 
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3. The base c:on;rete shall be of spi:c:ified thickness, 

.f. All strips, sides and narrow v,idth areas shall be filled with dr, bric!ts on edge 

-or-flat. 

5. The brickwork in rcimbursem::nt shall be m~wJrcd by length. The unit of 

measurement shall be one running foot. 

6. In 311 other respects it sh;ill conform to Specifications No. 21.2 for Brickwork 

First Class. The base concrete shall be paid sep;ratcly. 

NO, 21,15 BRICKWORK IN TEGA TO DRAINS 

Specifications 

I. Bricks shall be laid on end, 3 inches or '41 inches in thickness as specified on a 
bed not less than 1:'4 of an Inch and not more than 3/8 of an Inch thick. All e:<tcrnal 

surface Joints shall be struck. 

2. The base concrete shall be of specified thic:kness. 

3. In all other respects It shall conform to Specificitlons No. ll .l for Brickwork 

First Class. 

NO. 21,16 SUN-DRIED BRICKWORK 

Speciff cations 

I. Bricks shall be in accordance with the provisions and requirements set forth 
In clay brick Specifications No. '4. t for Sun-dried Bricks. 

l. Mortar shalt be in accordance with the provisions lnd requirements set forth 
In Mud Mortar Specifications No. 19.1 

3. The brickwork shall be l.iid In accord:incc with Specifications No. 11.1 . Items 
No. 6, 7, 8, 10, 16, and ll for Brickwork (General). 

<4. Joints of sun dried brickwork shall conform to Specifications No. 21. 4 for Third 

Class Brickwork. 

5. Bricks used for sun-dried brickwork shall be dry. The contractor shall pro

tect the work from the effecu of rain and water tlll It Is roofed and plastered. 

Unless otherwise specified two courses underneath the roof battens and jambs 
of doors and windows to a depth of 9 Inches shall be built In second class brickwork 
In mud. All roof beams shall be carried on piers of second class brickwork In mud 
for the full height and thickness Gf walls and of such width as specified. 

6, The measurement of brickwork shall be by volume. The unit or measure· 

ment shall be 100 cubic feet. 

7. The unit rate (on labour rate basis) for ,un-drled brickwork shall include cost 
of carrying out brickwork and protecting It as per above specifications and/or any 
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other specifications specially Included in the contract. It shall further include the 
cost or providing, using and removing scaffolding. shuttering. centring. stagging, 
ladders. supports and other tools and plants required for carrying out sun-dried brick
work as per above specifications. 

8. The unit r.ite shall include the con of sun-dried bricks, mud mortar and any 
other material required in addition to the labour rate detailed above. 

NO. 21,17 KACHA WALL 

Specifications 

I. Kacha walls shall consist of the materials specified before and shall be propor
tioned, formed and erected In accordance with the specifications stated below. 

2. Clay shall be in accordance with the provisions and requirements set forth In 
Specifications No. 3.1. 

3. Water In brickwork shall be in accordance with the provisions ar.d require
ments set forth in Water Specifications No. 2.1. 

'4. Kacha waif shall be either of mud walling or plse walling type as specified. 

S. Mud walling shall be comtructed from the slop moulded clay bricks of a size 
convenient to be handled. Bricks shall be used while moist and shall be placed 
without any mud mortar In Joints. 

Plse walling shall be made by laying mud in 3 to 6 Inches thick layers and tightly 
rammed between two panllel boards which form the front and back face of the wall. 
As soon as the space between boards b completely filled, the same shall be moved 
to the next length and so on till the whole wall Is complete. 

6. The measurement of kacha walling shall be done by volume. The unit or 
measurement shall be 100 cubic feet. 

7. The unit rate (on labour rate basis) for kacha wall shall Include cost of making 
k:.cha wall and protecting it as per above specifications and/or any other speclfica• 
tlons specially included In the contract. It shall further include the cost of providing. 
using and removing scaffolding, shuttering, centring, stagging, l;idders, supports and 
other tools .1nd plants required for making kacha wall as per above specifications. 

NO, 21,18 GHILAFI BRICKWORK 

Specifications 

1. All ghllafi brickwork shall consist or materials specified below and shall be 
carried out In accordance with the following specifications. 

2. Pucc:a bricks shall be In accordance with the provisions and requirements set 
forth in Specifications No. 4.1 for First Class Bricks. 

3. Sun-dried bricks shall be in accordance with the Specifications No. 4.1 
for Sun•dried bricks. 
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4. Mortar shall be In accordance with the provisions and requirements set 
forth in Mud Mortar Specifications No. 19.1. 

S-;-Water-in-brickwor-k-5hall-he.Jn.~aru:e._.wllh. the provisions and require• 
menu set forth In Water Specifications No. 2.1 

6. The ghilafi brickwork shall consist of first dais brickwork laid in mud mortlr 
at the outer fac,: the b:ilance work shall be executed In sun-dried bricks, laid In mud 
mortar on the inner sid.-?. The thickness of first class brickwork at r.he face shall be 
as shown on the drawing or as specified. The face work shall conform to Spccifica• 
tlons No. 21.l for First Class Brickwork. The sun-dried brickwork on the Inner side 
shall conform to Specifications No. 21.16 for Sun-dried Brickwork. 

7. Ghilafi work shall be measured by volume. The unit of measurement shall 
be 100 cubic feet. 

8. The unit rate (on labour rate basis) for brickwork shall include the cost of 
carrying out brickwork, cutting bricks, whenever required, curing and protecting 
as per above specifications andjor any other specifications specially Included In the 
contract. It shall further include the cosc of providing, using and removing scaffolding, 
shuttering, centring, stagging, ladders, supports and other tools and plants required 
for carrying out brickwork as per above specifications. 

9. The unit rate shall include the cost of pucca bricks, sun-dried bricks, mud 
mortar and any other material required, In addition to the labour rates detailed above. 

NO. 21, 19 BRICKWORK WITH HOOP IRON 

Specifications 

I. In partition walls 3 inches or 4¼ inches thick a reinforcement of I inch wide 
18 guage hoop iron shall be placed In courses not more than 12 inches apart and con• 
tlnued for 9 Inches Into the main wall on which the partition wall abuts. If the partl· 
tlon wall exceeds 20 feet in length or IS feet in height the hoop Iron shall be introduced 
at courses not more than 6 Inches apart. 

2. In respect of materials. workmanship, c:urlng and protection, It shall conform 
to Specifications No. 21.2 for Brickwork First Class. 

3. It shall be measured by the superficial area. The unit of me.1Surement shall 

be 100 square feet. 

.f. The unit rate (on labour rate basi~) for brickwork with hoop iron shall Include 
cost of carrying out brickwork, cutting bricks, whenever required, curing and protect• 
Ing as per above spec:ific:atlons and/or any other specifications specially included In the 
contract. It shall further Include the cost of providing, using and removing scaffolding, 
shuttering, centring, stagging, ladders, supports and other tools and plants required 
for carrying out brickwork with hoop Iron as per above specifications. 

S. The unit rate shall Include the cost of brlc:k, hoop Iron, mortar, tools and 
planu and any other material required, In addition to the labour rate detailed above. 
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Mortor 

Water 

Laying 

Measurement 

Labour Rate 

Composite Rate 

When Used 

Material and 
Construction 

Measurement 

Labour Rate 

Composite Rate 



Definition 

General Princi pies 

Archimedean Drill 

CHAPTER 21 

STONE MASONRY 

Introduction 

Stone masonry is the art of building tn stone. In order to reduce expenses In
volved in the cutting and dressing of stone, only the face stones are dressed. The 
Interior or hearting is made up with smaller stones roughly positioned with a hammer 
or backed up' with concrete or brickwork. In most of the cases, stones of varying 
dimensions are used, which makes it a matter of great skill to obtain a proper bond 
in the work. Owing to the irregular shape of materials the walls have also to be bullt 
considerably thicker than walls of the same height ln brick, except the walls made of 
fine dressed coursed stones. The large dimensions in which stone may be obtained, 
render it superior to brtck for a building of architectural value and make it possible 
to have cornices of great projection and other bold features characteristic of classic 
styles. The comparatively large size of the blocks gives scale to the subject which is 
destroyed by the numerous joints inevitable with brickwork. le requires considerable 
experience to determine the appropriate size of blocks of stone to be used In a certain 
position and to ensure th:at they will conform to the general scale of the building. For 
Instance very small stone used in the plinth of a huge building would look shabby i\nd 
ridiculous. 

Usually stones have a granulated structure and a low tensional and shearing resis-
tance. They should, therefore, always be laid keeping the following polnls in view: 

( I) that they resist compressional stresses. 

(2) that they have their laminae at right angles or thereabouts to the pressure. 

(3) that with side thrusts, the mass of stone must be so disposed that its weight 
when compounded with the thrust will give a resultant that will foll within 
the middle third of the bed Joint. 

(4) that eccentric vertical loads such as from ends of beams should .1fways have 
their centre of pressure within the middle third of the wall to avoid 
tensional stresses. 

(5) that laminated stones should never be laid with their laminae planes 
parallel to the face of the wall, otherwise there is a d.inger of seal inf;. 

Glossary of Terms 

A list ot terms covering the entire field of stone masonry grouped up in 
separate sections Is as follews :-

Section I: Tools Employed 

A tool in which a to-and-fro axial movement causes a boring Looi to rotate. 
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A masc.n's tool with a head of hard tempered steel which Is tapered to an edge on 
both ends and fitted with a wooden handle. 

A b_£nch made~ hea·11 tlmbc: or blocks of none!. on which a stone is set at a 
convenient height for the mason to dress. 

A chisel usually having a width of 3 inches to -4 ! inches 1acd for' b;ming' or making 
a fine tooled finish. 

A tool used for obtaining and testing angles and for working chamfers. 

A broad-faced chisel used for dressing a stone to a comparatively smooth surface. 

A pend:int used c:; determine the position of a point vertically below a datum 
point. 

A tool used for scribing panllel or concentric lines on circular work or positioning 
working points and depths at right angles to a face or ln sinkings. 

A tool used tci rotate a boring tool, or a bit used for drilling holes in stone and 
marble. 

A tool set on a shaft and used in the granite industry for dressing off unwanted 
material. After the cutting edge is positioned on the stone the head is struck with a 
sledge hammer. 

A circular saw in which the steel disc ls rimmed with C:irborundum (see 'Circular 
saw'), 

A power-driven s.iw confr,ting of .i ch;1ir1 which h:is cutting ups attached to the 

links. 

A steel tool, having a plain shah, with a cutttng edge having a width varying from 
¼ inch to I! inches used fer dnfting or chiselling granite and hard sandstones. 

A heavy axe used for chopping off the rough surface of none before dressing. 

A machine with a power-driven revolving steel disc to the rim of which abrasive 
elements .ire attached. 

A tool, usually ha·,ing a width of I! inches to 2 inches, used in conjunction with a 
mallet in making drarts over a stone surface. the teeth being formed to prevent the 
stone plucking or lifting in hole~. 

A thin gauge steel plate with a serrated edge (resembling the shape of a cock's 
comb), used for scribing around a zinc templet on stone and also for combing a very 
fine surface to moulded stone work, sec :ilso 'Drags'. 

A power-driven machine similar to a' planer', but capable of being set at an angle. 

A tool used for sawing large blocks of stone into smaller sizes. 

Chisels of various sizes used in conjunction with an iron hammer, chiefly for letter 

cutting and carving. 

A circular saw ln which the steel disc is rimmed with Industrial diamonds. It Is 
used for fast cutting of hard stone. 

Stone Masonry 339 

Axe 

Banker 

BattingTool, Broad 
Tool 

Bevel, Shiflstock 

Boaster/Drove/ 
Bolster 

Bob:Centre Bob 

Box Trammel 

Brace 

Bull Set 

Carborundum Saw 

Chain Saw 

Chiseli Hammer 
Headed Chisel 

Chop Axe 

Circular Saw 

Claw-Chisel 

Cock's Comb 

Coulter-Machine/ 
Canting-Arm 

Machine 
Cross-Cut Saw 

Cup-Headed Tools 

Diamond Saw 



Punch/Hammer 
Headed Punch 

Quarryman's Axe 

Quirkin1 Tool 

Rubbing Table 

Scabblin1 
Hammer 

Spall Hammer 

Splitter 

Templet/Template 

Tracer 

Trammel and 
Scriber 
Trammel Points 

Vertical Polisher 

Whip Saw 

Wing Compasses 

Angle Tooled/ 
Anale Droved 
Axed 

Batted (Broad 
Tooled) 

A steel chisel drawn nearly to a point and used for shaping the rough stone before 

tooling. 

A double bladed steel axe, approximately 14' lb in weight, used for scabbling rough 

block stone to square dimensions. 

A tool similar to the lewlsing chisel. It has a width of 3/8 of an inch to ¾ of an Inch, 
and is used for cutting grooves In sills, grooves for lead flashings, and the like. 

A flat, circular table, having a cast iron tqp which rotates slowly on a vertical axis, 

on which stone, marble or granite can be rubbed to a fine finish. 

A hammer that has one end pick pointed; it is used for roughly dressing granite or 

hard stone. 

A hammer having a concave end, forming two cutting edges used for removing 

superfluous stone. 

A hammer headed tool, 3 to 4' inches wide, having a cutting edge approximately 

1/16 or an inch thick. 

A pattern of wood or metal cut to a required profile and used to outline a shape for 
cutting and to gauge the profile as the work proceeds. 

A large chisel used for tracing a shallow groove along a series of plug holes to assist 
in the splitting of a mass of rock. 

A tool used for scribing parallel lines. 

Metal poinu used in conjunction with a wooden beam to strike large circles. 

A mechanically-driven vertical shaft having a universal Joint, terminatlni in a 

disc to which abrasive elements can be fed or fitted. 

A narrow saw or flexible steel, 2! feet to 4' feet long and I inch to 2 inches wide, 

having <J to 5 teeth to an Inch and a wooden handle at each end In line with the 
blade. It Is used for sawing around curves. 

NOTE.-The whip saw Is specially used for tracery work and one handle is sometimes 
made detachable to allow the blade to be threaded through small openings. 

Compasses having a thumb screw which works against a quadrant bar so that the 
spacing or the points can be fixed. 

Section II: Types of Surface finishes 

Stone dressed so that the tool marks run diagonally across the face. 

A patent axe or a bush hammer having a surface obtained by using an axe. A 
surface is said to be 'fine axed' when it has been chopped with fine axe marks. 'Once
axed' Is the term used for rough chopping of a surface with an axe. 

A surface having been obtained by using a batting tool in parallel strokes each 
traversing the foll depth of the stone face. The strokes may be vertical, when It ls 
oken referred to as tooling or oblique at an angle of '45° to 60°. The result Is a regular 
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pattern of fluted cuts in the stone face. The number of strokes per Inch may vary 
from 8 to 10. 

Roughly 1haping a slab or stone. 

A stone finished by dressing with a boaster. 

Reduced by rough dressing, usually with a point tool, to approximately the form 
required by a sculptor . 

Blocking out 

Boasted/Droved 

Boasted for 
Carving 

Worked with a point to show diagonal or horizontal furrows. Broached (Droved) 

Having a smooth sawn face, as produced by a carborundum saw. Carborundum Sawn 

Hacked or hammer dressed. Cloured 

The surface obtained by splitting or cleaving a rock. Cloven 

Having all irregularities on the exposed surface of soft stones worked off by the Combed 
use of a drag or a comb. The comb is drawn over the surface of the stone in all direc-
tions after It has been roughly reduced to a plane with a saw or chisel, making it 
approximately smooth. 

Fine and close sparrow pecked with a sharp point. Dabbed 

A tooled margin, i of .in inch to 2 inches wide, worked on the face of a rough Drafted Margin 
squared stone. 

See 'Combed'. Dragged 

I. Having any kind of worked finish. Dressed 

2. Of slate; having a bevelled edge as left by a dressing knife or guillotine as 
opposed to a sawn edge which is not bevelled. 

Having a dull polish or a matt surface. 

A stone cut with the laminae running vertically and parallel to the face. 

Having a surface worked into a regular series of concave grooves. 

Having a surface consisting of small flutings. 

Having a rough face prepared with a hammer. 

A stone cut with the laminae running vertically and parallel to the joints. 

The labour In forming the Intersection of two mouldings, splays and the like; 
the seen faces making an angle less than 1so·. 

The labour In forming the Intersection of two mouldings, splays and the like; the 
seen faces making an angle greater than 1eo•. 

Cut to the profile of a moulding. 

Having a fine dressing made with a chisel. It is generally applied to kerbs. 

Havln1 the arris rounded to a radius of approximately one-eighth of an inch. 
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Eggshel 1/ Honed 
Snaked 

Face Bedded 

Fluted 

furrowed 

Hammer Dressed/ 
Bull Faced 

Joint Bedded 

Mitring Internal 

Mitrin1 External 

Moulded 

Nidaed 

Pencil Arrissed 
Pencil Edced 



Picked/Pecked/ 
Sparrow Pecked 
Pitched 

A dressing obtained by means of a point tool or a pick. 

A surface produced by a pitching tool to resemble the natural 1·oclc face. 

Polished Having a high-gloss mirror-like finish. lt is also synonymous with the term 'rub-

bed' used for stones. 

Punched A finish obtained by removing the larger irregularities by means of a point tool. 

Reticulated An irregular network of bands worked on a true-faced stone. The sinking between 
the bands is about 3.rs inch deep, worked true?>to a gauge and 'picked' with a fine mallet 

headed point. 

Rock Faced The natural face of the rock or a dressing resembling it. 

Rubbed A finish obtained by rubbing with abrasives to the degree of required smoothness. 

Rusticated/Channel A stone having a sunk dressed margin. 

Sanded Finished by rubbing with abrasives. 

Scabbled Finished by fine angled droving. 

Scappled Roughly faced with pick or hammer. 

Scribbled 

Shotted 

Stu1ged 

Vermiculated 

Chain Tackle 

Dogs and Chains 

Lewlses/ Chain 
Lewis 

Lifting Pins/Pin 
Lewis 

Three-Le11ed 

Hammer dressed beds or joints of masonry with marginal chisel drafts. 

The face resulting from grinding with ~tccl shot by means or a heavy steel ring 

used In a pohslung machine. 

Pecked stone faced with a pick or pointed tool. 

Having a dressing, taking the form of irregularly shaped sinkings resulting in 

winding worm like ridges. 

Section Ill : Handling Equipment for Stone 

Pulley bloc~s having an endless chain used for hoisting stone. 

A pair of steel hooks, having rings attached to It, into which a chain Is slung so chat 

a vertical pull on the chain draws the hooks together in a horizontal direction, thus 

gripping the stone. 

Two curved steel legs inscrled back in a mortice cut In the top or a stone, 

and connected together at the top by three rings in such a way that a direct pull causes 

the legs to spread at the bottom and grip the sides or the mortice. 

Steel pins approximately an inch in diameter and about 9 Inches long having an 

eyelet at the end with a ring attached, used In pairs for lifting stone into position. The 
pins are inserted into inclined holes drilled in the stone, and are connected by a llrt

ing chain. 

Two wedge-shapped steel legs separated by a removable rectangular section, the 
whole connected at the top by a shackle and pin. The wedge-shaped sections are 
Inserted separately Into a dove-tailed mortice cut In the top of the stone. The centre 
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section is then inserted and the shackle and pin assembled so that the stone can be 
lifted by a pull on the shackle. 

A lighter cype of three-legged lewis for lifts up to 25 cwt. 

mall pr-ojec:tlons-teft-on- the-foc~r---!tdes-of-a-workcd~tone--io--which-dog--hole 
can be cut fer lifting the stone into pbce. The nibs are worked off after positioning the 
stone. 

(NOTE-A prominent projection frcm the general face of marble dressings is 
sometimes called :l Nib.) 

A device, similar 111 shape to tongues or scissors, used to grip the ends of a stone 
in the same way as ch.:in dogs. 

Thin strips of steel, approximately 5/8 lnch wide, used to pack a badly fitting 2-leg 
or 3-leg lewis hole to ensure safe hoisting. 

Chain p,med round J scone and attached to the lifting apparatus. 

(NOTE-The arris=cs of the stone should be protected by wooden slates.) 

Section IV: Fixing Stone in Position 

A T-shaped bolt for attaching fascia and similar stones to a supporting R.S.J. The 
arms of the 'T' engage in mortices cut in the Joint faces of the stone, and the threaded 
end of the bolt is inserted in a hole drilled in the R.S.J. and fitted with washer and nut. 

A V-shaped sinking in the side joint of each adjacent stone In the same course. 
A~er fixing, two sin kings together form a rectangular hole which 15 filled with cement 

grout in order to prevent lateral movement. 

Rolls Lewis 

Nlb1 

Shears, Snips, 
Scissors 

Sliver 

Sling Chain 

Anchor Bolt 

Cement Jo11le/ 
Clrout Nfck 

A temporary wooden structure on which arches are built. Centring 

A metal plate let into and projecting from the backing to provide support for Corbel Plate 
facing slabs. 

A short length of metal or slate suitably bedded into sinkings cut in stones. It is Cramp 
used to tie stones to one another or to their backing. 

A short piece of metal or slate bedded In sin kings cut in the Joint faces of adjacent Dowel/Slate Dowel 
stones to prevent Independent movement of the two stones. 

Lime putty used by fixers . Fixer's Bedding 

liquid mortar consisting of cement and sand. Grout 

Blocks set with mortar :it the ends only. The centre portion is left hollow to Hollow Bedded 
guard against break:ige In case of settlement. 

A piece of slate, approximately 2 inches by 1 Inches by I inch. It Is generally Slate Cramp 
used in flat coping scones .ind cut to a double dove-tall form. It Is embedded In 

Portland cement in sinklngs formed to receive It. 

A small piece of slate left into a ve~tical Joint and Into the top bed of the stone Slate Jo11le 
below co prevent independent movement of stones. 
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Slurryhls 

Abutment 

Apex Stone 

Arch 

flat Arch 

Joggled Arch 

Skew Arch 

Squlnch Arch 

Stilted Arch 

Arrl1 

Band Course 

Band Stone 

Barge 

BaseCoune 

Batter 

Bed 

Bed Joint 

Bed Mould 

Bedstone 

Belting 

Bridsmouth 

Block Stone 

Blocking Course 

Bollard 

Protection of the finished surface by coating with a weak mix of lime and stone 
dust to prevent staining. This slury is washed off on completion of the Job. 

Section V: Architectural and Engineering Terms 

The solid structure at the extremity or an :irch or be:im. 

The top stone of a gable, spire or pediment. 

A method of spanning an opening with masonry consisting or a series of wedge
shaped stones, known as voussolrs or arch stones which are supported by lateral 
pressure induced across the radial joints. 

An arch In which the voussolrs or :irch stones :ire arr:inged to provide a horizontal 
soffit. 

An arch in which adjacent nones arc Interlocked by means of rQbates or tongues 
and grooves. 

An arch whose face is not at right angles to its supports. 

An arch built across an Internal angle, such as across that of a square structure, 
to support one side of an oetagonal spire rising from the structure. 

An arch having its springing line higher th:in the line of the impost. 

The line or edge made by the junction of two surfaces forming an external angle. 

A plain course continued horizontally along the face of 3 building or structure. 

An Intermediate coping stone or stones inserted Jn a gable between a springer 
and the apex and bonded Into the gable wall. 

A projecting stone drip at the base of a chimney suck to throw off water. 

The lowest course of a wall. 

An inward Inclination of the exterior face of wall. 

The lower surface upon which a block of stone rests, and the upper surface which 
supports the stone above. 

A horizontal joint In a wall or a radiating Joint between the voussolrs of an arch. 

The lowest moulding or course of a cornice. 

A large flat stone upon which machines or structural members are mounted or 
bedded. 

A course which protrudes from the face of a wall into which it is built, and which 
may have a convex surf ace. 

A notch cut on the edge of one piece of stone to receive another. 

A stone roughly squared at the quarry. 

A plain course of masonry over a cornice. 

A short strong post (originally intended for holding a hawser). 
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An arrangement of stones whereby the vertical joints in one course do not coincide 
with those ln the courses above or below. 

A stone whose longer dimension is in the thickness of the wall and which may run 

right through the thlckncss of the wall. 

Breaking Joint 

Bonder /Bondstone 

- Thriarnmre-formed··bn>laning--off-th~har~ngle--made--by-the-meet!ng-of-two-------4Chamfe·r------
surfaces. This term is usually applied to stone or wood surfaces, while a 'bevel' refers 
generally to glass or metal surfaces. 

A sin king either in lhe form of a rebate or a slot . 

Thin slabs of stone or other material used externally as a non-load-bearing covering 

for the structure of a building. 

The inside vertical surface of a stone which extends through the thickness of the 

wall and forms a face on the inside. 

A scone placed in a course to close or fill a gap. 

A free standing vertical member, usually circular on plan. 

The topmost course of masonry on a wall, which may overlap the surface to give 
protection from the weather to the courses beneath. 

A coping weathered both ways from the centre of the ~ection (i.e. twice 
splayed) and either projecting from the wall and throated on both sides or flushed 

with the wall on both sides. 

A coping with a rounded top. 

A wedge-shaped coping. It is higher on the front face to divert water towards the 
back and has a horizontal bottom bed and a weathered top bed. The coping usually 
projects beyond each face of the wall, and these projections are throated on both the 
undersides. Sometimes, the coping projects and is throated only at the back with the 

front face flush with the face of the wall. 

A stone or series of stones which project from a wait and often used as a support. 

Crow step in :i. stPpped gable. 

The stone from which steps are formed in a stepped gable of a wall. 

A general term used for all masonry. 

See 'Hood Mould'. 

One of the stones composing the shaft of a column. 

A stone cut with the lamtnae running vertically rather than horizontally. 

(NOTE.-Edge bedding is used in the cutting of voussoirs with a view to distribut~ 
Ing strain around the arch and so helping to avoid breakage and exfollatlon when the 
stone Is submitted to the action of time and atmosphere.) 

Check 

Cladding 

Clean Back 

Closer 

Column 

Coping 

Saddle Back 
Copinr 

Se1mental Coping 

Wedge Coping 

Corbel 

Corbel Step 

Crow Step 

Dressings 

Dripstone 

Drum 

Edge Bedded/Joint 
Bedded 

Rebate in stonework into which a dctor closes when hung without a frame. Giblet Check 
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Header 

Hearting 

Hood Mould/ 
Dripstone/Label 

Impost 

lnban/lnband 

lnband Rybat 

lnbond 

lndentin& 

Jamb Stone 

Jo11le 

Jumper 

Kerb/Curb Stone 

Keystone 

Kilt 

Kneeler 

Llnina• 

Lintel (Head) 

Lona Stone/Savini 

Mason's Mitre 

Mortice 

Mullion 

Outban/Outband 

Outband Rybat 

A stone laid so that Its greatest dimension Is In the thickness or the wall. d. Stre• 

tcher. 

The infilling which forms the c;ore or a rubble wall. 

A projecting moulding or canopy over a door or window opening to throw off 

rain from the walls of the building. 

The top member of a pier or pillar from which an arch springs. 

A quoin or Jamb stone short on main wall face and long (for bonding) In return or 

reveal, c.f. Outban or Outband. 

Header stone in a Jamb of an opening. 

Header on a reveal or return. 

The omission of stones to form recesses Into which future work can be bonded. 

One of the number of stones forming part of the vertical surface at the sides of a 
door or window opening. 

I. A projection on one stone to fit Into a corresponding recess in another iton:~. 

2. Adjacent recesses for filling with cement grout or mortar. 

A stone that In facework bonds two or more stones on each side. It Is used In 
squared, uncoursed and snecked rubble work. 

A stone used as an edging (See 'Curb Stone'). 

The central stone of an arch. 

Slight weathering commonly given to stone steps In the setting. 

A stone bonded Into the wall and forming an intermediate length of the coping 
to a gable end. 

Thin slabs of stone or other material used Internally as a non•load·bearlng 
covering. 

A stone which spans, In one piece, the top of an aperture. 

A relieving arch over a lintel. 

A mitre worked out of a single piece of stone and not forming a Joint at the 
mitred angle as In a joiner's mitre. 

A sinking In a stone to receive a corresponding projection, dowel, rail, etc. 

A vertical member sub-dividing a window. 

Quoin or jamb stone long on main wall face for bonding and short In return or 
reveal c.f. lnban or lnband. 

Stretcher stone In a jamb or opening. 
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A stone incor;,orated In the structure to distribute :i concentrated load. 

A through bond sto.ie faced on both ends. 

A.. birdsmouth reb.ite. 

A vertical joint in m1sonry. 

Any load bearing vertical mass of masonry, either isolated or attached to a wall. 

A fiat rectangular pillar which projects from a wall. 

A free st1nding vertical member rectangular or polygonal on plan. 

A series of small shallow stones introduced at Intervals to make up the height oi 
certain courses, thus giving a chequered effect. 

The projecting base of a wall or column. 

An eaves course, w;ill head course, or plinth course. 

A raised platfrom forming the b;ise of a building. 

A stone at an external angle of a wall. 

A sinking to receive a flashing for the edge of steps. 

The process of cutting a raggle. 

A continuous rectangular sinking, along the edge of a stone either to receive 
window or door frames or another member. 

The termination of stone worked to form an Internal mitre on a moulding or 

splay or on weathering. 

A half plllar or pilaster corresponding to another or to a pillar opposite to it. 

A change of direction In a wall, member or moulding. 

The termination of stone worked to match the face with an external mitre. 

That part of the jamb of a window or door opening which Is not covered by a 
frame. 

Reveal stone, c.f. lnban, Outban. 

I. Apex stone to a gable. 

2. A coping splayed both ways. 

A stopped joint In a coping or pr0Ject1ng course used to prevent penet ration of 

water. 

I. Interval reveal. 

2. The facing to a reveal behind an outband rybat (q.v.) return of a pier or 
pilaster. 

3. Open finished end of a wall. 

The lower horizontal member of window openings and certain external door 
openings. 
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Padstone/Template 

Parpend 

Pen/Pen-Check/ 
Pend 

Perpend 

Pier 

Pilaster 

Pillar 

Pinnin1 

Plinth 

Plinth Course 

Podium 

Quoin 

Raggle/Raalet 

Rag I etti n1/Raglin1 

Rebate 

Reprise 

Respond 

Return 

Returned End 

Reveal 

Ryhat 

Saddle 

Saddle Joint/Half 
Checked Joint 

Scuntion/Scontion 
Scuncheon 

SIii/CUi 



Skew 

Skewback 

Skew Putt/Club 
Skew, Skew Corbal 
Slip 

Sofflt 

Spandrel 

Splay 

Springer 

Springing Line 

Spur Stone/Powl 
Stone/Stone 
Codding 
Stool 

Stopped End 

Stretcher 

String/Stringer 

String Course/Belt 
Course/Band 
Courae 
Throating/Throat/ 
Drip 

Throu1h Stones 

Toothing 

Transom 

Upstart/Start 

Voussoir 

Ashlar 

Block in Course 

The sloping dressed stones or copings that finish the top of a gable. 

An inclined or splayed surface of an abutment from which an arch springs, 

The bottom stone at skew supporting a raking, coping or skew above. 

Narrow piece of stone inserted between large blocks. 

The under surface of a lintel or an arch, or the lower surface of a vault. 

A triangular space enclosed by the curve of an arch with a horizontal line drawn 

through Its apex and a vertical llne drawn thr:.ough Its springing. 

Any surface included to a main surface, e.g. an inclined window reveal. 

The stone from which an arch springs. 

The level from which an arch begins. 

A stone suitably shaped and fixed at the corner of a building or opening to prevent 
damage to the structure from traffic. 

A seating such as that on both ends of a sill to which a window Jamb Is fixed. 

The termination of a moulding worked In the solld. 

A stone laid in a way that Its greatest dimension is in the length of the wall. 

A series of Inclined slabs at the free end of steps covering the concrete core 

and following the line of the staircase. 

A narrow moulded or plain projecting course continued horizontally along the 
face of a building. 

A groove worked In the under surface of projecting stone work to prevent rain-
water from flowing back to the wall. 

Stones which extend through the entire thickness of a wall as a tie or bond. 

The end of a wall left with courses breaking joint for future extension. 

A horizontal bar sub-dividing a window or other opening. 

A reveal stone long In vertical dimension. 

A wedge-shaped stone forming a unit of an arch. 

Section VI: Walling 

Masonry consisting of plain blocks of stone, finely dressed to given dlmensions and 

laid In their courses. 

Roughly squared blocks of stone which may vary in length having worked beds 
and hammer dressed faces and Joints, and set In courses which may vary in height not 
exceeding 12 inches. 
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(NOTE-Used in heavy engineering masonry.) 

Walling, similar to uncoursed rubble, which is roughly levelled up to courses at Brought to Courses 
ntervals and varies in height accordin_I:O the locality and the type of stone used. 

(NOTE-The course heights usually correspond with the heights of the quoin 
and jamb stones.) 

A filling of undressed stone used in the interior of a wall. 

A continuous layer of stones of uniform height. 

Rough squ.tred stone walling in courses to suit the heights of corner stones or 

rybats. 

A layer of material impervious to moisture e.g. slate, interposed between other 

materials to prevent the p:issage of water by capillary action or otherwise. 

Walling without mortar. 

A rubble boundary wall. 

Having small stones inserted into the mortar face joints in unjolnted walling, usually 
(or decorative purposes but sometimes to wedge the larger stones in position. 

Flint cobbles or nodules split across and used in walls with the split face showing. 

A course of bricks, dressed stone, tile or other material built Into walls of random 
rubble or flint to give added stability and strength. 

Ashlar faced on both sides, as for parapet walls. 

Watling built of stones of irregular shape which may be roughly pitched to fit the 

adfacent stones. 

Walling built of Irregular unsquared stone not in courses. When It Is levelled up, 

about every 11 inches in height, it Is called 'Random rubble brought to courses•. 

Stone uf Irregular shape and size. 

A small stone In squared rubble work to make up the bed for bonding. 

Rubble walls In which the stones of Irregular size squared with small stones 
or 1necks are Introduced to break the courses. 

Walling, built of irregular squared stone, not In courses. When It Is levelled up, 
about every 11 Inches In height, It Is called 'Squared rubble brought to courses•. 

A wall In which each flint Is cut to a uniform, regular size generally <f Inches square 
and laid In courses. 

Working the top face of a stone to a plane surface Inclined to the horizontal for the 
purpose of throwing off rain water. 

Section VI I : Cast Stone 

The application of an acid solution to the surface of cast stone for the purpose of 

removing the superficial cement film and producing slight exposure of the aggregate. 
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Core 

Course 

Coursed Rubble 

Damp-Proof Course 

Dry Walling 

Dyke 

Galleted/Garnetted 

Knapped Flint 

Lacing Course 

Parpend Ashlar 

Pol11onal/Ra1 
Walling 

Random Rubble 

Rubble 

Sneck 

Snecked 

Squared Rubble 

Square Flint 
Facln1 

Weatherin1 

Acid Treatment 



Cast Stone/ 
Artificial Stone 
(Deprecated)/ Re
constructed Stone 
Crazing 

Curing 

Dry Pressing/Dry 
Temping 

Drying Shrinkage 

Etching 

Exposed Aggregate 

Filling in/Bagging 
in/Ragging in 

Handling 
Reinforcement 

I nsi tu Concrete 

Laitance 

Masoned Cast 
Stone 

Maturing 

Mould 

Plain Cast Stone 

Precast Concrete 

Retarder 

Rubbed Finish/Fine 
Ground Finish 
Stoning/Rubbed 
Finish/Fine Ground 
Finish 
Structural 
Reinforcement 

Terrazzo 

A building material manufactured from cement and natural aggregate for use In a 

manner similar to and for the same purpose as natural building stone. 

The cracking of the surface into small irregularly shaped contiguous areas. 

The process of maturing ca~t stone under controlled conditions. 

The process of producing cast stone using a mix with a minimum water cement 

ratio. The process permits very early de-moulding. 

The slight contraction occurring in a unit during the first drying after casting. 

A term almost synonymous with 'Acid treatment', but it Is generally assumed 
to be a rather more severe treatment, producing a greater aggregate exposure. 

A finish produced by the removal of surface to expose the colour, texture and 

pattern of the aggregate. 

The treatment of the surface of a unit after casting. with a mixture or cement and 
fine crushed stone rubbed Into the pores of the material to produce a closer texture. 

A material, such as mild steel rod, incorporated in cast stone solely for the purpose 
of permitting the unit to be handled without damage till It Is butlt Into Its position 

on the site. 

Concrete which is cast in the place where it is required to harden as part of 

the structure. 

The thin layer composed of cement :ind fine particles of aggregate that may form 

on the surface of concrete, 

Cast stone, after reaching a mature state, treated by hand or by machine to 
produce surfaces commonly used for natural stone, e.g. boasted, bush-hammered, 

sparrow pecked, tooled and rubbed. 

The proces1. of the hardening of cast stone. 

A container made of metal, timber or other material, shaped to the pattern It Is 

desired to reproduce, into whlch concrete is placed. 

Cast stone which ls untreated after removal from a mould. 

Concrete which Is cast In separate units before being placed in position in a struc

ture. 

Material added to concrete during mixing, or applied as a coating to the mould, 

which reduces the rate of hardening of the cement. 

The finish produced by stoning. 

The grinding by hand of the surface of cast stone with an abrasive to produce an 

even and smooth texture, but only exposing slightly the !;Urface of aggregate. 

Material, usually mild steel, incorporated in cast stone to make it strong enough 

to withstand the tensile stresses induced in the permanent structure. 

A finish consisting of marble (or similar) chippings in a cement matrix, ground 

after casting to produce a polished surface. 
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A finish obtained by removing the original face with a hand or power•operated tool. 

I. Integral-A material incorporated in a cast stone mix for the purpose of 

Improving the resistance of the finished product to the penetration of moisture. 

l. Surface-A material, usually in liquid from, applied to the surface of cast 
stone after manufacture for the purpose of improving Its resistance to the 

penetration of moisture. 

The process of converting quarried blocks of stone into a finished product is called 
milling. It includes the sawing of blocks into slabs of the desired thickness with various 
types of saws; planing them to improve the surface finish or cut mouldings on their 
surfaces; turning columns, balusters etc., in lathes; milling recesses, pattern and letter· 
Ing on the faces of stones by means of a milling machine; and carving and dressing the 
stones Into various shapes and forms with hand tools or with pneumatic tools operated 
by hand and flnlshln1 the surface to the desired de1ree of evenness. 

The cut or the dressed stone Is the product of the stone mlll. A stone of large 
size or special shape or any stone for which all dimensions are specified In advance, 
other than finished cut stones, Is called dimension stone. 

There are various methods of finishing the exposed surface of building stone. 
The finish which is suitable for a given surface Is governed by the kind of stone and the 
manner In which It Is used and varies from the rough face formed In quarrying to the 
highly polished face often used on marbles and granites. The various types of surface 

finishes are described below: 

(a) QUARRY FACE. OR ROCK FACE.-lt Is the original face of a stone when It 
comes from the quarry. It may be formed by quarrying operations, or may be a 
natural seam. In the later case It Is known as a seam face. Quarries producing seam· 
face stone are traversed In all directions by natural seam forming relatively small blocks 
of stone of Irregular shape and size. Seam faces :ire often highly coloured by deposits 
from mineral laden wat~n which have penetrated Into the seams. It Is employed 

In pitching, dumping, retaining walls, etc. 

(b) HAMME.R DRESSED OR SCA88LE.O FACE-Scabbling means taking oft' the 
Irregular angles of stone with the scabbllng hammer. That Is usually done at the 
quarry, and the stone Is then said to be quarry pitched, hammer faced or hammer 
blocked. If, after scabbllng, the face of ~tone is roughly dressed also by Waller's hammer, 
the finish Is called hammer dressed face. Hammer dressed faces are commonly used on 
granite and harder limestones and sandstones but are not suitable for softer varieties 
of limestone. This type of stone is used in rubble masonry or stone pitching. 

(c) ROUGH TOOLED FACE-Rough tooled (also called one-line dressed face) is 
sparrow pitched or chisel dressed. No portion of the dressed face Is more than 1/'4 
inch from a straight edge placed on It. It is analogous to rough or coarse pointed finish. 
This sort of finish is usually employed to give a bold appearance to quoin and plinth 
stones and where so used, It usually has a chisel drafted margin about the perimeter. 

(d) CHISEL DRESSED FACE-Chisel dressed face (also called two.line dressed face) 
Is again sparrow pitched or chisel dre~sed. No portion of the dressed face ls more 
than 1/8 Inch from a straight edge placed on It. It is analogous to medium pointed 

Stone Masonry 353 

Tooled Finish 

Water Repelf ent 

Milling 

Surface Finish 



ClaulftcatJon of 
Stone Masonry 

In classi(ylng stone masonry, It is necessary to take Into account the degree of 
refinement used In shaping the stones, the way the face stones are arranged in the wall 
and the surface finish of the stones. 

There are no accepted standards for classification, but in general the crudest type 
of masonry made of stones with little or no sh:iplng is called rubble, and the best type 
made of stones accurately shaped so as to make thin Joints possible, Is a.lied ashlar. 
Between these two extremes, there are various degrees of refinement in shaping the 
stones and many ways of arranging them in the wall. The mo~t common classification 
divides masonri' into rubble, squared stone masonry or ashlar block In course masonry 
and ashlar as far as the sh:iplng of stones Is concerned, and Into range, broken range, 
aod random as far as the arrangement of stones In the wall Is concerned. The lauer 
classlfic:itlon does not apply to rubble which Is classed as coursed and uncoursed. 
Ashlar Is also called cut stone. There Is no definite line of demarcation between ashlar 
and squared stone masonry (or ashlar block In course masonry) or betwNn squared 
stone masonry and rubble. When stratified stone Is used, the horizontal Joints of 
rubble may be as narrow and as uniform as those or squared stone masonry and the 
distinction between the two classes would Ile In the vertical Joints. If the work done 
on such stone consists only of knocking off' loose rock or sharp corners, rubble would 
probably be the result; but, if the stone is sh:iped to give a uniform vertical joint, 
squ:ired stone masonry would be produced. If the end Joints are not vertical, but 
are uniform In thickness, the class of work would be the same as that on squared stone 
masonry. Such masonry could not locally be placed In that class because or the shape 
or the stOM. 

Va,ious classes or stone masonry are brieRy described below: 

(a) ASHLAR MASONRY-It consists of sawed, dressed, tooled rubbed, or moulded 
stone with extremely fine bed and end joints. The thickness of these Joints never 
exceeds 1/8 Inch. Such accurate work is only possible when the stone blocks are cut 
perfectly true to the required shape, and therefore the beds and Joints at least are sawn. 
Great care Is exercised In determining the sizes and proportions of the blocks of stones 
to ensure that they conform to the general scale of the building. Badly proportioned 
stones, which are either too small or too large for the purpose, completely mar the 
appearance of the work. The minimum thickness of the stones or the course recom
mended for this sort of masonry Is 12 Inches. An adequate bond of blocks of uniform 
size is obtained If the length of each stone ranges from two to three times the height 
and If the courses break Joints on the face by at least half the height of the course. 

(b) ASHLAR FACING-Ashlar Is the best and the most expensive grade of masonry. 
Usually the cost Is greatly reduced by having a backing of brickwork, rubble, or concrete 
and a facing of ashlar blocks. It is necessary that the facing Is effectively bonded with the 
backing and If the latter Is of brickwork, unnecessary cutting of the bricks Is avoided. 
Effective bonding Is obtained and waste of bricks, labour and cutting Is avoided when: 
(a) ashlar courses are alternately 9 Inches and 41 Inches thick on the bed. (b) the 
thickness of the backing Is a multiple of half bricks: and (c) the height of each course of 
ashlar Is equal to the combined height of brick courses and thickness of the bed Joint. 

On account of thin mortar joints of ashlar and larger number of bed Joints of 
the backing, It Is necessary that the latter Joints are as thin as possible so as to guard 
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agalnn unequal settlement. To ensure that uhl:ir vertical Joints are completeli' filled 
with mortar, a "V" shaped notch fs usually formed In Eilch vertical Joint surface forming 
a square hole between e:ic:h pair of adfacent blocks. In constructing ashlar, mortar Is 
spread on t he front edge of the vertical surFace-T~boUt 2 lnch!Twldl!,ottfre-tastiixed
stone; the adjacent stone Is then placed In position; the b~ck of the vertical Joint Is 

pointed with the morur: and liquid mortar (grout) Is puurcd down the hole to form 
Joggle, filling completely the space between each p:ir cf stones. The complete beds 
of the ashlar blocks :ire squared wlth the face. If a bed Is ""worked hollow" (I.e. the 
surface Is brought below the cuter edge of the stone to form an cquiv;ilent to a frog 
0£ a brick), there is a d,mger or the pressure being concentr;;tc:l on the outer edge, 
ausing the stone t-> crack and splinter off. Minimum thickness or the height of a 
course In c:he ashlar facing Is 8 Inches. Almost I /3rd of the entire length of each 
coune consists of headers. Usually the stones used are not less thln 1! feet long :ind 
8 inches high. It is extremely necessary that both the facing and the backing are done 
slmultaneou!ly. To ensure effective bonding, bond stones spaced S to 6 foct apart In 
a course run right through the b.icklog when the wall Is less than 2¼ feet thick. In 
thicker walls two bond stones o,rcrlap c:tch ocher by at least 6 inches. 

(c) ASHLAR BLOCK IN COURSE. /111.SONRY-This Is the type of m:uonry used for 
harbour walls, embankments and similar heavy works. The stones are usually rock 
faced, square, brought to wide Joints, and set In cement mort:r I :3 or hydraulic lime 
mortar (I of lime and 2 or sand). The blocks are built In course, the height or which 
usually ranges from about 9 Inches to H Inches, and in no case Is less than 6 Inches. 
The maximum height of courses does not exceed 24 to 30 Inches in the largest class 
of work. All the stones or any one course :ire of the same height, but the height of 
all the courses need not necessarily be the same; they may diminish regularly from the 
bottom to the top. No stone Is le.\S in width than 11 times its thickness. The length 
of the header and stretcher should be at least 2½ times their thickness. In the smallest 
dass of work no stone h3s a bed area leu than 2 square feet :ind an the largest not more 
than IS squ:re foet. There ls one head~r for every two stretchers. In walls less than 
2 feet thick, through stones :ire inserted in every course at S feet intcrv3ls, breaking 
lolnts with small~r stones In courses above and below. In thicker walls more th:m 
one thr~ugh nones have to be used which overl:ip each ether by no less than the height 
of the course. The thickness of face joints does not exceed 1/4 inch. The Interior 
stones called hearting or backing scones are or the same height and breadth as the face 
stones. They are arran:ed to give the best possible bond and to break joints as far as 
possible. 

(d) COURSe RUBBLE. MASONRY-It Is frequently used for the smallest sizes of 
brid&e abutments, small arch culverts. box and open cul'lerts, walllngs ror unimportant 
buildings. foundations of buildings and backing. of ashlar masonry. It Is composed of 
rouchly shaped stone fittings. approximate on level beds and wall bonded. When careful• 
ly executed with good monar. the masonry possesses the strength and durablllty requir
ed In ordinary structures and is much less expensive than ashlar. The bloc:ks are built 
In horizontal courses, the height of whkh nnges from 8 inchu to 1-1 inches, but In no 
case Is less than 6 Inches. The height of all the stones in a coune Is the same. and all 
counes are preferably or the same height. All the headers of bonding stones are of the 
same height as the course ln which they are used, :and are so arranged that there Is one 
header to three or four stretchers. The length of these headers Is more than l feet 
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so that only one Is required for a wall of 2 feet thickness. In a thicker wall, however, 
more than one header are used overlappln1 each other by not less than the height of 
the coune. All side joints are vertical and beds horizontal having a thickness of not 
more than 3/8 lnch. The joints are broken on the face by at least half the height of the 
course. The quoins or the same height as the coune In which they occur are formed 
of header stones at least I¼ feet long, laid lengthwise alternately along each face. They 
are laid square on their beds and are fairly dressed to a depth of at least -l Inches. 
The Interior of the walls consists of flat bedded stones carefully laid on their proper 
beds and solidly bedded In mortar. Chips and spawls of stones are wedged, where 
necessary. to ensure that no dry work or hollow spaces are lefunywhere In the masonry, 
so that thick beds or Joints of mortar are avoided. The face work and backing are brough 
up evenly. The quality of work on the exterior face should not differ considerably 
from the Interior one, excepting that the side Joints In the latter need not be vertical. 

(e) RANDOM RUB8L£ MASONRY-This class of masonry is used for less Important 
types of walls, like boundary walls. Stones are hammer dressed on the face, sides and 
beds to an extent that they come Into close proximity. No stone shall project out or 
go Into the wall less than I¼ times Its height, and will not be of a greater height than 
either breadth of face or length of tail Into wall. Beds and joints are not thicker than 
one Inch. Stones are arranged to break joints as much as possible avoiding long 
vertical line of joining. It Is usually laid uncoursed, but when laid In courses the height 
of the course Is not less than 6 Inches. At least one bond or through stone Is provided 
In every S square feet of the face which runs right through the wall, If the wall ls not 
more than l feet thick. In thicker walls continuous line Is laid from face to back with 
an overlap or not less than 6 Inches. The Interior filllng between the front and back 
faces c:onslsu of rubble stone not less than 6 Inches In any direction. The stone Is care• 
fully laid, hammered down with a wooden mallet Into place and solidly bedded with 
mortars, chips and spawls being wedged In to avoid thick beds of Joints and mortar. 
Each stone Is laid on lu quarry bed. 

(f) DRY RU88L£ MASONRY-This type of masonry Is employed for constructing 
breast walls and retaining walls. Stones are very roughly dressed to secure the maxi· 
mum beddln1 surface without unnecessarily reducing the size of the stone. Largest 
possible stones available are used In such construction, and larger stones form the 
lower courses. For the purpose of subllity these dry walls are built with a face 
batter of I :.f having a vertical back. The base as well as the courses run at right angle 
to the face of the wall. Proper bond Is secured by providing at least one header at 
an Interval of 5 feet In a course. As they are normally built to retain hill slides where 
sprlnp are encountered, It Is necessary to have weep holes for effeaive drainage. 
Stone spawls or chips are used Immediately behind these walls for filling. Earth Is not 
used unless It Is absolutely Impossible to get stone chipping. 

(g) MISCELLANEOUS-In addition to the classes of masonry mentioned above, 
quite a few others are being employed depending upon the types of stones and other 
materials (like timber) available In a locality. A compound wall having wooden fram
ln& filled with nndom rubble masonry or brickwork Is locally known as "dhajjl walls". 
These walls are resorted to only at places where timber Is cheaper, for Instance In 
uphill areas llke Swat, Dir, etc. In case of stone fillln& all stones are through stones 
with flat beds and laJd to fit close against the frames and bracings. The )Qinu in the 
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filling are as fine as practicable and they are broken in every course. The framing and 

bracing are so arranged that door and window openings fit In properly without 
marring the shape of the facing or requiring additional 'chowkats'. Properly seasoned 

wood, usually deodar or oak, is used to avoid subsequent contraction, swelling or 

warping. The crosMectional dimension of the post used in framing is designed properly 
to safeguard against future failures. The framings are erected on a pllnth raised 

about one foot above the ground. 

Mortar layers between stones are called joints. Horizontal joints may be called 

bed Joints or simply beds, while vertical joints are known as joints. For the best 
arrangement of Joints in masonry, each of the face stone Is set out on the drawing, 
especially for building with a classic motif. The following general principles are 

observed:-

I. All bed joints should be arranged at right angle to the pressure coming upon 

them. 

2. The joints should be arranged to prevent any members, such as sills, from 

being under a crou-streu. 

3. The joints should be so arranged as to le.ive no acute angle on either of the 

pieces joined. 

The first condition applies to all kinds of masonry. It is necessary to prevent any 

sliding tendency between the stones. 

The second condition applies chleny to sills and lintels. Sills, If bedded along their 

entire length, are liable to fracture becasue of the tendency to greater settlement 

under the piers than under the walls below the openings. To prevent cross-stress, 
only the extremities of the sills are bedded, the remaining portion is left under the 

surface having no bedding. 

The third condition applies chiefly to the joints in tracery work, and any exposed 
Joints In any other work. Stone being a granular material, anything approaching an 
acute angle is liable to weather badly; therefore in any tracery work having several 

bars intersecting, a stone is arranged to contain the intersections and a short length 

of each bar In such a fashion that the tolnu are; 

(a) at right angle to the direction of the abutting bars, if straight, or 

(b) in the direction of normal to any adjacent curved bar. 

This not only prevents any acute angle occurring, as would be the case if the joints 
were made along the line of intersection of the moulding, but also ensures a better 

finish, because Intersection line can be carved more neatly with the chisel. It is also 
more lasting than a mortar joint occurring along the above line. 

Broadly speaking, It has the following three categories: 

(a) JOGGLE JOINTS-This includes tabling Joints, cement joggle, dowels and 

pebble joints which are described brieny below:-

Joule-lt Is a form of joint in which a portion of the side joint of one stone Is cut 
to form a projection, and a corresponding sinking is made In the side of the adjacent 
stones for the reception of the projection. It is chiefly used In landings to prevent 
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any movement between the stones and to retain a level surface. It also assists in 

distributing weight over every stone In the landings. 

Tabling jo:n,-lt consists of ii joggle formed in the bed Joirtts to prevent iat(;1 :ii 
displacement in the stones of ii Willl subjected to lateral pressure, such as in sea-wait. 
The projection in this case is about I! inches in depth and !}3rd or the stone in width. 
Slate jogglei having a dimension of I 2" ·-: -1" .-: r are oftc:i substituted for ublini 

joints to reduce expenses. 

Cement J :,ggie!-lt consisu or a V-shaped sinking in the side Joint of each 
adjacent stone in a course. These are generilly employed in the side Joints of the top 
courses of masonry to prevent litteral movement. 

Di,wel-lt consists usu::illy of pieces of hudstone, slillc or copper about I Inch 
square in section ,md v;irylng from about 2 Inches to 5 inches In length, being sunk and 
set in cement in corresponding mortices in the adjacent stonas. They are used both 
in the sid<;? .:nd bed joints. They ilre generally used in top course~ of ma5onry where 
the weight on or of the Individual stone is not great, and also in dressings, about open
ings and in the bed joints of the drums of columns, balusters, and In any posiLion 
where lateral movement is likely to occur. The united mass thus formed from the 
connected stones renders any movement imj)OSsiblc und~r normal conditions. 

Pebbles-Small pebbles bc:lded In cement in the joints of stone arc ust?d to 
prevent bter:ll motion; they are very economical .nd effective. 

(b) CRAA1P~-They arc of different types like metal cr:1mps. lead plugs, slate 

cramps, anchor bolts and rag bolts. 

Metal Cramps-They are used like dowels to bind work together, but are more! 
particu\arlt useful for positions where stone! have J tendency to come apart e.g. in 
copings. co\·ering a gable, or in face stones of no greilt depth, or cornices and projecting 
string courses to tie the stones to the body of the wall or co the steel skeleton supports. 
Cramps arc made of thin pieces of metal of varyrng length and sectional area according 
to the work, bc:-,t at right anl1c about 1 ! ir.ches ;-.~ each end. A chase with a do.-e-u.1led 
mortice at c:ich end is made in the stones to r~::cive the cramp, the ends or which are 
made rough. M~tals, of wh,ch cr;imps .:ire usaally prepared, are wrought iron, copper 
and bronze. Ii wrought iron is used it is usually subjc::le:d to some preservative proce:.~. 
such as galvanising, tarring and sanding or coating with a wash of neat cement, to pre
vent oxidation. Care is taken to cover ::he cramp completely with the bedding milterial. 
The best bedding m.itcrials arc cement, lcad and :isphalt. Lead is at times objected 
to for external wcrk because it tend~ to form a galvanic couple with the cramp in tile 

presence of moisture, in i1dd1t1on to oxidation. 

Lead Plugs-Stones may be conncc:ed together by means of lead in the following 
m:inner. Dove-nil shaped mortices are made to corrc~pond the side joints of two 
adjacent stones into which, when placed in position, molten lead is poured. When It 
bcc~mcs cool a j c ch:tulkcd, thiis completely filling tn~ mortices and cc11nccting ti,~ 

piece:.. 

Slate Cran~ps-Conslsting of pieces or slate about r :w: r :-: I# cut to a double 
dove-t:iil form they are bedded in cement in sin kings. formed to receive them, and arc 
generally med in flat coping stones. 
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Anchor Bolts-Long Iron bolts are frequently employed at the back of cornices 
that have great profection. In such cases the centre or gravity of the mass Is danger
ously near the edge or the wall. The bolts are passed through a hole drilled through 
the back of the co.rniceJ>..Ur:.eJnse.r:tedJntcu...dlastLWOclwulong_the..baduace..of-th-----------
stone, and extended a sufficient distance down the back of the wall, being provided at 
their lower ends with large Iron plates or washers. The effect gives homogeneity 
to the whole mass, thus bringing the centre of gravity of the combined mass back a 
sufficient distance from the front of the wall to ensure safety. In steel framed build-
ings, steel members of the roof, secured to the building, are designed to tail down most 
effectively the projecting stone cornices. In pinnacles at the tops of spires and buttres-
ses, formed of small stones, it is usual to connect a sufficient number of them together 
with an Iron bolt, which later usually contain their common axis and thus Increase 
stability by rendering the mass homogeneous. 

Rog Bolts-The ends of the bolts are often fixed by having the end that Is let 
Into the stone fagged, and run with lead, or cement. The mortices have dove-tall shape 
to secure It from any upward pressure. It Is replaced by an anchor bolt and plate, 
where there is any probability of a great upward stress. The bolt Is passed through a 
hole drilled through the stone. 

(c) WEATHER JOINTS-The term includes all joints or precautions taken to 
prevent the deterioration of the Joints of cornices or other exposed parts or masonry 
owing to the percolation or water Into the Joints . 

Saddled or Water Joints-To protect the joints of cornices and other exposed 
horizontal surrac:e or masonry, the sinking is sometimes topped before the Joints and 
weathered off~ Any water passing down the weathered surrace Is diverted from the 
lolnt. 

Rebated Joints-These joints are used for stone roofs and copings to obtain weather• 
tight joints. They are of two kinds: (I) when both stones are rebated, (2) when the 
upper stone only is rebated. In the first case the stones are of the same thickness 
throughout, their upper surface being level when the Joint Is made. In the second 
case the stones are thicker at the bottom edges than at the top, the bottom edges 
having a rebate taken out equal to the thickness or the upper edge of the stone below 
It, over which it fits. The part that overlaps should not be less than 3/,. inch thick. 
The under surfaces or beds of the stones are made level. The upper exposed surface 
of all masonry built of soft or porous stones is protected by a lead covering. 

Square openings In buildings are frequently bridged with stone llntels. Stone, 
owing to Its low tensile resistance, Is not well suited to act as a beam, and in wide open
ings every care must be taken to relieve these members as far as possible or the weight 
above. There are two kinds of lintels : (I) lintel made of one piece of stone where 
the opening Is small, (2) lintel built with several stones where the opening Is large. 
The first kind Is divided Into; (a) lintels bridging narrow openings, or those made of 
great depth, rendering any precautions for relieving the pressure unnecessary; (b) lintels 
with a relieving arch over, usually employed In rubble walls, and (c) lintels in rubble or 
ashlar work. Where It is Inconvenient !O use a relieving arch, a flat arch of three 
stones Is constructed above the !Intel. The centre stone or key In this type Is termed 
as "The Save". In bedding the save stones, no mortar Is placed on the lintel, but the 
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stones are supported In thetr position by means of small wood wedges. After a suffi
cient mass of the wall has been built to tail down the side saves, the wedges are re
moved. In finishing the wall, the iOlnt between the saves and the lintel Is pointed 
only, thus no weight from the wall above is brought to bear on the lintel. 

Where it is inexpedient to employ a relieving arch or a save stone, and where 
the opening is too great for a single stone to form a lintel, it is often formed by a num
ber of blocks either Joggled together or with an iron core. The method now frequent
ly adopted is to build the lintel with a number of pieces, with vertical joints and in two 
thicknesses; and the front and back portions arc made to envelop the flanges of a steel 
1irder which bridges the whole span and takes its bearing on the columns. The back 
front pieces are connected on the soffit by small copper cramps. The latter are bed
ded In cement mixed with dust from the stones to be united. The upper surface Is 
connected by cramps of iron or copper, extending from front to back either over the 
top of the steel girder or through its web. The whole soffit is finally rubbed over with 
a piece of stone similar to the lintels, to render the joint as invisible as possible. Care 
Is taken to protect the steel girder from the danger of oxidation by applying one of 
the preservuive processes described for iron and steel. 

Where stone lintels are employed over shop fronts, and the span is too great for 
one stone, steel girders arc used to uke the weight or the superstructure. Stone fascia 
is built or a number or stones arranged either as voussoirs with radiating joints or 
longer stones with vertical joints. In both the cases, the stones arc cut at the back to 
fit in the flanges of the girder and at each joint :i bronze dowel is mortised Into the 
adjacent stones securing them together. A bolt is passed through the web of the 
girder, being sunk half into each stone and hooked at the end over the dowel. 

lintels are often constructed as flat arches, and may be divided into the following 

kinds: 

(a) lintels having radiating Joint and joggle, (b) lintels having radiating joint step
ped and (c) lintels having vertical joint, the stones bolted to steel girder. 

In (a) the joints are radiated to a common centre and are Joggled to prevent lateral 
movement. Portland cement Joggle is used at each radiating joint. 

In (b) the joints radiate to a common centre and are stepped-a method usually 
considered necessary where a moulded band traverses the lintel. The step renders 
any dropping of the central voussoirs Impossible. 

(c) This method is usually employed in the formation oflarge classic entablatures. 
The lintel has vertical face Joints, a secret arch being sometimes formed In the central 
portion of the Joint. However, this being a weak form of arch, the bulk of the weight 
Is relieved by bolting or cramping the stones back to a reinforced concrete or steel beam. 

Stone arches are extensively used in building construction to span openings in 
walls and arcades. The stones forming the arch ring are accurately cut to shape, pre
ferably with their bedding planes perpendic.ular to the arch axis. They are set in 
cement mortar. The backs of stone arches are commonly stepped to facilitate the Join• 
Ing of arch stones and stone courses of the wall. In arches up to IS Inches thick, 
through stones are used extending from the lntradosto the extrados. In arches over 
15 inches thick, It is, at times, convenient to build two rings, in which case the header 
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and stretcher stones are laid alternately. The headers are through stones from in· 
trados to e~trados and the stretchers through stones for one ring. In the case of three 
rings the alternate headers break joint to the amount of the full depth of one ring. In 
the case of rubble arching, stones are not less than 3 Inches thick on their least dimen-
slon and break joint for not less than 6 inches. All stones in one course are approxi
mately of the same thickness. The thickness of the joint at the intrados does not ex

ceed half an inch and the open extrado joinu arc solidly wedged with chips and spawb 
set in mortar . 

For ashlar fine tooled work, no stone has a length of less than 12 inches while SO 
per cent of them have a length of I 8 inches or more. The thickness of the jolnu does 
not exceed 3j l6 inch. and :ill joints radiate properly from the centre of the curve. 
In the case of block-in-course, the thickness of stones is not less than 6 inches on their 
least dimensions, but the thickness of joints does not exceed 114 inch. 

The slopes of rail or ro:id embankments, spurs, excavations, canals, river banks, 
etc., are stone pitched to pre!erve :ind protect them from rain, wave•wash, weather, 
etc. This pitching is properly toad down by having a proper foundation, and it is usual 
to put .in ;adequate length of horizontal bed pitching called the apron where deep 
scours are anticipated . The pitching is graded by having a layer of spawl or finer 
material under the stone which is known :is backing or sub-grade and is compacted 
well. Backing as well as paching arc done simultaneously. The thickness of pitching 
depends upon the force of water current to which it is to be subjected. Groynes and 
flood embankments have usually 2 feet thick pit1::hing made up of0.7 foot spawl or sub
grade and I .l feet stone. Stones are as big as possible up to the size of the pitching and 
lald closely and firmly bedded with their length perpendicular to the face of pitching. 
They must be durable and tough stone. Surface of the pitching must be left rough and 
not dressed to smoothness, bcc:iuse rough surfac.:? •~ more effective for guarding against 
wave-wash. Normally pitching should be done by quarried stone. Boulders are only 
used where they are available locally or where it cannot be helped. 

As mentioned above it is necess:iry to provide a wide stone apron of suitable thick• 
ness at the toe of the pitched slope for protection against scour. Without an apron, 
the stone-pitched slope would obviously slip into any scour hole that is formed at the 
toe ofthe pitching. The stone apron would take up all the slipping into the scour hole 
that is necessary and thus keep the pitched face In tact. The design of a stone apron 
would depend upon the following factors:-

(a) The depth of the maximum scour that is likely to occur. 

(b) The sub-surface slope which 1s hkely to be taken up by the side ofthe scour 
hole, This is usually taken as 2: I minimum. 

(c) Thickness of the uncrod1ble coating required on the slope of the scour hole. 
It Is usual to take this thickness as 2 feet for the purpose of design. The volume of the 
stone per foot run of an Jpron would thus be :-

" '5 X D ~,: 2.0=4.5 D dt. (approx1nmc) 

Dis the difference between the low water level on which the apron is laid and the 
anticipated scoured bed measured in feet. The width of the .ipron is usually kept as 
I¼ time the deplh of the maximum scour, since it is desirable to keep the scour hole at 
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a distance from the slope so as to ensure a minimum sub-surface slope of 2;1, The 
apron Is designed thicker at the outer edge than at the Inner end adjoining the toe of 
the guide bank, as shown In figure given below:-
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NO, 22, 1 STONE MASONRY (GENERAL) 
Specifications 
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Scope I. Unless otherwise specified, all stone masonry shall be finished in a workman-
like manner true to dimensions and grades shown on the drawings. 

Stone 2. Stone shall be procured from an approved source and shall conform to Specifi-
cations No. 7.1 for Stone. Approved sample of the stone shall be retained as a standard 
of material to be furnished at the site of work. All stone used In the work shall be 
equal in all respects to the approved samples. 

Staclclna of Stone 3. Through bond stones shall be stacked separately, and shall be marked on the 
face with tar or paint. Marks shall be made on the Inner face or the face to be 
plastered. 

Mortar 4. Mortar shall be either as shown on the drawing or, If it is not shown, as speci-
fied or directed by the Engineer-In-charge. It shall be prepared in accordance with 
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the relevant provisions set forth in Specifications No. 19.1-19.5 for the specified mortar. 
When specified (or face work the colour of the mortar shall be of an approved quality 

and brand. No waterproofilng material shall be added to the mortar unless specially 

required or directed by the Engineer-In-charge. 

S. Water shall conform to Specifications No. 1] 

6. All equipment used for mixing and transporting mortar :md for laying stone 

shall be clean and free from set mortar, dirt, or other ln}ur/ous foreign ~ubstances. 

The equipment shall be thoroughly cleaned at the end of each day's work. 

7. Before use, all stone shall be soaked In clean water In a tank or a pit for at least 

l hours. except in case of masonry in mud mortar where dry stone shall be used. 

8. (I) Every stone shall be laid in the work on Its natural quarry bed or In such a 
manner that the stresses borne by It come normal to such bed. 

(II) Whenever poulble. the entire masonry In any structure shall be carried up at 
uniform level. Where breaks are unavoidable, Joints shall be made In gradual steps. 
Cross walls shall be carefully bonded Into tlh! main w:ill and all junctions of wall shall 

be formed at the time the walls arc being built. 

(Iii) Each stone shall be set with both bed :ind \'Crtical joints filled with mortar, 

except in case of dry stone pitching or masonry, and thoroughly bedded In. 

(iv) All masonry shall be taken up truly plumb or ac the specified slope in the 

case of batter. 

(v) Quoins and jambs shall be laid at a true right angle to the bed, the corners 
being straight and vertical. In the case of masonry with hammer dressed stcne, a chisel 

draft one-Inch wide shall be given on each extern:il face to allow accurate plumbing. 

Quoins shall be laid headers and stretchers alternately. 

(vi) Jambs for door and window openings shall be formed with quoins of the full 
hei&ht of the course. The length and breadth or the quoins sh:111 be at least 2i times and 
I¼ times the <lepth of the course respectively. For door openings three, and for win
dow openings two, of these quoins shall be stone o( full thickness o( wall. Door and 

window frames shall be let Into ½-Inch chassis In the quoins. 

9. Holdfasts and similar fixtures shall be built in with the surrounding stone 
masonry In their correct position in specified mortar. These shall be built in as the 

work progresses and not Inserted lacer on Into space left for them. 

10. All lintels and inside stone, not to be plastred over, shall be of the full width 

of the wall In which they are laid, including the thickness of the plastered face or faces. 

11. Door and window openings shall have flat or relieving arches or lintels span
ning across them as shown on the drawing or as specified. 

12. The contractor shall provide all scaffolding, staging, ladders, etc .• necessary 
for the work. All walls or other stone masonry of the building shall be securely braced 
and protected against damages by wind and storms during construction. No extra rate 
will be paid for this Item of work. 
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13, The centrings for all openings shall be strong enough to support lintels or 
arches spanning the openings. They shall be subject to the approval of the Engineer. 

In-charge and shall remain in position till stone masonry has set. No additional pay
ment will be made to the contractor for this icem of work. 

1-1. Only headers shall be left out to allow a putlog to be Inserted, and not more 

than one stone shall be left out for each putlog. Under no circumstances shall put
logs be made Immediately under or next to the Impost or screw back or arches. 

IS. Corners shall be rounded where specified. (Such work shall be payable se
parately In the case of exposed ma~onry but not In the case of masonry co be plastered.) 

16. The exposed surface shall be finished as specified. When not specified, Jolnu 
shall be struck simultaneously with masonry work keeping the face of the work clean. 
(Payment for striking the Joints shall be made separately on superficial area of the 
masonry.) 

17. Bed plates shall be provided under all beams and Joists. They shall be chisel 
dressed on a11 faces and conform to the dimensions given In the drawing and shall be 
carefully lald having fine Joints with the specified packing to give the correct level. 

18. Cramps, Joggles and dowels shall be used whenever specified or directed by 
the Englneer•ln-charge. Cramps shall be or copper or lead and shall be from 6 Inches 
to 12 Inches In length, 3/8 Inch to I Inch In thickness .1nd I Inch to 2 Inches In width, 
as specified. They shall have each end turned at right angle. Copper cramps shall 
be forged, and set with neat cement. Lead cramps shall be formed by running moulten 
lead Into the dove-tail channels. Joggles and dowels shall be of double wedge form 
and made of copper, slate or similar stone and set In neat cement. On no account 
iron cramps. Joggles or dowels, whether galvanized or otherwise, shall be used. 

19. All stone masonry shall be protected during construction from the effects or 
rain and frost by suitable covering. The masonry laid in cement and lime shall be kept 
moist for a period of IO days. 

20. Coping stone shall be full size throughout, of dimensions indicated on the 
drawing or as specified, If not shown on the drawing. Beds, Joints and top shall be 
fine pointed. All copings shall be dowelled or cramped, as specified, and the cornen 
of plllars, skew backs and similar work shall be Joggled to the stone below, If so speci
fied. 

21. The string courses shall tail at least 9 Inches Into the work with a full bearing 
for at least 4 Inches and shall be paid for at a rate per running foot along the course. 
They shall also be throated on the underside, If so directed by the Englneer•ln-charge. 

22. The unit rate (on labour rate basis) shall include the cost of building stone 
masonry, cutting and dressing stone to the specified degree of refinement, curing and 
protecting as per above specifications and/or any other speclfic:ltlons specl:lily Included 
In the contract. It shall further Include the cost of providing, using and removing 
scaffolding, shuttering, centring, staging, ladders, supports, tools and plants requir
ed for building scone masonry as per above specifications. 

23. The unit rate shall include the cost of stone, mortar and any other material 
required, In addition to the labour race decalled above. 
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NO, 22,2 DRESSING AND CUTTINI STONES 
Specifications 

I. Stone shall be dressed to the exact size shown In the approved drawing or as 
1peclfied:--All-vlslble-edges--shall-be-frea..f rom..dllpplnp...._ 

l. It shall be executed accurately in accordance with the design and w.:,rked to 
approved templates. The exposed faces shall be finished as specified or as directed by 
the Englneer.Jn•charge. 

3. Also called three.line dressed stone, It shall be fine chisel dressed having the 
ltestsurrace which can be given to a stone with chisel and without rubbing. A nralght 
edie laJd along the face or the stone so dressed shall be In contact with the surface at 
every point. 

.f. Also called twc,..llne dressed, It shall be sparrow picked or chlsel dressed so 
that no portion of the dressed face Is more than 1/8 Inch from a stralcht ed1e placed 
on It. 

5. Also called one-llne dressed, It shall be sparrow picked, or chisel dressed so 
that no portion of the dressed face Is more than I J.f Inch from a straight edge placed 
on It. 

6. Scabbled or hammer dressed stone shall be dressed with a scabblin& hammer 
without any picking, chiselling or rubbing. 

7. All cut stone, moulded or ornamental work shall be measured by superficial 
area, unless otherwise specified, The dressed surface area of each stone shall be 
measured separately. 

8. The unit rate for dressing/cutting or moulding shall Include dressing/cutting 
or moulding the stone as per above specifications and stacking at the site of dressing. 

NO, 22,3 ASHLAR MASONRY 
Specifications 

NO. 22.3 (A) ASHLAR FINE 

General 

Cut Stone Work 
Or Mouldin1 

Fine Dressed Stone 

Chisel Dressed 
Stone 

Rough Tooled Stone 

Hammer Dressed 
Stone 

Measurement 

Rate 

I. Ashlar masonry shall be finished In line with the specified architectural details, Scope 
dimensions and grades In a workmanlike manner according to following specifications. 

l . Every stone In fine ashlar shall be dressed on all beds, Joints and faces In accor- Dressing 
dance with the Specifications 12.l for dressing of stone; full true and out of winding, 
If the surfaces are plain or to uniform curves and twists, If so specified. 

3. Stone shall be set in specified fine mortar, the beds or Joints being In no case Thickness of Joints 
more than 1/B Inch In thickness. Each stone shall be struck with a maul, when laid, 
to bring It to a solid bearing, both to the bed and the joint. 

.f. Stone shall be laid In regular courses not less than 12 Inches In height. All 
courses shall be or the same height, unless otherwise specified. No stone shall be less 
In breadth than I¼ times Its height or less In-length than l½ times Its height. 
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a distance from the slope so as to ensure a minimum sub.surface slope of 2: 1. The 
apron Is designed thicker at the outer ed&e than at the Inner end adjoining the toe of 
the guide bank, as shown In figure given below:-
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NO. 22.1 STONE MASOIRY (GENERAL) 
Specifications 

I. Unless otherwise specified, all stone masonry shall be finished in a workman• 
like manner true to dimensions and grades shown on the drawings. 

2. Stone shall be procured from an approved source and shall conform to Speclfi• 
cations No. 7.1 for Stone. Approved sample of the stone shall be retained as a standard 
of material to be furnished at the site of work. All stone used In the work shall be 
equal in all respects to the approved samples. 

3. Through bond stones shall be stacked separately, and shall be marked on the 
face with tar or paint. Harks shall be made on the Inner face or the face to be 
plastered. 

'4. Mortar shall be either as shown on the drawing or, If it is not shown, as specl· 
fied or directed by the Engineer-in-charge. Jc shall be prepared in accordance with 
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the relevant provisions set forth in Specifications No. 19.1-19.5 for thespeclfled mortar. 
When specified for face work the colour of the mortar shall be of an approved quality 
and brand. No waterproofiing material sh:i.11 be added to the mortar unless specially 
required or directed by the Engineer-In-charge. 

5. Water shail conform to Specific:i.tlons 

6. All equipment used for mixing :ind transporting mortar :ind for 1:iying stone 
shall be clean and free from set mortar, dirt, or other Injurious foreign ~ubstances. 
The equipment shall be thoroughly cleaned at the end of each day's work. 

7. Before use, all stone shall be soaked In clean water In a tank or a pit for at le:i.st 
1 hours, except In case of masonry in mud mort:i.r where dry stone shall be used. 

8. (I) Every stone shall be laid In the work on Its natural quarry bed or In such a 
manner that the stresses borne by It come normal to such bed. 

(JI) Whenever possible, the entire masonry In any structure shall be carried up at 
unl(orm level. Where breaks are unavoidable, Joints shall be made In gradual steps. 
Cross walls shall be c:arefully bonded Into tHc main W311 and all junctions of wall shall 
be formed at the time the walls :ire being built. 

{Ill) Each stone shall be set with both bed :and vertical Joints filled with mortar, 
except In case of dry stone pitching or masonry, and thoroughly bedded In. 

(iv) All masonry shall be taken up truly plumb or at the specified slope In the 
case of batter. 

(v) Quoins and jambs sh;ill be laid .it a true right .ingle to the bed, the corners 
being straight and vertical. In the case of masonry with hammer dressed stcne, a chisel 
dnft one-Inch wide shall be given on each extern:il face to illlow accurate plumbing. 
Quoins shall be laid headers and stretchers alternately. 

(vi) Jambs for door and window openings shall be formed with quoins of the full 
heJ&ht of the course. The length and breadth of the quoins sh:ill be at least 2¼ times and 
I¼ times the ~epth of the course respectively. For door openings three, and for win· 
dow openings two, of these quoins shall be stone of full thickness of wall. Door and 
window fnmes shall be let Into ¼·Inch chassis In the quoins. 

9. Holdfasts and similar fixtures shall be built In with the surrounding stone 
masonry In their correct position In specified mort.ir. These shall be built In as the 
work progresses and not Inserted later on Into space left for them. 

10. All lintels and Inside stone, not to be plastred over, shall be of the full width 
ohhe wall In which they are laid, including the thickness of the plastered face or faces . 

11. Door and window openings shall have flat or relieving arches or lintels span
ning across them as shown on the drJwing or as specified. 

12. The contractor shall provide all sc:iffolding. staging, ladders, etc., necessary 
for the work. All walls or other stone masonry of the building shall be securely braced 
and protected against damages by wind and storms during connruction. No extra rate 
will ~ paid for this item of work. 
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13, The centrings for all openings shall be strong enough to support lintels or 

arches spanning the openings. They shall be subject to the approval or the Englneer
ln-charge and shall remain In position till scone masonry has set. No additional pay
ment will be made to the contractor for this Item or work. 

1-4. Only headers shall be left out to allow a putlog to be Inserted, and not more 

than one stone shall be left out for each putlog. Under no circumstances shall put• 
logs be made Immediately under or next to the Impost or screw back of arches. 

IS. Corners shall be rounded where specified. (Such work shall be payable se• 
parately In the case of exposed ma~onry but not In the case of masonry to be plastered.) 

16. The exposed surface shall be finished as specified. When not specified, Joints 
shall be struck simultaneously with masonry work keeping the face or the work clean. 
{Payment for striking the Joints shall be made separately on superficial area of the 
masonry.) 

17. Bed plates shall be provided under all beams and Joists. They shall be chisel 
dressed on all faces and conform to the dimensions given In the drawing and shall be 
carefully laid having fine Joints with the specified packing to give the correct level. 

18. Cramps, joggles and dowels shall be used whenever specified or directed by 
the Engineer-In-charge. Cramps shall be of copper or lead and shall be from 6 lnche, 
to ll Inches In length, 3/8 Inch to I Inch In thlckness and I Inch to 2 Inches In width, 
as specified. They shall have each end turned at right angle. Copper cramps shall 
be forged, and set with neat cement. Lead cramps shall be formed by running moulten 
lead Into the dove-tail channels. Joggles and dowels shall be of double wedge form 
and made of copper, slate or similar stone and set In neat cement. On no account 
Iron cramps, joggles or dowels. whether galvanized or otherwise, shall be used. 

19. All stone masonry shall be protected during construction from the effects or 
rain and frost by suitable covering. The masonry laid in cement and lime shall be kept 
moist for a period of IO days. 

20. Coping stone shall be full size throughout, of dimensions indicated on the 
drawing or as specified, If not shown on the drawing. Beds, joints and top shall be 
fine pointed. All copings shall be dowelled or cramped, as specified, and the cornen 
of pillars, skew backs and sfmilar work shall be Joggled to the scone below, If so speci
fied. 

21. The string courses shall tall at least 9 Inches Into the work with a full bearing 
for at least 1 Inches and shall be paid for at a rate per running foot along the course. 
They shall also be throated on the underside, If so directed by the Engineer-In-charge. 

22. The unit rate (on labour rate basis) shall Include the cost of building stone 
masonry, cutting and dressing stone to the specified degree of refinement, curing and 
protecting as per above specifications and/or any other speclfic::atlons specially included 
In the contract. It shall further Include the cost of providing, using and removing 
scaffolding, shuttering. centring, staging, ladders, supports, tools ::and plants requir
ed for building stone masonry as per above specifications. 

23. The unit rate shall include the cost of stone, mortar and any other material 
required, In addition to the labour rate detailed above. 
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NO. 22,2 DRESSING AND CUTIINI STONES 
Specifications 

I. Stone shall be dressed to the exact size shown In the approved drawing or as 
,eclfied~ll-vlstbl~dges-1hall-be-free-from.-<hlpplngs 

l. It shall be executed accurately in accordance with the design and w:>rked to 
approved templates. The exposed faces shall be finished as specified or as directed by 
the Engineer-In-charge. 

3. Also called three-line dressed stone, It shall be fine chisel dressed having the 
bestsurface which can be given to a stone with chisel and without rubbing. A straight 
edge laid afon& the face of the stone so dressed shall be In contact with the surface at 
every point. 

<l. Also called two-line dressed, It shall be sparrow picked or chisel dressed so 
that no portion of the dressed face ls more than 1/8 inch from a str1l1ht edce placed 
on It, 

5. Also called one-line dressed, It shall be sparrow picked, or chisel dressed so 
that no portion of the dressed face ls more than I /.f Inch from a straight edge placed 
on It. 

6. Scabbled or hammer dressed stone shall be dressed with a scabblin& hammer 
without any picking, chiselling or rubbing. 

7. All cut stone, moulded or ornamental work shall be measured by superficial 
area, unless otherwise specified, The dressed surface area of each stone shall be 

measured separately. 

8. The unit rate for dressing/cutting or moulding shall Include dressing/cutting 
or moulding the stone as per above specifications and stacking at the site of dressing. 

NO, 22,3 ASHLAR MASONRY 
Specifications 

NO. 22.3 (A) ASHLAR FINE 

General 

Cut Stone Work 
Or Mouldin& 

Fine Dressed Stone 

Chisel Dre11ed 
Stone 

Rough Tooled Stone 

Hammer Dressed 
Stone 

Measurement 

Rate 

I. Ashlar masonry shall be finished In line with the specified archlteaural details, Scope 
dimensions and grades in a workmanlike manner according to following specifications. 

2. Every stone In fine ashlar shall be dressed on all beds, Joints and faces In accor- Dressing 
dance with the Specifications 22.l for dressing of stone: full true and out of winding, 
1r the surfaces are plain or to uniform curves and twists, If so specified. 

3. Stone shall be set in specified fine mortar, the beds or Joints being In no case Thickness or Joints 
more than 1/8 Inch In thickness. Each stone shall be struck with a maul, when laid, 
to bring It to a solid bearing, both to the bed and the joint. 

.f. Stone shall be l~d In regular courses not less than 12 Inches In height. All 
courses shall be or the same height, unless otherwise specified. No stone shall be less 
In breadth than I¼ times Its height or less In-length than 2½ times Its height . 
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Size or Stone 



Bond 

Throu1h Stone 

Counes 
Jambs 

Other Respects 

S. The face stone shall be laid header and stretcher alternately, unless otherwise 
specified. The headers arc arranged to come as nearly as possible In the middle of the 
stretchers below and the stone in adjacent layers shall break lolnu on the face for at 
least half the height or the course, and the bond shall be carefully maintained through
out. 

6. In walls 2¼ feet thick and less the header shall run right through the wall. 

7. The course line shall be horl1ontal and side joint vertical throughout. 

8. fambs In door and window openings shall be formed with quoins of the full 
height of the course. Unless otherwise specified, the quoins shall not be less In breadth 
than 1¼ times or in length less than twice the depth. At least three quoins in case of 
doors, and two quoins In case of windows, shall be stones of the full thickness of t.he 
wall. 

9. In all other respects the work shall comply with the Specifications No. 22.1 for 
Stone Masonry (Genera)l. 

NO. 22.3 (8) ROUCH TOOLED OR BASTARD ASHLAR 
Specifications 

I. The faces exposed to view shall h:ivc a fine dressed chisel draft, one inch wide, 
all round the edges and be rough tooled between the drafts, and on all beds and Jolnu, 
which shall not exceed 3/8 Inch In thickness. 

2. The stone shall be set In specified mortar. In other respects such as size of 
stones, bond, jambs, courses, etc., specifications shall be the same as laid down for Fine 
Ashlar No. 22.3 (A). 

NO. 22.3 (C) ROCK RUSTIC OR QUARRY FACED ASHLAR MASONRY 
Specifications 

I. It shall be similar co Specifications No. 22.3 (B), except that the exposed faces 
of the stone between the drafts shall be left rough as the stone comes from the quarry. 
But no rock face or "bushing" shall project more than 3 inches from plane of drafts. 
The drafu may be omitted altogether, except at quoins If required for archltectunl 
purposes, or as specified. 

NO, 22.4 ASHLAR FACING 
Specifications 

General I. The faces of stone shall be, as specified, rough-tooled, rustic (with or without 
chisel draft, except at quoins) or chamfered. For a particular work, facing shall have, 
as specified, a backing of brickwork, concrete or rubble masonry. 

Dre1sln1 of Stones 2. In walls of rubbles or concrete faced ashlar, the dressing shall be as specified, 
except for the dressing of the backs of stone, which may be left rough In the state they 
are received from the quarry. 

Size of Stone 3. No course shall be less than 8 Inches In height. One-third ofthe entire length 
of each course shall be headers, used at regular Intervals. Headers shall not be less 
than the breadth of the ashlar stone plus 18 Inches. Unless otherwise specified, no 
stone shall be less than I½ feet long. 
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4. Unless otherwise specified, the depth of the facing shall not be less than '4! Depth of Facing 
Inches and 9 inches in alternate courses. 

5. The height of the courses shall be equal to the exact number of courses of H2ight of Courses 
brick or rubble with Intermediate mortar joints. The backing shall be carried !e_ _ 
simultaneously with the face work. 

6. Beds and joints shall be true and square for at least 4!· inches and 1·! inches 
respectively from the face. Beds and joints shall not be more than I 18 inch thick 
and¼ Inch thick respectively. 

7. Bond stones shall run right through backing when wall is not more than 2! feet 
thick. In case it Is thicker, stones shall overlap at least 6 Inches and shall be Inserted 
between 5 feet and 6 feet apart, cle:ir in every course. 

8. In work of this son, the face work alone shall be measured and paid for :u 

ashlar, as Is dressed back, according to the type of ashlar masonry 22.3 (A), (8), (C), 
true and square on the beds and joints, I/3rd more Is allowed for headers (e.g. In 11 
Inches courses a thickness of 16 Inches from the face would be paid for as ashlar), and 
the remainder is paid for according to the character of the backing. 

NO, 22,5 ASHLAR BLOCK IN COURSE MASONRY 
Specifications 

I. Stone shall be rough tooled on all beds and joints so as to give rectangular 
shape. Faces shall be accurately square and all face joints dressed at right angle to the 
face for a distance of "1 inches. 

2. Each course shall consist of stones of even thlckness and no course shall be less 
th.in 6 Inches in height. Stones shall break joints on the face by at least half the height 
of the course. No course shall be greater In height than the one below it. No stones 
In face, except closer, shall have less breadth than height. No stone shall tail into the 
wall less than its height and :it le:ist I /3rd of the face stones sh:ill tail into the wall twice 

their height. 

3. All courses shall be laid with beds truly horizontal and joints truly vertical. 
Each bed and joint shall be full of the mortar specified and each stone shall be struck 
with a wooden maul to bring it to a solld bearing. No face joint shall be thicker than 
1/4 Inch. · 

4. In walls le~s than 2 feet thick, through stone shall be inserted at every course 
at 5 feet intervals breaking joints with simil:ir stone In courses above and below. In 
walls more than 2 feet thick through stone shall overlap each other by at least 6 inches. 

5. In other respects the work shall comply with Specifications No. 22.I for Stone 

M asnory (G encral). 

NO, 22,6 ASHLAR BLOCK IN COURSE FACING 
Specifications 

I. Walls built in brickwork, concrete or rubble masonry shall be faced with ashlar 
block in course masonry. The work shall comply with Specifications No. 22.5 for Ashlar ., 
Block In Course Masonry with the following exceptions. 
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Beds and Joints 

Bond Stone 

Measurements 

Dressing 

Size of Stone 

Laying 

Bond Stone 

Other Respects 

General 



Size of Stones 

Hei1ht of Course 

Beds and Joints 

Bond Stone 

Face 

Mode of 
Measurement 

Stone 

Dre11in1 

Size of Stone' 

Mortar 

Chajjas 

Joints 

Weathering and 
Throatin1 

Dowels 

2. No stone shall be less than 6 Inches, and I/3rd ohhe entire length ohhe stone 
shall be header. No st;>ne shall be less than 15 Inches long. The depth or the facing 
shall not be less than 10½ Inches. No header shall project less than 10½ Inches Into the 
backing. 

3. The height or course shall equal an exact number or courses of brick or rubble 
with Intermediate mortar joints. The backing shall be carried up simultaneously with 

the face work. 

4. Beds and joints shall be rough-tooled, true and square for at lea.st 3 Inches and 

I¼ lnnches thick. -
S. Bond stone shall run right through the backing when the wall Is less than 2 

feet thick. In thicker walls they shall overlap at least 6 Inches. Bond stone shall be 
Inserted 5 feet apart In every course. 

6. The face or the stone shall be left rough (but no pro)ectlon shall exceed 2 lnchas) 
without chisel draft, except at quoins, where 1/2 Inch drarc shall be given. 

7. Only so much of the face stone as Is dressed back full, true and square from 
face shall be measured and paid for as block In course. One-third shall be added for 
headers. The remainder work shall be measured and paid for according to the charac• 

ter of the backing. 

NO. 22.7 COPINGS, CORNICES AND COLUMNS 
Specifications 

I. Stone cornices, copings, pillars, string courses, corbels, brackets, chalJas and 
similar works shall be made from stone of uniform colour and texture and of the kind 

specified for each. 

2. The stone shall be dressed foll or to the approved templates. !Jnless other• 
wise specified, the exposed faces shall be fine chisel dressed (three line). All visible 
angles and edges shall be free from chippings. 

., 3. No stone shall be less than 18 Inches in length nor less In height than the height 
of the copings. In cornices and string courses which do not extend right through wall, 
every stone shall tall Into the wall by at least as much as the projection behind the face 
or the wall and In no case less than 6 Inches. Coping stone shall extend the entire 
depth of the coping, unless otherwise specified or directed by the Englncer-in•charge 

In writing. 

'4. Cornices, string courses, corbels and pillars shall be set In lime mortar or ce
ment mortar or specified mix, depending upon the rest of the masonry. 

5. Chajjas, in the case of Isolated windows, shall consist or a single stone; In con• 

tlnuous chaJjas all joints shall come over the brackets. 

6. No joint shall be more than 1/8 Inch In thickness. 

7. All outside cornices, copings, corbels and similar projecting courses shall be 
weathered on the top and throated underneath. 

B. Coping stones and other similar works are to be cramped or dowelled and 
courses of pillars, skew backs and similar works shall be joggled, whenever specified, 
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9. ~ornlces, string courses and chajjas shall be measured by length. The unit 
of measurement shallbe one foot. Copings shall be measured by volume. The unit 
of measurement shall be 100 cubic feet. 

10. The unit rate (on labour rate basis) for cornices/string courses/copings/ 
chaJJas sh~II Include the cost of arrylng out cornices/string courses/coplngs/chajjas, 
cutting and dressing stone, whenever required, curing and protecting It as per above 
specifications and/or any other specifications specially included In the contract. It shall 
further Include the cost of providing, using and removing scaffolding, shuttering, centr
ing, staging, ladders, supports and other tools and planu required for carrying out 
cornices/string courses/coplngs/chafjas as per above specifications. 

11. The unit rate shall Include the cost of stone, mortar and any other material 
required In addition to the labour rate detailed above. 

ND, 22,8 COURSE RUBBLE MASONRY (1ST CLASS) 
Specifications 

I. Stone shall be laid In horizontal courses not less than 6 Inches In height. All 
stones In a course shall be of equal height and all courses of the same height, unless 
otherwise specified. But no course shall be thicker than the coune below It. All 
stones shall be set full In specified mortar In beds and Joints. 

2. The face stone shall be square on all Joints In masonry. The beds shall be 
hammer or chisel-dressed, true and square, for at least 3 Inches back from the (ace, 
and the joints for at least I½ Inches. The face of the ,cone shall be hammer dressed and 
"bushing" not to project more than I¼ Inches. 

3. All side Joints shall be vertical and beds horizontal, and no Joint shall be more 
than 3/8 Inch In thickness. No pinning shall be allowed on face. 

'4. No face stone shall be less in breadth than Its height, nor shall It tail Into the 
work to a length less than ltS height; at least I/3rd or the stone shall tall Into the work 
at least twice Its height or In walls thicker than l feet, three times Its height. 

S. Through stones shall be Inserted S to 6 feet apart In every course, and shall 
run right through the wall, not more than 2 feet thick. When the wall ls more than 2 
feet thick, a line of two or more headers shall be laid from face to back, which shall 
overlap each other at least 6 Inches. The headers shall have a lencih of at three times 
the height. 

6. Stone shall break Joint by at least half the height of the course. 

7. Quoins shall be of the same height as the course In which they occur, shall be 
formed of stone at least I¼ feet long and shall be laid stretcher and header alternately. 
They shall be laid square on their beds which shall be fairly dressed to a depth of at 
least 4 Inches. 

8. The work on the Interior face shall be predsely the same as on the exterior face, 
except that side Joints need not be !ertlcal. 

' 

9. The Interior of the wall, called hearting, shall consist of Rat-bedded stones 
carefully laid on their proper beds and solidly bedded In mortar. Chips and spawls of 

Stone Ma,onry 371 

Measurements 

Labour Rate 

Composite Rate 

Hei1ht of Course 

Dressin& 

Thickness of Joints 

Size of Stone 

Through Stone 
and Headers 

Breakin1 of Joints 

Quoin• 

Interior Face 

Heartln& 



Other Respects 

Scope 

Other Respects 

General 

Joints 

Throu1h Stone or 
Headers 

stone are wedged In, wherever necess:ary, so as to avoid thick beds or joints of 
monar. No dry work or hollow spaces shall be left anywhere In the masonry. The 
face work and hearting shall be brought up evenly, but the hearting shall not be 
levelled up at each course by the use or chips. 

I 0. In all other respects It shall conform to Specifications No. 22.1 for Stone 
Masonry (General). 

NO, 22,9 COURSE RUBBLE MASONRY (2ND CLASS) 
Specifications 

I. Course rubble masonry (2nd class) shall conform to Specifications No. 22.B 
for Course Rubble Masonry ( I st class) with the following exceptions. 

(a) All stones in a course need not be of the same height, but short lengths or course 
shall be m.ide up by two courses, equal In height to the through course. No course 
shall be of a height greater than the course below It. The thickness of the Joint shall 
not exceed half an inch. 

(b) In each course, headers, h.immer dressed .ind of the full height of the course, 
shall be placed 5 feet apart. Each hc.ider shall have a breadth not less than the height 
and shall tail Into the work at least three times its height. Between the headers each 
course shall be built of smaller stone~ not less than 2 inchcs thick of which there may be 
two or three in the height of the course. These stones need not be dressed but shall 
be as flat-bedded as possible. Side joints need not be vertical, but no side joint shall 
form an :ingle with a bed joint sharper than 60=. No stone shall be less In breadth 
or length than Its height, .ind care shall be t:1ken to make the stone In different courses 
break joint. All stones shall be set foll In mortar. The thickness or joint shall not 
exceed 5/8 inch. 

20. In all other respects the work shall comply with the Specifications No. 22.1 
for Stone Masonry (General). 

NO, 22.10 RANDOM RUBBLE MASONRY 
Specifications 

I. Stone shall be hammer dressed on the face and on the sides and beds to such 
an extent that weak corners are chipped off and the stones come into dose 
proximity, when laid. Each stone shall be laid on Its quarry bed and shall be 
wedged or pinned strongly into position In the wall by spawls or chips which may 

show on the face. 

2 . No stone shall tail into the wall less than I½ times its height. The stone shall 
be arranged to break joints as much :is possible. Care shall be taken to avoid long 

contlnuou~ vertical joints. 

3. One header stone shall be in:;erted at least every 5 square feet or the surface 
(face) and shall run right through the wall If it Is not more than 2 feet thick. If the 
wall Is more than 2 feet thick, a line of headers shall be laid from face to back which 
shall overlap each other at least 6 Inches. 
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-4. Hearting or lnteaior filling between the front and back face shall consist of 
rubble stone, not less than 6 inches in any direction, carefully laid, hammered down 
with a wooden mallet into place :ind solidly bedded in mortar. Chips and spawls of 
stone t.:hall be us:?d, wherever necess:iry, so as to avoid thick beds or Joints of mortar. 
No dry work. or hollow spaces shall be left anywhere in the body of the masonry. 
Hearting shall be laid nearly level with e:ich course except th:it at about 3 feet interval 
vertical "plumbs" projecting 6 to 9 inches shall be firmly embodied to form a bend 
between successive courses. He:irting sh:ill not be brought to the same level as the 
front and back stones by the u .. e of chips. The use of chips shall be restricted to only 
wedges In the hearting. 

5. In all other respects, the work sh:ill comply with the Specification~ No. 22.1 
for Stone Ma~onry (General). 

NO. 22, 11 DRY RUBBLE MASONIY 
Specifications 

I. Dry rubble masonry shall be constructed with the largest practicable size of 
the stone available-the larger stone being used In the lower courses. 

2. Stone shall be roughly dressed to secure the maximum bedding surface without 
unduly reduc:lng the size of the stone. Each course shall be built through the entire 
thickness of the wall. 

3. Bond stone shall be provided in each course at an interval of 5 feet. It shall 
be of the height or the course in which it is to be used, at least as broad and of the 
greatest length procurable. No bond stone shall be less than 2 feet long. When the 
length Is less than the thickness or che wall l or more stones shall be used overlapping 
each other by at least 6 inches to provide through bond from front to back. All bond 
stones shall be separately stacked before use and marked so that they can be identified 
after having been built In the wall. 

4. Wherever required, filling behind dry stone walls shall be done immediately 
with stone refuse or chips. Earth shall not be used where stone refuse is available. 

5. In respect or the measurements and rate it shall conform to Specifications 
No. 22.1 for Stone Masonry (General). 

NO. 22,12 STONE MASONRY IN ARCHES 

Specifications 

I. Unless otherwise specified, all scone masonry in arches shall be finished in a 
workmanlike m:inner, true to dimensions and grades shown on the drawings or ac
cording to the following specifications. 

2. Stone to be cut and dressed shall follow the Specifications No. 22.2. 

3. Centring shall be strong enouglrto bear the weight of an arcn without any 
deflection. The surface or centring shall be correctly struck to the curvature of the 
soffit of the arch. 
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fillin1 

Measurements and 
Rate 

General 
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Wed.es and Sand 
Boxes 

Buildinc of Arches 

Through Stone 

Size of Stone 

'1. Centres of arches of over S feet sp:i.n shall be c1·ccted on wedges. Centres of 

over 10 feet span shall be on double wedges :ind of those over 20 fo~t span on san~ boxes 

so as to allow the gradual lowering of centre (1 .c. ~triking). 

5. The building of arches sh:ill not begin until the abutments have been built to 

their full width and up to the level of skew b:icks. Arch work shall be done evenly 

from both abutments, and as soon :is the arch is complete, masonry sh:i.11 be built evenly 

on both sides to the heights of the crown so :is to lo:i.d th'! h:iunches. 

Stone masonry in arches shall conform to Spccific;itions No. 22.1 for Stone Masonr;· 

work, except with the following modifications·--
(ii In all 1rchc,, ch~ voussoir joint~ shall be cruiy rad1JI. Stone s.,all be laid 

in full beds of mortar and shall be well rubb~d and pressed into thi;:ir beds 

so :is to squeeze out surplus mort.ir and leavi;: th~ joints as thin as possibl.i. 

(ii) Joints in arches shall not exceed I, 4 inch in thitknca at any point. R:id1:,.i 

joints in gauged arches shall not exceed I 8 inch thi ckncss. 

(iii) Skew backs sh:i.11 be formed o' stone ccrrccdy ~haped to radiate from the 

centre or curvature .ind shall not be p:icked with mort:i.r or chips. Before 

the building of :in :irch is started abucmene shall be cx:?ctly :ic the sam1. 

level and skew backs in place. 

(i~) For g:iuged :irch work, the :i.rch ~h:i.11 be '3id out full size on the ground 

on lime pl:mer and all joints c:ircfully marked out. Templates shall then 

be made :is a guide for the special ~h;ipcs of stone!. Stones shall be care· 

fully cut :ind then rubbed to the required sh:ipc. Ail the stones for any 

arch shall be prepared i:, full .ind sec ur, dry on the ground before com· 

mencing work. 

(v) Segmental :irchcs u,ed over rectJngu!:i.r door or window ~penings shall 

have a flat rectangular soffit and segmental cxtrados. 

(vi) Flat arches sh:,11 be built in the same manner :is gauged arches but with all 

the voussoir joints converging on the apex of an equilateral triangle des• 

crlbed on the soffit of the arch. Cros:; joints :ind extrados shall be 

parallel to the soffit. The arch sh:ill be built with :1 c:tmber of I 18 per 

foot of span. 

(vii) Arches shall be built in concentric rings :ind each ring shilll be completed 

before work on the ring abo\'e is started. In all cases, care shall be taken 

th:it the centre line of the stone face is rildiaily pl:iccd. The arch rings 

shall, in all cases, be bonded together by special bond ~tones. 

6. In the c:ise of :i.rches in walls the two springer; and the ke1 stone and every 

third stone In between shall be through scones. Unless otherwise ~pccified, all stones 

shall be through stones in the c:isc of :l,hl:ir walls !;~,ling a thicknes~ or'}~ feet or 
less. 

7. Unless otherwise specified, the height of each stone shall be equal to the thick

ness of the arch up to I 5 Inches. Above this, two stones may be used, but no stone 

shall be Jess than 6 Inches in height. The intrados o( all scone shall be rectangular, no 

side being less than 4 inches (rhembold in skew arches). 
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ftp ~-a -- ··-ft- : hall he over a crrcumferentTat 

9. In rcs 1,cct of me:irnrcmenu :ind r :te it ~nal1 con from to Specification; No. 

22.1 for Stone Masonrr \ General). 

NO. 22.13 "DHAJJI" WALLS 

Specifications 

I. Ti mber fo r r ;ic framing shall comply wlth the general Sf CCtfica.: ion5 fer timber 
and wood work. If kJjJ or similar wcod :ire used in the framework, all expo~ed timbers 
subject to wear, such ::! the ~ills cf doors and windows shall be made from deodar 
or oak, unless SF ccificd othcrwi;e. 

2. The fr:.mc shJII 0.:m :illy consht of a sill a l the bottom :md a brc srnmcr on top 
each 5 lr.ches by 5 inches in s1:ccion, and of the longest lengths procurable. Vertical 
posts ~hall be teno.1ncd iMo the~c ;ic all corners ;ind junctions of wal ls, and elsewhere 

about 4 ft.ct apan , bu~ :o ~paced ::; to form the door :ind window openings. All 
pom sh ::ill b~ sing I.:? p:c:::c~. :ind !i inches by S inches in ~cction. 

3. Into thLSc posts sl1Jll be no tched horizontal pieces, 5 inches by '3 inches In sec· 
tion, one li ne being l ~ the lc·,el r::?quircd to form the lintel o f doors and windows, and 
the rest so spaced :i.long the height of the wall that no pane-I shall be more than -I~ feet 

high. 

4. The p:incls shlil be strutted di:igonalty by bo:ird of 5 inch.:s by 11 inches fitting 
tightly into the corn crt h:il· ed into one another at the point of intersection. The 
di:1gon:1l bracing shall be omitted if brick nagging ls pro'l idcd in the panels. In that 
case first class burnt bricks ~hall be u:;cd . 

5. The ir:!m111z of doer J :1d window opcnlng~ sha.11 be so built that chowk:its can 
be fixed to the timber forming the framework. When doors and windows are hung 
on chowkats, they sh:ill be m!!:isurcd 011er the chowk:it in the: custom:iry manner. 

6. Whe1 e requi r~d. the framing ~hall be so constructed that no scil:irate chowkats 
are needed, but the leave; hung on the frame timbers ~hall be made with necessary 
rebates to t:ike the lc:i•,cs. Doors and windows shal I be paid in th:it case on the net 
area of the opening; the de?th of the frame or chowbt shall be excluded from the 

me:isurcment. 

7. The framing of dhajji . ...,.alls shall be erect,1d on a plinth of brick or stone not less 
than 12 inch~s high from the ground. The sill shall be laid on an adequate damp proof 
course, ;ind :it such a level th:it its top is not more than two inches above the floor. 

8. Before finally fitting the framing together all the timber~, including the shaped 
ends, scarfs and mortices, shall be given two coats of an approved and specified wood 
preservative like hot sollgnum, creosoce. 

9. Having erected the fr;im ing, the vertical and horizontal members shall be 
firmly fastened together on both sides of all juncticns with 3/8 inch diameter spikes, 

and the diagonal braces secured with 4 Inches wire nails. 
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Preservatives 

Iron Fastenings 



FHUns 10. The framework shall then be filled with the specified clacs of brickwork or 
stone masonry. Brickwork or masonry shall comply with the relevant specifications 
for each type of work. 

Flllln, to be Tipt 11, AU Joints In the filling shall be as fine as practicable wtth the stones or bricks 
breaking joint in every course and firmly wedged against the framing to hold the panel 
against any latenl thrust. In the case of sone filllng all stones shall be through stones 
with flat beds. and laid to fit close against the diagonal bracing. 

,_. walls to be 12. Inner walls shall be plastered over the filling as well as the framework, which 
,._..,... shall be covered with ½ Inch mesh wire .... ettlng kept l Inch away from the wood 

work or have nails driven Into It to form a key for the plaster. The rate for dha)II 
walllns shall indude a suitable treating of the framework for plastering. 

Finish of Outer 13. Outer walls shall be finished with (a) plaster over the entire wall, or (b) 
Walla plaster over the brick or masoory filling, (only the plaster being stopped against the 

frame) or (c) pointing. In the case of (a), the lnstruetlons In 12 above shall apply. 
lhhe filling only Is to be plastred or Ifft Is to be pointed the filling shall be so laid In the 
frame that the framework will project 1/8 Inch beyond the finished plastered or 
pointed surface. 

Meuuremenb 14. Ohajjl walling shall be measured by superficial area. The unit of measurement 
shall be one s:;uare foot. 

1111&11 IS. The unit rate for dhal)I walling shall Include the provision and erection ofthe 

1)pa of Stone 

....... 
SuMiradfn1 

Thldmes• 

...,. .. 
bider Pltchln1 

timber framing and filling with brickwork or masonry In accordance with the above 
specifications, This rate shall not Include the pla~terlng and/or pointing of the face of 
the wall. 

NO. 22,14 STONE REVETMENT DR PITCHING 
Specifications 

I. Stane for pitching shall conform to Specifications No. 7. I for pitching stone. 

2. The surface to be pitched shall be trimmed to the specified slope and well 
consolidated before the sub-grade ls laid on It. 

3. The backing or sub-grading shall consist of a well compacted layer of bajrl, 
sravel. stone spawl or moorum In layers of ,t to 6 Inches (whatever specified). This 
backing shall be carried up simultaneously with the face work unless otherwise specified. 

4. The thickness of pitching shall be as actually specified; the stone of size 
slightly larger than specified thickness need not be dressed off to get a uniform surface. 
(The rougher the pitching surface the better it Is for wa.,e.wash.) 

S, The stone shall be fald closely In position and firmly bedded; the length shall 
be perpendicular to the face of pitching. 

6. When pitching with boulder stone ls specified the minimum size of the boulders 
shall depend upon the thickness of pitching spedfied (generally 10-15 Inches). All 
boulders less than the minimum slze shall be re!ected. 
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7. Minimum size of boulder used In this type or pitching shall range between I! 

feet and 2 feet, µnless otherwise specified, 

8. Boulders shall be laid so as to fit Into one another as closely as possible and on 
no accoUl}t shall be so laid as to have all the wide ends down and the taper ends up. 

9. All pitching of this kind shall be bedded upon large shingle free from sand and 
to be thoroughly grouted with specified grouting mixture. 

10. The pitching or stone or boulders shall be measured by volume. The unit 
of measurement shall be 100 cubic feet. 

11. The unit rate shall Include the laying ofsub-grade and the pitching ohtone or 
boulders, as per above specifications. 

-
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CHAPTER 23 

Type of Roofs 

ROOFING 

Introduction 

The covering or the upper part of a building constructed to preserve It from ex

posure to weather Is known as roof. Roofs :ire d~lgned to suit the needs or different 

climates keeping in view the available materials. For instance, In plains where rainfall 
Is meagre and heat Intense, a thick, nae roof Is more suitable to ensure greater protec

tion from the sun. In coastal areas, however, where temperature is more or less even 

almost all the year round, but rainfall heavy, a pitched or sloping roof is desirable. 

FLAT ROOFS-This type of roofs is extensively used on all kinds of buildings. 

They are sloped from ,t· to I" In 20 feet to ensure proper drainage of rain water etc. 

Some designers make roofs without any slope whatever considering that watertight 

roofs can be secured without any slope. This slmplHies the construction work. 

PITCHED. PE.NT OR SLOPll'\G ROOFS-These roofs arc or various types as given 

below: 

• Shed Roof-It slope~ in one direction as shown in Figure I .(a). This type is used 

generally on a temporary structure where appearance Is not Important and where It 

cannot be seen In connection with other types as shown in Figure I (b) to form 

a 'Lean to'. 

• Gable Roof-It slopes In two directions as shown In Figure I (c). This type or roof 

is widely in use In big halls of cinemas, auditoriums, etc. The most common slopes are 

between I :2 to I :I. 

• Hip Roof-It slopes In four directions as shown In Figure I (d). This type Is widely 

In use. Its slope varies similarly as ln case or gable roof. 

• Gambrel Roof-It slopes In two directions but there Is a break In the slope on each 

side as shown In Fjgure I (e). This roof Is used for houses on account of efficient use 

which can be made or the space under the roof. 

• Mansard Roof-It slopes In four directions. but there Is a break In the slope as 

shown In Figure I (f). 

• Deck Roof-It slopes In four directions, but has a deck at the top as shown In 

Figure I (g). 

• Sawtooth Roof-As shown In figure I (h) and I (1), It Is used quite extensively In 
Industrial buildings on account of the advantage of sufficient light and good 

ventilation that It offers. The steep vertical faces as shown In figures are mostly 

glazed and are kept towards the north. 
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These 'day 1, flat roefl are generally In use especially for residential buildings. 

Some of the merits and demerits of this type of roof are :-

-nER1 tS-
I. ~ bulldl'!g with a flat roof can be made fire-proof more easily. 

2. The rooms with flat roofs are cooler than with sloplng roofs. Flat roofs, 

if provided with sufficient thickness of mud and mud plaster, will have a 

fairly good heat resistance effects. 

3. A flat roof can be very easily constructed. 

4. A sloping roof to cover an excessive area of buildings. consistent with 

economy. to provide for light :ind ventilation and architectural appearance, 

Is not an easy matter. Besides, a complicated designed sloping roof with 

members :ind valley, gutter, etc. Is more likely to leak In rainy season and 

Is expensive to keep in good condition. 

DEMERITS-

!. On account of extreme variations in temperature in Paklsun hair cracks 

may occur on the surface which result in leakage. 

2. A leak in a flat roof Is very difficult to trace and set right, whereas In a 

sloping roof without ceiling it can be detected with lesser difficulty. 

3. A flat roof exposes the entire building to the rain, sun, etc, whereas the 

projected eaves of a sloping roof tend to protect It. 

4. A leaky flat roor may prove a source of danger to a building with walls In 

mud mortar; even In pacca buildings with walls In cement mortar the timber 

rots and steel rusts. Besides It makes the house damp which Is dangerous 

to health. 

However, all the above disadvantages except No. 3 are based on the assumption 

of unsound or faulty design or construction. With modern materials and progress In 

science, it is not difficult to make a perfectly watertight flat roofs. 

The following is a desciptlon of various types of flat roofs. 

Flat Roofs 

•FIRST CLASS TILE ROOFING-It Is made up of different material viz, clay tiles, Types of Flat Roofs 
R.C.C. or wooden battens and mud. The following operation Is Involved In its 

construction. 

(I) Laying of first layer of tiles on batten in I :6 cement sand mortar or I :l lime 

surkhl mortar. 

(l) Laying of second layer of tlle1 In I :6 cement sand mortar or I :2 lime surkhl 

mortar over a bed of half an Inch thickness I :6 cement sand mortar. 

(3) Half an Inch thick I :6 cement sand plaster over s1:cond layer of tiles. 

(4) Application of a coat of hot"bltumen which Is blinded with sand. 

(5) Four-Inch earth filling finished with one.Jnch mud plaster with gobrl 

leaping. 
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The size oft he tlles Is 12' x ,. x I¼". The second layer of tlles Is I al d by breakln& 

Joints In both directions with the first layer of tiles laid underneath. Bitumen coatln& 
at the rate of 34 lbs per 100 square feet of surrace area or 1(16 of an Inch thick Is 
given for making the roofs waterproof. In order to safeguard against attaching 
bitumen, sand Is generally sprinkled over the bituminous coating at the rate of one 
cubic foot per 100 square feet of surface area. Battens are placed at fl Inches apart 

centre to centre. 

•SECOND CLASS TILE nOOFING-lt Is exactly the same as first class tile roofing 
except that only one layer of tiles of size 12" x ~ x r Is laid Instead of two. 

•3. JACK ARCH ROOFING. These are actually segmental arches commonly used 
for the construction of roof,. It Is built of ltS. beams and brick arches. R.S. bums 
are usually placed at 4' to 6 · apart centre to centre. The arch spanning the beams Is 
generally 4½ Inches thick. The thickness of an arch Is determined by the following 
formula:-

1. For single segmental 
arch T Is equal to the 

thickness of arch.=v'·il x radius In feet. 

2. For segmental arch 
In series T =,' .17 radius In feet. 

For arch spanning 4 to 6 feet the thickness Is equal to '4½ Inches and for larger 
spans from 8 to 10 feet, the thickness Is generally kept to~ Inches. 

The rise of an arch Is about I/& to 1/8 of smaller span and 1/'f of sp;m In case of 
arches with bigger span. I.e. 12 feet to 20 feet. These arches are constructed In brick. 
with lime or cement mortar. The bricks are specially moulded for spring course and 
for voussolrs, In order to cater for the end reaction of the arches tie rods are pro
vided at the ends of span. These tie rods are generally placed at 4 to 5 feet apart and 
are ¼• ta s1d· diameter for spans up to 6 feet: t• diameter for spans up to 7 feet and one 

Inch to I¼ inches diameter for span more than 7 feet. In series of arches having more 
than to spans Intermediate tie rods are provided In every fifth span. It Is, however. 
observed that the spacing of tie rods does not exceed 20 times the width of the flanges 
of the R.S. beams. Tie rods are put In the enct place and their ends are tightened up 
correctly with the R.S. beams on the one end and an angle Iron placed on the wall on 
the other end. 

These arches are constructed In the following two manners. 

(1) Arches sprung from the bottom flanges of beams. 
(11) Arches sprung from the top fbnges of beams. 

Haunches of the arch are covered with cement concrete or lime concrete and are 
usually finished to a level so as to give a maximum thickness I½ Inches over the crown 
or the beams whichever Is higher. R.C. beams, tie rods and wall plates before beln1 
erected are given two coats of red lead paints or other suitable paints. 
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Concrete or haunches Is covered with earth filling etc. as In case of first class 

hrroofing:---Fornuklftf1t Waterproof similar treatment Is given as In case of frrst 

class tile roofing. 

• R.C.C. ROOFING. This roofing now-a-days Is In extensive use In modern 

bulldtng construction. It Is replacing J:ack Arch Roofing or other types of flat roofs. 

and requires a covering or a heat resistant material because concrete Itself has lesser 

resistance to heat than earth. It Is. therefore, generally provided with 3 Inches to 

4 Inches of earth and mud plaster as coverln& to safeguard against heat radiation. 

For making R.C.C. roofs waterproof. a treatment as explained under sub-head 

wa:erprooflng flat roofs Is generally given. 

Waterproofing Flat Roofs. Flat roofs have a number of advantages over pent or 
sloping roofs, although an Important question Is how to make flat roofs waterproofso 

that there Is no leakage of water from the cell Ing and the Joints of walls and slab or of 

the roofs. 

There are a number of methods to waterproof them, but the most common In 

Pakistan Is stated below:-

The surface to be rendered waterproof Is thoroughly cleaned and made absolutely 
dry. After that bitumen heated to between 375° F and 400° Fis poured on the surface 
and treated and pulled out so that the average thickness remains 1/16 of an Inch. This 

can be obtained by evenly spreading 34 lbs of bitumen over 100 square feet of the sur

face area to be covered. The coat of ltltumen Is ccntlnued along parapet to drip course. 

The bitumen coating, when It cools dowr and Is no longer tacky, ls covered with 3 to 
4 Inches of earth and finished with one-Inch mud plaster and gobrl leeplng. 

The grade of bitumen used should be of :a high melting point say of 20 to 30 pene
tration. In heavy rainfall regions two co;,t~ maj' be given. The coats should be blind

ed with sand before mud plaster is l:ild i.i order to ensure that mt:d Is not attached 
to bitumen and both the materfals remain segregated. Sand Is generally applied at 
the rate of one cubic foot per I :>0 square feet of the surface area. 

In case of first class or second class tile roofing or fack .:rch roofing, bitumen 

coating Is given when cement plaster laid over tiles or concrete Is sufficiently cured 

and dry. In c:ase or R.C.C. roof. bitumen Is applied when the slab ls cured and 

Is thoroughly dry. 

Now-a-days some engineers recommend that Instead of applying bitumen, sheet 
of polythene of gauge 04/05 may be sandwiched between mud layers. In this case 

care should be taken to avoid rupture or polythene and to overlap the sheets In the 
direction of slope. The sheet must be Inserted underneath the parapet to avoid pene-
tration of rain water through them. Polythene Is an organic plastic compound and 
has a life-long durability. lt Is neither attacked by alkali nor acid. 

Some authorities also recommend that bitumen felt should be used as a roof cover
Ing for waterprooflr~ purpose. Roofing felt selected should be built up to form con

tinuous flexible weather proof covering and may be applied to any shape of roof or 
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structure. The following table gives types and minimum weights of roof felt suitable 
for this purpose : 

Type of felt Minimum wei1ht per 12 yards 

Sanded-bitumen felt 

Self-finished bitumen felt 

Coated and sanded bitumen felt 

Saturated bitumen asbestos felt 

Self-finished bitumen asbenos felt 

Bitumen glass fibre felt 

rolls 36· wide 

'45 lbs 
30 lbs 

'45 lbs 

25 lbs 

30 lbs 

30 lbs 

Pitched, Sloping Or Pent Roof 

Glossary of Terms 

The sloplrig Intersection of a roof surface with a part of the structure which rises 

above It, 

A member, usually ohlmber, fixed along the edges ofa gable and coverlr1g the ends 

of the horizontal roof members. 

Horlzonta1 timber members of small section on which tiles or sfates may be laid. 
They are sometimes termed tile or slate battens, or tile or slate laths. 

The laying of tiles or slates In mortar. 

Timber members of small section fixed at rJght angle or obliquely to the direction 

of the battens between them and the surface below. 

A vertical window formed In a sloping roof. 

The lower edge of an Inclined roof. 

A strip of flexible Impervious material, usually metal, used to exclude water from 
the Junction between a roof covering and another part of the structure. 

A flashing whose lower edge Is dressed over the roof covering. 

A flashing, used In conjunction with other components such as soakers, the 
vertical parts of which It overlaps. 

A flashing at an abutment, Its upper edge being secured Into the horizontal Joints 

of brickwork or masonry and stopped up the slopes from course to course. 

The part of a wall above the ieneral eaves level at the end of a ridged or partlally 

hipped roof. 

The distance from the line of fixings of a course of slates or tiles to the fixings of 

the course below. 
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. -Any form of roof water channel. 

.Thuloping.inter.sectlon-of-twe>-tnc:llned-f'oof~urfaces-whtch-meet-at-a-nlteM"angte. 

A me~I strap bent to form a stop for the hip covering and screwed to the lower 

end of a hip rafter. 

(a) GENERAL-The distance that one course of slates or tiles covers the course 

next but one below It. 

(b) SLATE HEAO-NAILEO WITH A SINGLE NAil- The distance that one course of 

slate covers the course next but one below It, less the distance of the nail hole from 

the slate head. 

(c) SINGLE LAP TILING - The distance that one course of tlles covers the course 

next below It. 

A roof with two pitches on each side of the ridge, the steeper commencing at the 
eaves and Intersecting with a flatter pitch finishing at the ridge. The term Is some

times used for a roof with steeply pitched slopes surmounted by a flat. 

The distance from the lower edge of a slate or tile to the lower edge of the course 
Immediately above. 

The angle or lncllnatlon with the horizontal of the rafters or the surface on which 
slates or tiles are laid. 

The Intersection of two inclined surfaces at the apex of a roof. 

The upper surface of a slate as normally laid. 

Slates fitted to form a fillet as an alternative to flashings. 

The upper edge of a slate when laid. 

The lower edge of a slate when lald. 

Flexible members, usually of metal, lapped with slates or tiles and bent to form 

a watertight joint, as for example at abutments where It Is used In conJunctlon with 
cover flashings, or at mitred hips. valleys and angles. 

Tiles cut and fitted to form a fillet as an alternatlve to flashings. 

A fillet, usually of wood, used at eaves or at open valley gutters to support the 
slates In the correct position relative to the roof surface. 

The upper edge of a roof surface finish Ing at a ridge or against a part of the struc
ture which rises above the roof surface, 

The mortar pointing to the heads and/or the side joints on the underside of che 
tiles or slates. "' 

A course or courses of tiles or slates laid under the bedding of slating or tiling at 

a verge. 
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v.u., 
va11.,, Laced 

Valle,, Mitnd 

Valley. Swept 

v-.(Skew Sco
ttllli) 

Tl'IIN or Frame
work 

The sloping Intersection of two Inclined roof surfaces at a re-entrant angle. 

A valley In which the courses are not horizontal, each course being swept up to a 
tlle and a half. or slate and a half. lald aslant on a wide board In the valley. 

A valley at which the tiles or slates of each course are mitred. 

A valley In which tiles or slates, made or cut to a taper, sweep round In horizontal 

courses. 

The edge oh roof surface at a gable, or ~e edge of -,ertlcal tlllng or slating at 
window reveals and ends of walls. 

Description 

A pitched or pent roof Is compo'..ed of a framework and roo( covering. Frame
works generally known as trusses are placed at suitable distances spanning the two 

supports. The top chord or a roof truss, known :is main rarters or principal rafters, 

supports purllni which are laid at right znglc to the plane of the tru~s. Purlins support 

common rafters which are laid at right angle to them. Sheathlr.g is lald en common 

rafter, and on sheathing Is fixed a suitable roof covering. In some cases I.e. In the case 

of corrugated sheets, common rafters and sheathing arc not provided, and roof cover· 

Ing Is directly laid on the purllns. Purllns may, thcr~rorc, be lald close together and 

common rafters omitted; or heavy planking m:iy be used to span the main rafters, and 

both purlins and common rafters omitted. 

A framework or a truss Is an assemblage of bars, or members forming a structure 

to carry transverse load, and under vertical load as vertic31 reaction. The bars or 

members are so Jointed together at their ends that they bGar only dlrect tension or 

compression when the external load is applied at the Joints. 

Trusses are dasigned to support the roof and snow-loads and to withstand wind 

pressure and occasionally to support a false ceiling or lower floors which are hung from 

the truss by means of hanger rods. The general bay length I.e. distance from centre 

to centre of the two adjacent tru:.ses, varies from IO to 16 f ects. In general, bay 

length Is 10 feet In a span truss of up to 50 feat and beyond tha: 1/5 of the span. Pur

llns are placed at or near panels points which are the joints of top chords, so as not to 

cause flexure In the top chord members. Purlins are placed wi~h their sides either 

vertical or at right angle to the main rafters. 

Trusses are used to support roofs spanning openings up to 20 feet to 200 feet. 

For span exceeding 200 feet arches are generally used. These trusses are made of 
wood, steel or partly wood and partly steel. Wood Is not used for trusses where the 

span exceeds 60 feet; Instead they are made or steel. In f~ct, with the advanced pro· 

cess of manufacturing steel and Its consequent cheapness and reliability steel trusses 

are now being preferred to the wooden trusses. They are more economical for span 
exceeding 40 feet. 

38.f 

• 

,.. 

1' 

> 

i 

t 

d 
6 

I! 

0 

r, 
a 

s 

(i 
a 
s 

T 
t 

3 

a 

e 
SI 

0 

C• 

t i 

0 

I< 
s• • 
tc 

p 
Cc 

re 

It 

4 



1' 

ll 

If 

C• 

,o 

·s, 

n 
:,n 

,se 

~r-

nd 

nd 

Jrc 

or 

or 

..... 

ind 

om 

1tre 

b:iy 
>ur-

t to 

:her 

'cet. 

C Of 

:the 

pro· 

JSSCS 

sp:in 

..( 

The pitch of a roof-ts the ratio cf the rise to the spanned length. The minimum 

pitch for ead1 cf the most common roofing materials is as follows:-

1/4 for slates and tiles. 

1/5 for corrugated :hects. 

The following are the mos: .:ommoa ro.:>f covering materials used in the construe· 

tion of a sloping roof: 

• Thatch 

• Allah:iba:I ti le. 

• M;anglore tile. 

• G:ilvanized corrugated m.,e:1 sheet. 

o Corrug~tcd :isbestos cemant shc.::t. 

• 51:ites. 

Pitch 

Roof Covering 

I: is ::::impose:! of b:imboo framing wluch conm::s of v.::rncal bamboos I! inches in Thatched Roof 
.!iameter and 1 fo:it apart to which ~?lit bambco; J.re sccL:rcl; famm~d at right a;,glcs 

1;,• :ip:irt. Thatch is from u to 12 inchci ti1ick ;rid laid in 3-inch by~r;. The first layer 

is gen.:irally a:::iched to the b:imboo ir;i.mmg !lcforc lt is placed on the roof. The pitch 

of the roof is usually about 35 degrc~s. Tha~::h ;;iv:i: a wa';crtight covcring when skil-

fully a?plied. It has, how:?v~r, scverll :::nou~ ce:m!?rics, ch~ most important of which 

.ire it: combumb!lit1• ::nd its tc1~dC1l.:)' ~c b~c.:iml! infostcd w;th Vf..rmrr.s. The life of 

str::iw thatch is not more than ft;t~.::n yc::.r~. 

It is compoicd of special mould,d brick tiles (cailed All.ihJbaci tiles) laid in layers Allahabad Tile Roof 

(either single or dou blc) over battens placed 12 i nchcs :.plrt, ccncre to centre running 

a!ong the length oi roof and pbced above common rafters of the roof trusses plact:d at 

suitable distancc apart on the wall~ of a room. The lowt!r Oat tiles arc laid on battens. 

Th~ lowest eave battens arc kept dc~per than the battens above so that the line of the 

tile from rrdgc to the eaves is continuous. Batten:; :..re placed at 12 inches intervals 

lnd their siz;: is I inch x I¼- inchc~. The three lowest tiles in each course of each layer 

as well a~ ridge .!.:td hip tile; are set in mortar. Unless spcc,al eave tiles with closed 

ends are u~ed, the ends of the e:ich row of tcmi-hexagonal and semi-circular tiles are 

stopped with morur. In the ca.e oi double tiling, the spaces between the two rows 

of flat ciles :ire aho filled. Tiles in conc:-.c~ with morta1· are :o:!ked In water mixed with 

cowdung for :it lea:t 6 hours befor.! l:iylng. A dry tile ~hcu Id not absorb water more 

than !,'6th of its weight when Immersed in water for one hour. The general values 

oi pitch In case of Allahabld tile roofing varies from I :3 to l :2. The barge boards arc 

kept about 2 Inches to H inches higher than the caves board for th~ single layer tiling 
system :ind about 5 Inches to 6 Inches higher for the double (;iyer of tiling system so as 

to co·,er the end row of tiling. 

It Is made up oi special moulded tiles (Manglorc tiles) t:1.id over wcoden b:itten~ 

placed at 12-! Inches apart, centre to c;,entrc running :ilong the length of roof and en 
common rafter of roof trusses placed :ir. suitable din:ince over the wa!ls of room. The 

roof gener:illy pitches :it :i slope I :3 to I :2. The si.:e of a Manglore tile Is about 16 
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Galvanized Cor· 
rupted Steel 
Sheet Roof 

Inches x 9½ Inches. Th.! effective size aftet' allowing for laps etc., however, Is 12½ 
inches x 8¼ Inches. Usually I SO tiles are required for each I 00 square feet of roofilng. 
The weight of 1000 tiles Is about 2½ tons. Each flat tile usually weighs about 5) lbs 
when dry, and each special ridge tile (about 16 inches long) weighs 7½ lbs when dry. 

The tiles are laid by breaking Joint, i.e. the le:ft channel of the upper tile lies In the 
rights of that below, and fits properly one to another, the "catches" resting fully 
against battens, with u::ual sizes as I¼ inches x I inch or 2 Inches and run parallel 
to the eaves. The lowest battens nearest to the eaves are fixed about 10 Inches from 
the one Immediately above, and have got double the ordinary thickness. Special tiles 
are used for ridges, hips and valleys, and .111 thc."$e tiles at gable ends :ire set In cement 
mortar. TIies to be set In cement are Immersed In water for four hours before 
they are lald. They must not absorb water more than one·sixth of their weight when 
Immersed In water for one hour. In exposed situations and at all gable ends, eaves 
and places where the tiles are not readily accessible, they are secured to the battens 
by No. 18 gauge galvanized soft Iron wire passing through the holes provided for the 
purpose In the underside of the tiles. A tile should have .i breaking strength of not 
less than 2 cwu if a load Is applied at centre of span when !upported on battens at 12½ 

Inches apart centre to centre. 

This type Is used primarily for roofs offactories, industrial plants, sheds, huts, etc. 
The material often combines the functions of both roof covering and celling :?nd can be 
applied with a minimum of skill. 

The sheets are manufactured in a number of g.iuges, widths .:nd lengths. They are 

generally 26 Inches and 32 inches wide and 8 feet and 10 feet long respectively. The 
thickness In common use varies from 1.J'i inch for 24 gauge, to i1, , Inch for 16 gauge. 
The gauge of sheets depends upon the spacing of the supports, the load to be carried 
and the quality of the building. The type commonly used are bare corrugation 2-! 
Inches wide, 5/8 Inch deep, and 3 Inches wide 3/4 inch deep. 

These sheets may be nailed to wood sheathing or supported directly by wood or 
steel purllns spaced usually at 3 feet to 5 feet apart. They are lapped I¼ Inches or 2 
inches corrugations on the sides, and 6 Inches or 8 inches on the ends depending upon 
the slope of the roof. For flat slope or building exposed to heavy rains, greater end 
laps and sealing them with mastic Is required. Where steel purlins are used they may 
be provided with nailing strips to which the corrugated steel sheets are fastened as 
shown In Fig. (a) below or the sheet may be held in place by straps passing around the 
purlins and rivetted to the sheet on e.tch side of the purlin as shown In Fig. (b) below. 

Long malleable nails called clinch nail may be driven through the sheet and clinched 

around the purlins as shown In Fig. (c) below: 
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These sheets :u;e fixed through the crowns or the corrugation al5o by hook bolts, 

screws and n:ills with curved G.I. washers and bituminous washer as shown In Fig, 3 

(Detalfs of corruiated steel sheeting). For fixing bolts the holes are punched In the 

crown of corrugation which are usually made 1/16 of an Inch larger In cii:lmeter than 
of bolt~. A wp5her made up of bituminous flat are also used for waterproofing pur

poses. Since steel Is a very good conductor of heat, It may be necessary to provide 
,ome form of lining for building where wood sheathing Is not used and which are to 

be heated in which the condensation of moisture on the under side of them Is to be 
prevented. This anti-condensation lining usually consists of a layer of wire netting 

placed directly on the purlins and one or two layers of asbestos paper placed on the 

wire netting. The corrugated sheet is placed over the lining. The wire netting holds 
asbestos paper in place and protects It. 

Manufactured In various sizes they are now In extensive use as a roof covering 

material In the construction of buildings. A sheet having a depth of corrugation 

under 2 inches Is known as small section sheet and more than 2 inches as large section 

sheet. The centres of corrugation in small sections Is about 3 Inches whereas In 

large sections it is 6 inches. "Bigslx" corrugated sheets and "Terafford Sheets" are 

usually used for roofing purposes. The following table gives particulars of the two 
types:-

Description 

Standard lengths 

Overall width 

Laid width 
Cover efficiency 

Purlin spacing 
Spacing of rails for side 

cladding 
Horizontal lap (for slopes 

not less than 21½0
) 

Actual cover of IO feet 
sheet as laid 

100 sq. ft. laid area required 
of sheeting (on basis of S 
percent less by end laps) 

Weight of 100 sq. ft. as 
laid approximately 

Colours available 

"Bigsix" Corrugated 
Sheet 

5'6'7'8'9'10' 
3'-S.l" 
3'-li~ 

95.79% 

S'-6• (Max) 

6'-6· (Max) 

6. 

31.47 sq.ft. 

109.90 sq.ft. 

357 lbs 

Natural Grey 

"Terafford" Sheet 

5'6'7'8'9' 10' 
3'-7/16. 
3•-4• 

92.89% 
5'-6• (Max) 

6'-6" (Max) 

6" 

31.76 sq.ft. 

113.31 sq.ft. 

332 lbs. 

Natural Grey 

These sheets are laid in somewhat the same manner as corrugated steel sheets. 
The spacing of the purlln In the case of small section sheets Is 3 feet :ind In the ase of 
large sections It fs generally +¼ fe~ to 5½ feet. 

These sheets are laid with the smooth side upward and with a side lap of half corru
gation and end lap of 6 Inches. Holes for fixing sheets are always drilled and never 

Roo(lng 387 

Corrupted 
Asbestos 

Cement Sheet Roof 



Slate Roof 

Roof Drainage 

punched. The diameter of a hole is drilled I/ 16 of an Inch larger than that of the bolt. 

These sheeu are secured to the purlln through their crown by hook bolts with G.I. 

washer and bituminous washers. The diameter of a hook bolt varies from ¼ of an Inch 

to 5/16 of an Inch. Nuts and scr£ws are screwed lightly at first and tightened when 

a dozen sheets have been laid. The laying of sheet always starts from the eaves end. 

If the sheets are laid from left to right the first sheet Is laid uncut, and the remaining 
sheets In the bottom row, will have the top left hand cornor cut or mitred. The sheets 

In the second and other Intermediate rows wlll have both the top left hand corner and 

bottom right hand corner cut. With the exception of the fine sheet in each row which 

only have the bottom right hand corner cut and the last sheet in each row will have 

only the top left hand corner cut, the last or top row sheets will have the bottom right 

hand corner cue with the exception of the large !heet which i~ laid uncut. The mitre 

Is cut from a point 6 Inches up the vertical side of a sheet to a point 2 Inches along the 

horizontal edge. 

As these sheets are liabl(! to be damaged or cracked, roof ladder or planks are al• 

ways used when the workmen walk over them. Since they cannot take excessive 

stress care should be taken while fixing purlins that the limit of safe span Is not ex

ceeded. Additional joist are fixed where excessive loads are likely to be put on, such 

as for the repair of ventilators and chimneys. 

It Is made from the n:itural rock which Is split and sh:iped into rectangular pieces 

of the desired dimensions. Slate for roofing ls hard and tough :ind has a bright 

metallic I uster when freshly split. It rings clear when supported horizontally on 

three fingers and snapped with the thumb of the ether hand. 

Slate is available in a grc:.t variety of colours: grey. green, dark-blue, purple, red. 

It is furnished In about :iny : iz-;i from 6 to 14 inches wide, 12 to 24 inches long and 1/8 

inch to 2 inches thick. Th~ common sizes ::re 12 x 16 in::hes and 14 x 20 Inches; 3/16 

and¼ Inch thick. 

Roofs may be made of pieces of uniform siz~s and thicknesses and colours, although 

generally random sizes. thicknesses and colours arc used. 

Slate may be laid by each course lapping 3 inchc~ over the second course below 

or they may be laid at random. Care may, however, be taken to give sufficient lap. 
They are nailed to wood sheathing or nailing strips, or gypsum blocks, holes being 

punched in the slate at the factory. A layer of roofers felt is used between the slzte 

and the sheathing. The nails are of copper, or yellow-metal slater's nails, although 

redlpped galvanlzt?d nails and copper coated n:iils arc commonly used. 

Slates may be supported directly on steel sub•purllns to which they are wired. 

Slate roors are used on slopes less th:in 6 inches vertical to 12 inches horizontal. These 

roofs are fire proof, durable and attractive, and may be classed as expensive. 

Rain water may be allowed to run off and drip from the projecting eaves, but It Is 

desirable to collect the water In gutters placed along the eaves of sloping roofs. The 

water Is then carried off by the vertical pipes called dcwnspouts, conductors or 

leaders. Flat roofs or other roofs which do not have projecting eaves are drained by 
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means of downspout~ or conductors placed to points where the water Is carried by the 

slight slope provided m the roof. The size of the gutters and conduaors ts dcte -=-·----------
mined by the contributing area and by the intensltJ' of rainfall. 

S~vcral typei of gutters for sloping roofs are shov,n in Fig. 2 (a). The hanging gut· 

ter Is the simplest form. but is not :n attrac:tlvc as the crown-mould gutter or the wood 

gutter which fits into the design of the cornice. The standing gutter or V-Guuer Is 

Inconspicuous :ind easily c:onstructed, but the concealed gutter Is quite expensive. 
Gutt~rs are somelimes called caves troughs. Cornices which are enclosed so that 

chc rafters do not show are c:1lled open cornice~. 

Conductors or downspouts should be provided with strainers at their upper ends, 

as :.hown in Fig. 2 (c) so that leaves, nicks, and other dcbrl:; cannot dog them. At very 

col;! places it is desirable to run conductors down Inside the building rather than to 

pl:ice them on the outside walls as the heat of the building keeps them from freezing. 

They may be placed in chases in the outside walls, along columns, or In partitions. If 

they are placed on the outside of outside walls. they should be kept away from north 

walls, If possible. Steam outlets arc frequently provided in exposed conductors so 

that steam can be discharged into them to .1vold freezing. Clean-outs should be pro

vided so that clogged conductors and the c:onnoctlng dr:iins can be easily cleaned. Ex
posed conductor: .\re ::ommonl; m:idc of copper and galv1n:zcd :;t-:cl, and copper. cast 

Iron and steel pipe. arc u,cd ro, concealed conductor~ or where appearance Is not a 

factor . 

Where a roof surface meet~ a vertical wall, 1t is necessary to provide flashing to 

make the joint watertight. Flashing usually consists cf strips of some sheet metal such 

as copper or galvanized iron whach Is mad.: L-shaped so as to fit over the joint as shown 

In Fig. l(d), one leg ofthc "L" running up thew.ill and the other along the roor. Rain 

Nater which is drivcd against the vertical face of the wall is kept from running down 

behind the vertical leg of the flashing by counter flashing or cap flashing, also made in 

the form of an "L". Th~ "L" is inverted, the horizontal leg being built or fitted Into 

.\ mortar joint and the vertical leg fitting O'ler the flashing, as shown in Fig. 2(d). Built 

up roofing Is commonly flashed, 3i shown in Fi,. 2 (d), without the use of sheet metal. 

To 3void the sharp corner between th~ wall and the roof, cant strips or boards or con

crete cants are commonly used. Flashing blocks, as shown in the figure, a.re frequently 

used. The angl.:? between the back side of :i. chimney or other projection. and a sloping 

roof Is usually protected with a saddle or cricket which consists of two sloping surfaces 

aneeting in a horizonnl ridtc perpendicular to the chimney. The valleys on sloping 

roofs arc made watertli;ht by sheet meul strips bent to fit the two Intersecting roof 

surfaces. Roll roofing is often used for valleys on asphalt $hlngle roofs. 

The factors wluch mu~t be cons1d!!rcd 1n the selection o( a roof covering are:-

I. Slope of roof. 

2. Ourablhty. .. 
l. l11ltial cost. 

.... Maintenance cost . 

s. Resistance to fire. 
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6. Weight. 

7. Type of roof construction. 

8. Appearance. 

The relative Importance of these factors will vary with different types of buildings. 

• SLOPE OF ROOF-All rorms of tiles and slates require a medium slope I :2. Corru

gated sheets should not be used on a slope less than I :3 • Sheet metal roof may be 

used on practically any slope flat or steep. 

• DURABILITY-The life of any roofing material depends upon so many variable fo:

tors that it Is useless to give anything more than comparative figures. The followin1; 

classifications will give an idea of relative durability. 

I. Long lived: Clay Tile, slates, copper, zinc and lead. 

2. Medium lived: Asbestos cement sheet and cement tiles. 

3. Short lived: Corrugated Iron sheet. 

Various destructive agents must be considered In connection with durability. 

Tiles and slates may break If walked upon, for instance, during repairs; slate tiles may 
suffer severely In hailstorm. Corrugated iron sheet is vulnerable to corrosive gases 

and salt air. Winds have serious effect on tile roofing. 

• INITIAL COST-The Initial cost of roofing material, varies from time to time and 
with locality to locality. In determining the cost of a roof covering the indirect cost 

due to effect of weight on the cost of supporting structure mun be considered. 

The cost of preparing the supporting strl!,cture to receive the roofing has also to 

be taken Into account. 

• MAINTENANCE COST-Certain classes of roofing materials have to be maintained 

continually In the form of painting: others, only require repair when damaged by acci

dent or wind storms; whereas on buildings there Is practically no expenditure for main
tenance. The following classification gives the relative cost of malntenance:r--

A. Frequent painting or repairs:-Corrugated steel, tile, etc. 

B. Occasional repalrs:-Clay tile, Slate, cement asbestos sheets. etc. 

• RESISTANCE TO FIRE-The actual resistance of the roof covering to fire Is of more 

Importance when the supporting structure Is made of timber than when it Is of fire 

proof construction, Cement asbestos roof covering will withstand quite severe fire 

exposure while tile roofing and slates are less resistant. 

• WE.IGHT-1( a roofing material Is to be replaced by another, the weight may often 

become determlnln1 factor In the choice of materials on account or the strength of 

the roof construction already In place. The weight of a given roofing material 

depend!. upon its design, Its thickness and other factors. The following are weights 

In pounds per 100 square feet which give an Idea of relative values:-

a. Clay tile 1000 to 2000 lbs. 

b. Slate 500 to I 000 I:~. 
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c.' Galvanlzed1teel 125 to 200 lbs. 
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• TYPE. OF ROOF CONSTRUCTION-The methods used In fastening the various roofini 
materials to the ~upportlng roof construction make It necessary to consider the? 

nature of construction In selecting a roof covering. 

Where roof c:overlngs arc to be laid directly on the members or the structural 
frame without sheeting or other material to form a continuous surface, it Is nectssary 
to use corrugated steel or zinc sheeu. Where suitably spaced sub-purlins or rafters 
are provided, tile or slate coverings are the most suitable. 

• APPEARANCE-If the roof is exposed to view, the material will be selected to hilr
monize with the remainder of the building giving due care to the factors In the above 
paragraphs. Ir, high class buildings and residences, clay tile slates and asbestos roof 
coverings may be considered the most suitable. In cheapest class of building corruga

ted steel roofing may be used and in industrial buildings where appearance is of less 
Importance than durability corrugated sheet roof covering is suitable. 

NO, 23,1 FIRST CUSS TILE ROOFING 

Specifications 

I. Unlen otherwise specified, first class tile roofing work shall be constructed 
according to following specifications. 

2. The first class tile roofing shall consist of:-

1) First layer or tiles laid in I :6 cement sand mortar or I :2 lime surkhl mortar 
resting on battens. 

Ii) Second layer of tiles In I :6 cement sand mortar or I :2 lime surkhl mortar 

laid over a bed hair an inch thick I :6 cement sand mortar. 

iii) Half an Inch thick I :6 cement sand plaster over second layer of tiles. 

iv) A coat of hot bitumen blinded with sand. 

v) Four Inches earthfilllng finished with one Inch mud planer with gobrl 
leeplng. 

3. TILES-Unless otherwise specified, tiles. used In both the layers shall be of size 
ll"x 6"xl¼" and shall comply with Specifications No. 4.1. 

CLAY-Clay used In mud mortar or earthfilling shall conform to Specifications 
No. 3.1. _ 

BITUMEN-Bitumen shall be of approved quality. 

4. The battens thall be of specified type and size and shall have proper finished 

Roo(ln1 391 

- •. 

Scope 

Operations 

Materials 
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Slope to Roof 

Layln1 of First 
Layer of Tiles 

Layin1 of Second 
Layer of Tiles 

Bonding of Tiles 
with Parapet Wall 

Cement Plaster to 
Parapet 

Bed for Bitu
minous Coatin1 

Curing of Bed 

Application of 
Bitumen Thlck
netl 

Bllndlna of 
Bituminous 
Coatln1 
Earthfllllng and 
Mud Plaster 

Khurras 

Pointin1 of Tiles 
Underneath 

surface on tcp so as to give a good bearing to the tile. They shall be spaced 

12 inchct ap3rt centre to centi-c and shall be placed in ~tr;iight and parallel llncs. 

5. The necessary main slope in the roof shall be formed by sloping the beam or 

battens. 

6. Over the battens the fint layer of tiles shall be laid in mortar with the joints 

coming over the centre of the battens. Tiles shall be lald straight and square. All 

vertical joints shall be as fine as possible. .. 
7. The second layer or tiles shall then be bid In specified mortar on hair an Inch 

thick bed or specified mortar spread over the first layer of tiles. The joints shall be 
broken in both directions with the first layer of tiles la.id underneath. The vertical 

joints shall be as ii ,1e ai; in the c:;,;e or first layer :)r Lil'!s and sh:ill be flushed ·with mortar 

at top. 

8. Tiles rcsung on wall shall have bearing o( prefera.bly 4! inches and in no case 

less than 3 Inches. These tilts sh31\ butt closely against the brickwork or the parapet 
wall leaving no voids; wherever possible, the ends or the tiles shall be bonded into the 

brickwork with specified mom:r. 

9. The portion or the parapet wall between the t1lci and drip cour:;c : hall be 

plastered w,th half an inch thic:, cement sand plaster of I :3 ratio, unk;s otherwise! 

specified . 

10. Half an inch tluck cement ~i nd plaster of :;pcc1ficd ratio shall then be laid 

over the surface or the second layer or tiles to serve as a bed for bitumen. 

I I. The bed shall be cured for seven da,s, and the surface shall then be allowed 

to dry thoroughly before bitumen Is laid. 

12. Bitumen shall be heated to a temperature specified by the manufacturer and 

poured on the surface to be treated and pulled out so that the minimum thickness is 

I/ 16 of an Inch. The coat of bitumen shall be co.1tlnued alongwith the parapet wall 
up to a drip course. 

13. The bitumen coat shall be blinded with und at the rate of one cubic foot 

per I 00 squ:irc feet of the surface arc;\. 

14. Four inches thick or good c.irth (clay) conforming to Specif1tatlons No. 3.1 

shall then be put and sh:ill be thoroughly rammed and watered. The roof shall be 

finished with one inch thick mud plaster with gobrl leeping which shall be done in 

accordance with Specifications No. 25.7. This shall be done before layini the drip 
to ensure a dose joint with the wall. 

15. Khurras shall be mad.? before the earth Is laid and shall be In accordance with 

the Specific2tions Mo. 23.10. 

16. Unless otherwise ::pecificd, on the completion o( the work the underside of 

the tiles shall be washed and neatly pointed with I :2 cement sand mortar. 
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17. fn case of waeden battens. the spaces over the beam and between the 

battens shall be closed by one-Inch planks nailed to dlnance pieces which In turn are 

'i: · nalled-to-the-bactens.-Wher.e-eoncr•te bm.ens have...been.....med....lhe...spa.ceuhall.b§ 

filled with I :3:6 cement concrete block of exaet slz:e and lald In spaces with I :3 cement 

sand mortar. Thefilllng shall be equal to the battens In height and the outer faces shall 

be exactly In tine with the edge or the beam. 

18. The top surface or wooden battens In contact with the tiles and the end 

shall be painted with an approved preservative. 

19. First class tile roofing shall be measured by the superficial area of the roof. 

The unit of measurement shall be 100 square feet. 

20. The unit rate shall lnclude:-

a) Laying of first layer or tiles In specified mortar on battens. 

b) Laying of second layer of tiles In specified mortar over half an Inch thick 

bed of specified mortar. 

c) Laying of hair an Inch thick cement sand plaster over second fayer of tiles. 

d) Laying of coat of hot bitumen blinded with sand. 

e) Laying of .. -Inch earthfllllng finished with I-inch mud plaster with cobrt 

leeplng. 

f) Cement plastering portion of parapet against which mud plaster and 

earthfilllng butt. 

g) Pointing the underside or the tiles with specified mortar. 

h) Filling spaces between battens over the beam. 

I) Providing. using and removing scaffolding. staging. ladders, supports and 

other tools and planu required for carrying out the work as per above 
specifications. It shall also Include making good of any damaged portion 

of the walls or other structure on which the roof Is being lald. 

NOTf;-The rate does not include labour required for the construction of khurras or 

any other kind of rain water outlet. The rate also does not Include hoisting 
and fixing In position, battens and beams. Painting of wooden battens with 

preservative Is afso not included. 

-21. The unit rate shall Include the cost of the material specified above for carry• 

Ing out the work In accordance with above speclftcatlons, In addition to the labour 

nte detailed In para 20 above. 
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NO, 23,2 SECOND CLASS TILE RIOFING 

Specifications 

Second class tile roofing shall conform to Specifications No. 23.1 In all respects with 

the following exceptlons:-

Only one layer of tiles shall be lald lnstea,d or two and their size shall be ll"x 6"xr. 

NO, 23,3 JACK ARCH ROOFING 

Specifications 

I. Unless otherwise specified, Jack Arch roofing shall be constructed according 
to the following specifications. 

l. Jack Arch roofing shall involve the fellowing operatlons:-

(i) Construction of brick segmental arches h, specified mortar. 

(ii} FIiiing of haunches and crown with specified cement concrete. 

(ill) Laying of bitumen blinded with sand over half an Inch thick bed of specified 

mortar. 

(iv) Earchfilhng finished with mud plaster and iobrl leeplng. 
(v) Plastering soffits of arches. 

3. Unless otherwise specified. materials shall conform to the following specifica-

tions;-

• Bricks-Specifications No. 4'. I 

• Mortar-Specifications No. 19.1 to 19.4 

• Steel-Specifications No. 10.1 to 10.3 

• Paints-Specifications No. 9.1 

• Concrete-Specifications No. 20.1 

,f. Unless otherwise specified, the arches shall be true seiment of a circle and 

shall have a rise equal to 1 /8th of the span. 

5. Before fixing In position, R.. S. beams and all other Iron work shall be given 

specified coats of paint as detailed In Specifications No. 27.9. 

6. The end arch of series of bck Arches springing from an unsupported outer 

wall shall be supported by an angle iron or a rall of specified section embodied In the 

wall Immediately beyond the springing of the arch and shall be tied to the first joist by 

tie rods. Tic rods shall be perfectly straight and evenly spaced not more than .f to S 
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feet apart and shall b;' or l of an Inch to 5/8 of an Inch of diameter for span up to 

6 feet, 3/~ of an inch diameter for span up to 7 feet and one Inch to Ii lncheJ In diameter 

fP-. --for spans more than 7-feet. In series of arches haying mornhan-l(hpans;intermedta 

tie rods shall be p,:ovlded In every fifth span. Tie rods shall be put in at the specified 
place and nuts at the ends shall be tightened up correctly before centrings are fixed. 

7. Centring shall be of sufficient stiffness to retain Its curved shape without 

deflection. Its surface shall be correctly struck to the curvature of the soffit of the 

arch. The centring shall be supported on pillars built up from the ground or shalt 

be suspended from the bottom flanges of the beams only If approved by the Engineer• 

In-charge. In the later cue, cross timber carrying the centring shall be suspended 

from the outer Ranges of the beams by hook bolu of square section. No centring 

shall be attached nor shall the weight of centring come In any way on tic rods. 

8. To prevent lateral displacement of the beams under the thrust of the arch at 

least 3 complete sets of centrings shall always be used so that each arch under construc

tion shall have two preceding ones still supported till the whole roof ts finished. Except 

In special circumstances In a wide roof where specified, all arches of one roof shall 

be started simultaneously from one side of the roof and the centring moved forward 

along the Joists. 

9. Brickwork in arches shall conform to Specifications No. 21.1 for First Cius 
Brickwork and for arch work Specifications No. ll .5 for Brickwork in Arches. 

10. Bricks forming the spring courses shall be specially moulded so as to fit the 

Joist and at the same time give a truly radiating skew back Joints. In the absence of 
moulded bricks. the bricks shall be cut to the required shape, If approved by the En
gineer-In-charge. 

I I. Key ,hall be driven firmly into po,ltion with a wooden mallet and shall lie 
truly and centrally of a vertical line through the centre of the span. 

12. Unless otherwise specified, the slope in the roof shall be given In R. S. 

beams while pladng them In position. 

I 3, The haunches of the arch shall be filled and the arching covered with specified 

concrete thoroughly rammed and finished to a level so as to give a maximum thickness 

of I I Inches over the crown, or the joists whichever is higher. The concrete shall be 

cured for ten days. 

14. After filling up haunches half an Inch thick cement sand plaster of specified 

ratio shall be laid over the surface to serve as a bed for bitumen. 

IS. The bed shall be cured for seven days and the surface shall be allowed to dry 

thorou&hly before bitumen Is laid. 

16. Bitumen ,hall be heated t~ a temperature specified by the manufacturer and 

poured on the surface to be treated and pulle~ out so that the minimum thickness Is 

1/16 of an Inch. The coat of bitumen shall be continued afongwith the parapet waif up 

to the drip course. 
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17. The bitumen coat shall be bUnded with sand at the rate of one cubic foot per 
100 square feet of the surface area. 

18. Three Inches thick of good earth (clay) conforming to Specifications No. 3.1 
shall then be put and thoroughly rammed and watered. The roof shall then be finished 

with one Inch thick mud pinter with gobrl leeplng as per Specifications No. 25.7. 

19. The soffiu of the arches shall be plastered with specified mortar as per Speci
fications No. 25.2. .. 

20. In case where the lower (exposed) flange of the beam has to be covered with 

plaster,½ Inch mesh wire netting not ll&hter than 20 gauge shall be wound round It 

to let the plaster go under the flange. The netting shall be clipped on with hoop 
Iron and shall be kept away from the flange by pieces of wood so as to afford a key to 

the plaster. 

21. Jack Arch roofin1 shall be measured by the superficial area of the roof. The 

unit of meuurement shall be 100 square feet. 

22. The unit rate shall include:-

(1) Laying of bricks In segmental arches In specified mortar, Cutting or 
bricks. whenever required, curing and protecting as per above spedfica. 

tlons and/or any other specifications specially Included In the contract. 

(II) Fllllni of haunches and crown with specified concrete. 

(Ill) Laylni of coat of hot bitumen blinded with sand over half an inch thick 

bed of spedRed mortar. 

(Iv) Laying of 3 Inches thick earthfillini finished with mud plaster and gobrl 

leepln1. 

(v) Plasterln& of soffits of arches In specified mortar. 

(vi) Provldln&, usln& and removln& scafFoldlng. shuttering, centrlnc. ladders. 

supports and use of any other tools and plants required for carrying out 

the work as per above specifications. 

NOTf.-The rate does not include hoisting. fixln& In position and palntlngofR. S. 

beams, tie rods or other anchor. The rate also does not Include the plasterlni of 

bottom flance of beams. 

The unit rate shall Include the cost of all the materials supplied at site of work. 

except sceel and paints. specified above In carryln& out the work In accordance 

with the above 1peclficatlon1, In addition to the labour rates detailed above. 

10, 23,4 JACK ARCH IIOFIIG (SPRUNG FROM TOP OF BEAMS) 

Specifications 

Jack Arch roof (sprung from the top of beams) shall conform co Specifications 
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No. 23.3 of Jack Arch Ro&ing (sprung from the bottom of beams) In all respects, except 

the following:-

ti) EXTRA TIE. 8ARS ANCHORAGE.. A second length of rx 3•x 3/8• angle iron 

shall be -provided whenever tie rods are to be provided, tc serve u an 
anchorage for the other ends of the th: rods which In this case annot be 

anchored to the beam,. 

NO. 23,5 JACI ARCH ROOFING (FOB CARRYING FLOORING 
OF THE ROOM) 

Specifications 

Jack Arch roofln& Intended to carry the floorln& of a room shall conform to Speci

fications No. 23.3 or 23."I for Jack Arch roofing (sprung from either bottom or top 

of beams) In all respects, except the following :-

Operations referred to in para. 2 (iii), (iv) and (v) of Specificatic.ns No. 23.3 shall 

not be performed. 

The unit rate shall include:-

(1) Laying of bricks in segmental arches In specified mortar. Cutting of 

~ricks, whenever required, curing :ind protecting as per above specifi

cations ;ind/or any other specifications specially included In the contract. 

(i i) Filling of haunches and crown with specified concrete. 

(ill) PIJstering of soffits of arches in specified mortar. 

(iv) The cost of providing, using :ind remov ing scaff'c.ldlng, shuttering, centring, 

ladders, suppons and any other tools and plants required for carrying 

out the work as per above specifications. 

NOTE.-The rate does not include hoisting, fixing in position and painting of 

I\. S. beams, tie rods or other anchor. The rate also does not Include the plastering 

or bottom flange of beams. 

The unit rate shall include the cost of .all the materials supplied at site of work, 

except steel and paints. specified above in carrying out the work in accordance with 
the above specifications, in .addition to the labour rates detailed above. 

NO, 23-6 FLAT STEEL SHEET ROOFING 

Spec!rications 

I. Unless otherwise specified, plain flat steel sheet roofing shall be construaed 

In accordance with the following speclficulons. 
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2. Unless otherwlsi: specified, material shall conform to the following specifica

tions:-

FLAT STE.EL SHE.ET sh:ill conform to Specifications No. 15.6 for Flat Steel Sheets. 

ROLLS sh:sll be made up of 22 S.W.G. galvanised flat steel sheet conforming to 

Specifications No. 15.6 F,at Steel Sheets. 

FIXING ACCESSORIES shall be screws and chps and shall be of approved quality 
and shall b(! Invariably galvanized. 

ROLL BATTE.NS/BOARDING sh;ill be wooden conforming to Specifications No. 8.1 

to 8.3 of Timber. .. 

3. The sheeting shall be laid on boarding of wood of thickness specified. The 

boarding shall be butt jointed unless specified otherwise with two screws (3-inch) 

holding each board to each rafter. Only that side of the boarding shall be wrought 

which Is not covered by sheets. 

-4. The roll battens shall be of specified wood, 2 inch by I½ inch in section, with 

the top rounded to the curve of the ridge. They shall be fixed at the correct 

spacing, in parallel rows and secured to the bo:irding from underneath with 3-inch 

screws spac:ed not more than 2¼ feet apart. 

S. The longitudinal edges of the sheets shall be curved to a radius of half an inch 

to that the rolled edge stands 3/4 of an inch above the sheet. The top end of the 

upper most sheet shall be bent up I½ inches. 

6. The sheets shall be laid between the b:ittens from the lower edge of the roof 

upwards. The lower edge of the first sheet shall be held to the planking by galvanized 

Iron clips 6·xl/',"xl/8• at the two edges and then middle. The upper edge shall be 

kept under th!! lower edge of the next sheet which shall be held by an equal number of 

similar clips but IO inches long. The I 0-inch dips shall be fixed to the boarding by two 

screws at one end leaving the other end free (or at least 6 Inches to allow the lower 

sheet to be tucked underneath. The top most sheet, the upper edge of which has 
:ilready been turned up, will butt against a batten l¼"xl • running between the roll 

battens and parallel to the ridge plate, and the turned up portion shall be screwed to 
this batten. 

The turned up longitudinal edges shall be kept down by l'xl"xl/-4" galvanized iron 
pieces recessed Into and screwed to the battens with 2-lnch screws. Two such clips 
shall be used .it the ends and two spaced equally in between. 

7. Rolls shall be made from 5-lnch wide strips bent to a radius of I inch and leaving 

I !·Inch gap between the edges. They shall then be slipped down the roll battens so 

as to enclose the tu med edges of the roofing sheets. Rolls shall be held at the lower 
end, In each case by a cllp, 6"x 3,'4"x l/8" countersunk Into the batten and screwed 
to it. 

8. Unless otherwise specified, the ridge shall be made from l feet strips, one 

longitudinal edge of which shall be turned up I½ Inches to a radius of½ Inch. The 

ridge sheet shall be laid on longitudinal plan king which shall be of wood and thickness 
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spec:ifiad, butt jointed and unwrougluen both sides. The ridge boarding shall be , . 
fixed on top of roll b:mens after the roll$ have been fixed in place :ind shall be secured 

with 2-inch screws per bolrd to each roll batten . 

The low.?r lonptudlnal edge of the ridge shall be secured by clips 6"x3/4"xl /8. 

scrawcd to the battens through the boarding, with 2-inch screws. 

9. The ridge roll shall be made to a radius equal to the thickness of the ridge 

plate and with the edges separated by thickness of t he beam, and slipped over the ridge 

sheets so as to endose the turned-up edges. 

10. Roof sheets and rolls shall no~ overlap to a length of less than 6 inches. 

Ridges, sheets and ridge roll shall not overlap to a length of less than 9 Inches. 

Ridge Roll 

Laps 

I J. Unless otherwise specified, all boarding, battens and fillets shall be given two Wood Pre1ervatlve 
coats or hot creosote or other approved wood preservative. 

12. A machine of approved type shall be used for turning the edges of ~heets 
and making all rolls. No hammering sh:?11 be allowed. 

13. Valleys, gutters and flashings shalt be made in accordance with the Specifica

tions No. I 5.6 for these Items. Hips sh:ill conform to paras 8 and 9 or this specifica

tions for ridges except that the end is stopped with a piece of galvanized Iron sheet 

cut to fit. The junction between the ridges and hips shall be capped with milled lead 

sheeting weighing 5 lbs per square foot. The lead sheet c.tp sh:ill be carefully 

moulded to fit :ind shall have less than 9-inch overlap. 

l,f. The measurement of flat steel sheet roofing shall be done by the superficial 

:irea or roofs. The unit of rate shall be I 00 square foet. 

IS. The unit rate shall include:-

(•) Painting of roll battens with wood preservatives and faying them in 

position. 

(ii) Fixing of sheets and rolls in position with specified fixing accessories. 

(iii) Labour for providing, using and removing all scaffodling, ladders and 

other tools and plants required for the s:itisfactory execution or work in 
accordance with the above specifications. 

The boarding und~rneath the sheeting is not included in the rate. Also the 

labour for ridges, hips and the boarding to which they are fixed and gutters and flashing 

are not Included In the rate. 

16. The unit rate Includes the cost of (i) rolls batten (ii) flat steel sheets with all 

the sj>eclfied overlapping and fixing a"essorles (iii) wood preservative paints required 

(or carrying out the work as per above specifications, in additions to the labour rate 

as detailed above. 
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NG. 23, 7 GALVANIZED CORRUGATED STEEL 
SHEET ROOFING 

Specifications 

I. Unless otherwise specified, ga.lv.inlzed steel sheet roofing (corrugated) sh:ill be 

constructed In ;iccordance with the following specifications. I 

2. (o) Galvanized corrugated steel sheets shall conform to Specifications 

No. I S.7 for Corrugated Steel Sheet. 

(b) fixlnC accessories. hook bolts. screws, bolts, nuts, rlveu, washers shall 

be 1alvanlzed or shall be of any other approved quality. 

(c) Seating material shall be bitumlnuous mastic or of any other approved 

quality. 

(d) Flashing gutters sh:dl conform to Specifications No. 23.11 for flashing 

Gutters. 

3. (o) End lap shall be minimum or 6 inches for slope and 4 inche~ for vertical 

falls which shall be sealed with specified sealing m.iterial. 

(b) Side lap shall be formed on th~ sides of the sheet, "J.way from the prev;iiling 
direction of wind. The side lap sh311 vary from one to two corrugations as specified. 

ln1ulatln1 Material 4. Wherever specified. insulating material of approved quality shall be laid either 
between the purllns and the sheet or under purlins Incorporating air gap. 

Purlin Spacinp 5, Purlln sp:iclngs for roof covering with G.C.S. sheets shall be arranged with a 

Holes 

Layins of Sheet 

view to using standard sheets of uniform length throughout, and the trusses sh:ill be 

designed for purlin spacings to suit the standard length or these shceu to avoid un

necessary cuttings. Ridge purlins shall be as near to the ridge as possible having 

regard to the type of ridge capping to be used and the manner In which It Is to be fixed. 

6. The holes for fixing bolu shall be made through crown of the corrugations and 

shall be either punched or drilled and shall be 1/16 of an Inch l:irger in diameter than 

the bolts or fixing screws to be used. 

Holes shall be In the exact position to suit the purlins and no holes for fixing bolts 

shall be nearer than I½ inches to the end ofthe sheet. These holes shall be made In 

a manner that the arrlsses of the punched hole sh1II come on top when the sheets 

:are laid. Where 4 sheets overlap, holes shall be drilled :ind not punched. 

7. Before the l:iying or sheet begins 1t shall be seen th:n all purlim are in true 

plane correctly spaced and securely fixed. The purllns spacing and the length of sheet 

shall first be checked to see that the arrangement will provide the specified overhang

Ins at the eaves and the laps. The eave course shall be laid first and work shall start at 
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the leeward end or tlie building so that side laps have better protections from the 

rain driven by the prevailing wind. The top edges of eave sheet shall extend at least 

~; I! inches-bc)lond-th~ck-of...steel-~rilns..or-l-inches-beyond-the-cent~llne...of--a 
timber purlln. 

·,:: ~ ·,,-. 

B. Sneets shall be fixed to steel purlins by hook bolts and to timber purllns by 

mushroom-he:ided galvanized drive screws. Hook bolts and drive screws shall be 

from 1/4 of an inch to 3/8 of :in inch In diameter as specified and shall be spaced at an 

Interval of not more than 15 Inches. Sheets shall be secured at every purllns by at 
least 2 boltS. Nuts or heads of drive screws shall have specially made washers to 
render the. hole:S watErproof. W:1shers sh:111 be "Limpet" patent doom and shall be 

bedded on bitumlnou:; Celt. Screws or bolts shall be tightened sufficiently to seat 

washen over the corrug~tion. 

9. (a) General :icc1morlcs. Ridge or hip capping, wherever possible, shall be 
secured to the purlins by the same bolts or screws wi1ich secured the sheeting. 

(b) Ridge cap sholl be made up of galvanized flat steel conforming to Specifications 

No. IS.6 or Flat Steel Sheet or otherwise specified. In case (a) above Is not possible as 
the purlin is not sufficiently nc:ir the ridge, the capping shall be secured to the sheet by 
1/4 of an Inch to 3/8 or .in inch diameter bolts: two roofing bolts to each wing 

capping ac centre not further 3part than the bolts used for sheets. The Jap of the 

capping along the ridge shall net be Jess than 6 Inches and shall be so arranged as to 
prctect the joints rrom the prevaillng wind. 

(c) Hip cap shall be cut to the required mitre and shall be close butted. The 
slope iolnts shall be covered with plain ridge cap which shall be secured through the 
roof sheet or the slope runner by one bolt on each side at the same spacing as for the 

roof sheets. Hip caps shall hive a minimum lap of 6 Inches. 

10. For any situation exposed to strong winds, sheets shall be fastened down 
above the caves by continuous length or l½.x½" flat iron bars bolted down every S 

feet by 1/2-Jnch bolt built :i foot into the wall and secured at the lower end by a 3-inch 
square washer. 

11 . Wherever desired, sheets shall be painted with specified paint. 

12. The me.isurement of corrugated Iron sheet roofing shall be done by the 
superficlal area of the roofing. The unit rate shall be 100 square feet. 

I. The unit rate sh;ill include:-

R,o(ing 

(!) Hoisting and fi,dog or corrugated Iron sheets in position with the specified 

fixing accessories. 

{Ii) Punching er drilling holes and cutting of sheets. 

till) Providing, ush,g, erecting and removing of scaffolding, benching ladders, 
templaces and use or other tools and plants required for carrying out the 
work I., accordance wlch the above specifications. 
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The labour for fixing purltns, gutten, flashing, ridges, specially fastening against 

Qbles etc., ls not Included. The labourf'orfixlng Insulating material Is also not Included. 

14. The unit rate shall Include the cost of (1) galvanized corrugated steel sheets 

with all the specified overlaps, (11) all bolts, nuts, hook bolts, screws and washers 

required for properly fixing sheeu as per above specifications, In addition to the 
Jabour rate detailed In para 13 above. 

NO. 23,8 CORRUGATED ASIEStOS CEMENT SHEET ROOFING 

Specifications 

I. Unless otherwise specified, corrugated asbestos cement sheet roofing shall 
be constructed In accordance with the following specifications. 

2. (a) Corrugated asbestos cement sheets shall conform to Specifications No. 

15.2. 

(b) Fixing accessories. Hook bolts, nuts, and screws shall be galvanized 
or of any other approved quality. 
Washers shall be bituminous and galvanized Iron or of any other 
approved type and quality 

(c) Sealing Material. When specially required, sealing material shall consist 
of mastic of approved quality. 

(d) Flashing gutters shall conform to Specifications No. 23.11. 

3. (a) End lap shall be of a minimum size of 6 inches. 
(b) Side lap shall be formed on the sides of the sheet away from the 

prevailing wind. It shall be half the corrugation of sheets. 

4. The minimum end overhanging In case of eave verges and cable ends shall be 
12 Inches, Overhanging verges shall be supported by purllns over the full width of 
the sheet. 

S. Purlln spacings for roof covering with G.C.S. sheets shall be arranged with a 
view to using standard sheets of uniform length throughout, and the trusses shall be 
designed for purlin spacings to suit the standard length of these sheets to avoid 
unnecessary cuttings. Ridge purlins shall be as near to the ridge as possible having 
regard to the type of ridge capping to be used and the manner In which ft is to be 
fixed. 

6. Holes In sheets shall always be drilled and shall on no account be punched. 
They shall be 1/16 of an Inch larger In diameter than that of bolt or fixing screw, and 
shall be drilled through the crown of the corrugations. Holes shall be drilled In exact 

position to suit the purllns. No hole shall be made In valleys of corrugations and closer 
than I½ Inches from the edge. 

7. Before sheeting begins the structure shall be Inspected to see thac·a11 purlins 
are In true plane, correctly spaced and securely fixed. 
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Purlin spaclncs and the length of sheet shall be checked to see that the arrange-• 
ment provides the specified f aps and overhanging. The eave course shall be fald 

first, and work shall start at the leeward end of the bull ding, so that the side laps shall 

have better protection from rain driven by the prevailing winds. The top edge of 
eave sheets shall extend 3 Inches beyond the central llne of purlins. Close fittings 

of sheets at the Junction of side and end lap shall be ensured. 

8. G. I. bolts and screws required for fixing sheets shall be I /'f to S/16 of an Inch 
In diameter. Nuts or heads of screws shall bear evenly on washers. Bolts or screws 
shall be fixed with G. I. washers over bituminous washers to fit tightly on the outer 

race of the 1heet. Bolts or screws shall In the first operation be tightened lightly. 
They shall be tightened fully when about a dozen of sheets have been laid Jn position. 

For metal angle purlins the sheet shalr be secured by bolts or 'J' or 'L' shape. For 
wooden purlins the sheet shall be fixed with gimlet pointed roofing screw1 which shall 
not be hammer-driven. 

9. Capping shall be secured to the ridge purllns by the same bolts or screws 
which secured the sheeting: Jf ridge purlin is not sufficiently near the ridge to permit 
this each wing of the ridge, capping shall be secured to the sheeting by t½•xS/16• 
roofing bolts, 

Other asbestos cement accessories such as flashing etc. shall be secured either 
to the structure or by the roofing bolt of the sheeting. 

10. When specially required, the paint used for painting of sheecs shall be of 
an approved quality. 

11. The A.C.C. sheet roofing shall be measured by the superficial area of the roof. 

The unit of measurement shall be I 00 square feet. 

12. The unit rate shall include:-

(1) Hoisting and fixing of A.C.C. sheets In position with specified fittings, I.e. 
nuts, screws, wuhers, hook bofu, bituminous washers, etc. 

(II} Cutting ·of sheets and drilling of holes. 

(111) Providing, using and removing scaffolding, benching ladders and use of 
other tools and plants required for carrying out works In accordance with 
above specifications. 

Labour for painting of sheets 30d fixing purlins, gutters, flashings, ridges, 
etc., Is not Included. 

t 3. The ul\lt rate sh:.h lncu,oe u,e cost of (I) A.C.C. sheets with all the specified 
overlaps, (11) 111 bolts, nuts, screws, washers, etc., required for the proper fixing of 
sheets, In addition to the labour race as detailed In para 12 above. 
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NO. 23,9 HALF·SAWN SLEEPER ROOFING 

Specifications 

I. Unless otherwise specified, half-sawn sleeper roofings =::hall be governed by the 

specifications stated below, and shall consist of the specified materials In :accordance 

with the requirements set forth as under:_-

2. Unless otherwise specified, half-sawn sleeper roofings shall consist of wooden 

bed blocks or specified sizes obtained from unserviceable sleepers, flat-footed unser

vlcetble nll girders, one layer of half-sawn sleepers obtained from unserviceable 

sleepers, and S-inch thick layer of mud :and mud plaster:.. 

3. Unless otherwise specified, hair-sawn sleeper roofings shall be constructed 
after the supporting walls have been raised to the specified height. longitudinal 

wooden bed blocks shall be laid In the recess provided In the wall to the correct level 

and then specified rail girders from unserviceable rails shall be put across the supporting 

walls at specified spacings on these bed blocks. Hair-sawn sleepers shall then be 

laid In the longitudinal direction of the walls butting against each other. Gaps between 

two such sleepers shall then be filled In with the specified mixture of sawdust and bitu• 
men to make Jt watertight, Finally, a layer or S Inches of mud and mud plaster shall 

be laid on the sawn sleepers and finished with a slope of I In 60 to drain out 

rain water efficiently. A water spout of approved type shall be also provided to the 

roof. 

4. The exposed side of the sleeper shall be the sawn face, smoothed sufficiently 

to allow easy painting. The joint between the sleepers shall be fine and in no case 

more than 1/4 of an Inch thick. 

5. The exposed surrace or the sawn sleepers and the rail girders shall be painted 

with specified paints. The rail girders sh:all be painted according to the Specifications 

No. 27.9 for Painting Iron Works, and the sawn face of the sleeper shall be painted 

according to the Specifications No. 27.2 for Painting Wood Works. 

6. The measurement shall be taken or the superficial area or the roof. The unit 
of measurement sh.ill be I 00 square feet or the roof surface. 

7. The unit rate shall include sawing or sleepers, making bed blocks, hoisting 

rails in position, painting the sawn face of the sleeper and rails, making joints w.iter

tlght, and providing a layer of 5-lnch mud and mud plaster. Unserviceable sleepers 

shall be supplied by the Department. In case the sleepers are arranged by the contrac· 

tor, the rate shall indude the cost of the actual sawn sleepers laid In the roof, by 

cubical contents and paid for separately. 
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~O. 23,10. "KHURRAS" "PARNAlAS" AND SPOUTS 

Specifications 

I. Unle5s otherwise specified, top khurras shall b.? 2 feet x 2 feet .1nd shall be 

made of I :2:4 cement concrete I l-lnch thick, laid on I :4:8 cement concrete. The 
oustlde edge of the khurras shall be flush with the level of the mud plaster or leepai 

and the surface shall slope uniformly from that place to the outlet, which shall be 2 

Inches lower than the edges. Concrete shall have a slope I: I at the sides so as to be 

overlap?ed by earth and mud planer. Cement concrete shall be continued into the 
outlet so as to ensure a watertight joint. 

2. Unless otherwis:! specified, bottom khurras on top of verandah c,r similar 

roofs shall be 2 feet x 2 feet and will consist .Jf a I ! -inch layer of I :2:'4 cEment concrete 

laid on I :'4:8 cement concrete. The surface shall be sh:iped like a saucer drain, the 

depth of the saucer being 2 inches, and joining up with the roof drain, described in 

paragraph 7. 

3. Unless otherwise specified, bot~om khurras when used on the ground, 111 

conjunction with spouts, shall be '4 feet X 2 feet and shall consist of bricks on edge laid 
In cement, laid on 3 Inches of I :-1:8 cement concrete. 

~. U~Je~s oth.?rwlse specified, revealed parnalas sh:all be m:ade by lea-..ing :i 

channel 7 Inches wide and 2¼ Inches deep in the w:all during construction, and after• 
wards plastering the channel with I :3 cement plaster. The corner of the channels 

shall be rounded to a radius of one inch in pfastering. If reveil.led parnalas il.re left In 

a wall made of brickwork In mud, the bricks shall be laid in cement mortar (I :3) for 
a depth of 4½ inches from the back and sides of the parnalas, this work being included 
In the rate, 

5. Unless otherwise specified, khassi parnalas shall consist of two fillets or cement 

plaster (I :3) raised I½ inches and spaced 9 inches apart, the tpace In between being 

plastered with I :3 cemeilt pl.mer. The fillets shall be prism.:tlc in section {but wi~h 

all corners and angles rounded), the inner sides being at right angle to the wali and the 
outer sides sloping, 

Unless otherwise specified, kh:i!:si p:irnalas shall i.i 1~0 ca:c be rn.1dc c.n top of the 

cement or other plasuron the wall, but mJde In contact with the brickwork or masonry 
,rcer raking out the Joints. 

6. Unless otherwise specified, spcuts shall be m.ide of reinforced cement con• 

crete and shall have an open ch;mnel 3¼.x3!• with a semi-circl!l~r bottom. They 

shall project at least 15 Inches from th&-face of th~ wall and shall be built Into the wall 
for a depth of at le;sc 13½ Inches. The part built Into the wall shall be sufficiently thick• 

ened to provide adequate support for the overhanging portion. Spouts shall be fixed 
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at a slope not flatter than I In 6 and shall have a flp at the lower edge to allow water to 

drip clear. 

7. Roof drains shall be provided on verandah and similar roofs to conduct 

water, discharged by the parnalas of a higher roof, to the outlet. They shall run In a 
straight line from the bottom khurra of one to the (top) khurra for the outlet con

cerned. Unless otherwise specified, the drain shall be saucer-shaped fn section, the 

depth being 2 Inches. Drains shall be made of 2 inches thick I :2:4 cement concrete 

laid on cement concrete I :-4:8 of a section to give the necessary shape, with edges flush 
with the roof plaster. • 

8. The parnalas and drains shall be measured along their length. The unit of 

measurement shall be per running foot. 

The khurras and spouts shall be measured as :l Jobs Item. The unit of measurement 

shall be for a complete unit. 

9. The unit of rate shatl include (1) all the Jabour required for the above operation 

and (11) use of all the tools and plants required for carrying out work In accordance with 

the above specifications. 

I 0. The unlt rate shalf Include the cost of all materials at site of work required 

for carrying out the work as per above specifications, In addition to the labour rate 

detailed In para 9 above. 

NO, 23,11 GUTIERI AND FlASHINIS 

$pedfications 

I . Unless otherwise specified, gutten and flashings shall be constructed In ac:cor• 

a nee with the f ollowlng specifications. 

2. Unless otherwise specified, lead. copper, zinc or galvanized steel sheet shall 
be used for gutters and flashlngs:-

-to6 

a) Lead sheets shall be made from melted lead and shall not be less than the 

following weight per foot : 

Gutters 

flashings 

6 lbs. 

S lbs. 

b) Copper sheets used for gutters shall be cold rolled and shall not be thinner 

than 22 S.W.G. For flashing It shall be dead soft temper and shall not be 
thinner than 2.f S. W.G. 

c) Zinc sheeu shall not be thinner than 20 S.W.G. 

d) Galvanized steel sheets shall be:-

For autters 
For flashings 

No. 18 S.W.G. to No. 22 S.W.G. 
No. 20 S.W.G. to No. 2"' S.W.G. 
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3, Unless otherwise specified, gutters shall be semi-circular In shape, made of the 
material s'pedfied abo~ and shall be properly finished and laid ln specified shape. 
Gutters shall be supported with brackets fixed to wall or roofing at a specified distance 

~ part:-:-. --

... When the. edge of a roof sheeting, or of a valley gutter is turned up against 
a wall, the edge shall be weather-proofed with a fla,hlng. The flashing shall be Inserted 
Jnto the brickwork or masonry joints to a depth of 2 Inches, the joints being filled 
up with I :3 cement mortar unless otherwise specified. It shall be further 5ecured In 
the Joint by means of galvanized iron clip, In at least -f Inches Into the masonry. The 
lower edge of the flashing shall overlap the sheeting below It by at least._ I Aches, the 
edges of the sheeting and flashing being left free to expand and contract. Wherever 
flashing has to be laid at a slope, It shall be stepped :i.t each course of the masonry, the 
steps being cut back at an angle of not less than 30 degrees to the vertical. 

5. The measurement of flashing shall be by the superficial area and its unit of 
measurement shall be per square foot. 

The m?asurement of gutters shall be along iu length and the un it of measurement 
shall be per running foot. 

6. The rate for gutters and flashings is for completed work fixed In position, 
Including all laps, ,upports and other fixing accessories . 

NO, 23,12 SLEEPER ROOFING 
Specifications 

I. Unless otherwise specified sleeper roofings fer temporary structures or un
important buildings shall be constructed in accordance with the followjng specifica

tions. 

2. Unless otherwise specified sleeper roofings shall consist of a layer of full or 
half-sawn sleepers with their sides butting against each other and Joints fully caulked 
with a mixture of hot bitumen and sand. The top surface shall a!so be coated with the 
same mixture and then covered with layers of earth and mud plaster on the top. 
Wooden strips firmly nailed underneath the Joints of the sleeprs shall be provided. 

3. (a) SLEEPERS-Sound unserviceable deepers of a thickness of not less than 4w 
at the thinnest 1ectlon in ca~e offull sleepers, and r In case of half-sawn sleepers, shall 
be used. 

(b) SANO-It shall conform to Specifications No. 6.1 (A). 

(c) BITUMEN-It shall conform to Chapter No. 12 of book of Specifications 
for Materials of Construction Vol. I, Part I. 

(d) CLA Y-lt shall conform to Specifications No. 3. t. 

4. The ends of the sleepers shall be cut square, the sides planed properly 
and holes, If any, shall be filled with wooden plugs dipped In hot coaltar, The 
portions of the sleepers to be em~dded In masonry work shall also be painted 
with hot coaltar. Each sleepers shall then be laid butting tightly against the adjacent 
one. These Joints shall be provided wl:h wooden strips measuring rxt and firmly 
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nailed on the underneath side of the sleepers. The joints shall be then caulked with 
a mixture of hot bitumen and sand. and a coating of the same mixture shall be given 
all over the roof surface A layer of 4"' of stiff' clay of good earth as specified shall 
be lald over the coating. In preparing the stiff clay care shall be taken thauhe 
earth at site dries In the sun and Is then powdered and stacked In heaps of about 100 
cft. Water shall then be added and the earth thoroughly mixed by treading with 
feet and br~ught Into a consistency of stiff clay. This layer of earth shall be allowed 
to dry till there Is no free moisture on the surface. The roof shall then be finished 
off with I"' thick mud platser and leeped In accordance with Specifications 
No. 25.7. -

In case of sloping roofs. wooden battens shall be provided along the free ends 
and the front edge to support the earth. Eave boards shall also be provided If directed 
by the Engineer-In-charge. The celling of only the half-sawn sleepers roofings shall 
be painted, If and as specified. 

S. Both the half-sawn, and the foll sleeper, roofings shall be used to cover spans 
from 4' -o· to 7' -6". 

6. The unit of measurement shall be 100 square feet of the roof area, 

7. The labour rate shall cover the sawing ohleepers in ase of half-sawn sleeper 
roofings, cutting ends. pla.,lng sides. plugging holes, laying on roof, caulking joints 
coating with bitumen and sand, providing -t• thick earth layer, and 1 • mud plaster on 
top. and providing wooden strips underneath the joints. The battens and eave board~ 
when provided shall be paid for separately as wood work. 
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CHAPTER 24 

FLOORING 

Introduction 
The tier or levels which divide a building in two stages or storeys are called floors. 

These are made of materials quite different both In composition and construction. 

They ranee from relatively thin covering, contributing little or no structural strengrh 

to a bulldlng, to much thicker m:'L~erials capal,tc of withstanding re:isonable stresses, 

and In some designs, essential to the strength of the b::ildlng. 

The selection of proper floor has an Important bearing on the building. It affects 

Its appearance, usefulness and the cost of upkeep. Th£ relative characteristics or 

various floor surfaces are &lven as below:-

• APPEARANC£-Appearance Is the attractiveness of the material, Its colour 

range, texture and decorative value In an architectural scn~e. Floor surraces, when 

suitably used, such as hard wood when properly finished, terrazzo, clay tile, marble, 

etc., are quite attractive; but concrete without special treatment, heavy asphalt mastic 

and industri:il wood blocks do net give a good appearance. Concrete floors may be 

painted or waxed, and are attractive as Jong :n the surface is mainuined, but this Is 

difficult to do where the traffic Is heavy. 

• DURABILITY-It may be defined as resistance to wear, temperature, humidity 

changes, decay and dislntogration. The adhesion of a mau:rial to its base Is another 

factor In durability, The most dur;ible floor surfaces are clay tile, terrazzo, slate and 

c.lncrete. With the exception of concrete, none of the materl:11:: mentioned so far 

are suitable or satisfactory for heavy traffic; :inc! bricks, wood blocks and heavy 

asphalt mastic may be used under these conditions. 

Characteristics Of Good Flooring 
Comfort under foot Is determined by the shock•tbsorbing qualities, sure-footed

ness, evenness of surface and conductivity. A floor which is a good heat conductor will 

always give a cool feeling. 

The most comfortable floors to work on are cork tiles and rubber. Wood and 

asphalt mastic are also quite satisfactory, but concrete, terrazzo, clay tile, marble and 

bricks are tiresome and cold. 

Cork tile and rubber floors arc practically noiseless; wood and asphalt mastic 

floors, though less satisfactory, are not very noisy. Concrete, clay tile, marble, slate 

and bricks are the noisiest or the flooring materials. 

Concrete, clay tile and bricks are the most fire resistant floor surfaces. Next In 
I 

line are terrazzo, marble and slate. Rubber and wood are combustible, but if laid on 

a fire-proof ba.se they are not considered a serious defect In a fire-proor building. 

From the point or view of sanitation a floor surface must be non-absorbent and 

could be easily cleaned. Jolnu which are not watertl&ht lead to unsanltatlon. 
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24 Terra110, clay tile ana marble are the most sanitary floor surfaces. Concrete presenU 

difficulty ln cleaning, and wood Is an unsatisfactory material on account of lu porosity 
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This means immunity from damage by occasional spilling of strong acid solution 

and resistance to the continuous use of soap. cleaning and scouring compound and 
disinfectants. Clay tile Is the most satisfactory floor surface In this respect; asphalt 
mastic Js also quite resistant; terrazzo, marble and concrete are considered to be 

sufficiently resistant ror ordinary purpose. 

Grease and oil are not absorbed by polished clay tile and thus do not affect It. 

They are however absorbed by wood. brick, concrete, terrazzo and therefore spoll 

their appearance though do not seriously affect their durability. 

Clay tile, brick, concrete, terrazzo and asphalt tile are not affected by dampness 

and are suitable for use on floors located below grade such as In the basement. Wood. 

rubber, cork tile and other similar materials are not suitable for such location. 

The flooring materlali such as clay tile, terrazzo, concrete and marble do not 

suffer indentation from chair legs, heels of shoes and other obJec:ts which rest on 
them or strike them. Material like rubber yields considerably under such loads but 
recovers quite well when che load Is removed. Asphalt tiles and asphalt mastic, 

however, become permanently indented. 

Polished tlle, marble, terrazzo and rubber tile floors are easily cleaned and require 

little care In their maintenance; hardwood floors are fairly easy to clean when In a good 
condition, but require frequent surface treatment; asphalt tiles are easily cleaned. but 

should receive surface treatment occasionally; cork Is not easy to clean and requires 
surface treatment. Concrete Is not as easy to clean as terrazzo or marble, If It Is not 

painted or waxed. Painting makes cleaning easy but requires frequent renewal. 

The monolithlcal floor• such as terrazzo and concrete are difficult to repair satlS· 
factorlly. Floors composed or separate unit of tile, slate, or marble are more easlly 

repaired, but require skilled mechanics to do It. 

The maintenance cost of wood block, brick or concrete floors Is relatively low, 
except under extremely severe traffic. With the exception o( concrete these materials 
are easily repaired as they require no surface treatment. 

One of the Important factors governing the selection of a floor is Its Initial cost. 
It may be noted here that even the most expensive materials do not possess atl the 
features which are considered desirable . 

Types of Floors 

Some of the most commonly used floors are (I) Earth Floon (2) Mud Floors 
(3) Brick Floors (1) TIie Floors (5) Marble Floors (6) Flagstone Floors {7) Cement 
Concrete Floon (8) Terrazzo Floors, and (9) Wooden Floors. ... 

These floors are made of good earth. Earth Is filled to the required level In 

layers, with each layer not exceeding 6 Inches In thickness. Each layer Is well watered, 
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MudFloon 

arlck Floors 

TIie Floon 

rammed and consolidated before plaong the next layer. 

These floors are generally used for stables, cattle sheds, etc. 

Earth floors Intended for human occupation are provided with one Inch thick mud 
plaster surface which Is finished with gobrl leeplng. 

In rural areas of Pakistan mud floors are very common. They are constructed with 

scrupulous care and are usually maintained In excellent condition. These floors are 

cheap, easily made and repaired, and last sufficiently long. They keep an even tem
penture both in winter and summer and are thus very satisfactory, panicularly In the 
home whose occupants move bare-footed. "' 

Brick floors are very common In areas where 100d, hard and well-burnt bricks 
are cheap and readily available. They are very durable, fire resistant and generally 

used for stores and godowns. 

The bricks used are the best available and are selected for their smooth face, good 

colour and hardness. They are laid either flat or on the edge In parallel rows breaking 

Joints or In herring-bone pattern or some other pattern. 

The surface over which brick flooring Is to be done Is thoroughly washed, scrubbed 

with wire brushes and given a coat of thick bedding mortar three-quarters of an Inch. 

The bricks are well soaked In water In case they are laid with mortar. 

In ca.se of dry pavement, the surface over which bricks are to be laid Is thoroughly 

watered, rammed and dressed to the required slope. The bricks are then laid dry 
over mud plaster (1enerally hair an Inch thick) lald over the base surfaee. -

TIie floors are now being extensively used In modern buildings. They are quite 

durable, fire resistant and good In respect of sanitation. Their maintenance cost Is 

relatively quite low. 

Some of the most common types of tiles used are: 

(•) CLAY TILES-They are manufactured In different shapes and designs. 
Most common sizes available In the market are (I) 1rxtt,c2• 

(ii) 12•x6"xl¼"; (111) 9"x.f¼"xli". 

(b) CEMENT CONCRETE/MOZAIC TILES-They are precast tiles and are made 
cenerally in sizes {I) 6"x6"; {Ii) 8"xB•; (111) 9"x9": and (Iv) 12"x12". Tiles of 

sizes 9"x 9" and 12",dl" are usually used In large floor areas such as 

hostels, club lobbies and store rooms. Smaller sizes are used In bath 

rooms, kitchen floors and walls. 

(c) GLAZED TILES-They are made of ball clay, China clay, China stone and 

flint. They are of two kinds: earthenware glazed and colour enamels 
and are available In different colours and sizes. 

In order to achieve a proper bond In case of ground floors the surface of the base 

over which ttles are to be laid is washed and scrubbed with wire brushes. In case of 

suspended floors the base (R.C.C. slab) Is roughened with wire brushes while It Is still 

green. Tiles are lald to the required pattern and design over a bedding mortar which 

ts generally three-fourths of an Inch thick and is evenly spread on the base. In case of 
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cement ,concrete, mvalc and glazed tiles the joinu are very thin and are not more 
than 1/16 of an Inch whereas In day tile flooring the Joints are 3/16 of an Inch wide. 

· f ; ...1rt..monl.c...!ilm~ Jolnu~~tlu:arborarulunutoneJn....ordCL..10....JeHl.lh----------
sllghr: projection or edges of mortar used for laying or tlles rlsln1 above the surface 
tiles. 

Marble slabs are laid over 3/4 of an Inch thick bedding mortar of I :2 lime surkhl or 

I :2 cement sand evenly spread on a base. They are so lald that the Jolnu are very 

tine I.e. not more than 1/16 of an inch thick which are well grouted In the lime putty. 

These slabs are available In dlff'erent colours, shapes and are laid In various paiterns. 
They are available In various thicknesses but In general a thickness less than lJ,4 of an 
Inch Is not recommended. Polishing of foinu is done with fine graded carborandum 
stone. The floor surface Is generally polished with putty powder. 

They are composed of chisel dressed slabs .or flags of stone lald to proper level 
on the base, The method of laying this floor is similar to that of tlle floors. The 

joints are, however, not as fine as In tile flooring and are generally 1/8 or an Inch. 

The flagure not less than I¼ Inches thick and the length and breadth ofeach stone are 
not more than -40 Inches and nor: less than 13 Inches. In superior quality work polish 

stone flags dressed and square all sides to the full depth are used and the flooring Is 
lald to pattern to achieve the desired architectural effect. 

They comprise cement concrete (1:2:'4) topping laid In panels over a base. Thick• 

ness of topping varies with requirement. l~_common practice the thickness varies 
from I Inch to 3 inches. When the thickness Is I½ Inches or more, It can be lald either 

In slngle or double layers. In later case half an inch thick weartnr surface composed 

of I part of cement and 2 paru of very fine auregate Is lald Immediately on the lower 

layer of cement concrete In the ratio of 1:3:6 by volume. To avoid cracks the area of 
a panel Is restricted r:o 16 square feet. 

This type of flooring may be described as cold and non-reslllent. It may be 
coloured with pigment, though It may lend a very good appearance. For factories, 

warehouses, lavatories, kitchens and houses It Is a satisfactory flooring. It Is also used 
as a base for other types of flooring e.g. mosaic or terrazzo flooring. These floors, 
lflald with care, are quite durable. Durablllty, however, depends upon: 

(a) Choice or a11regate (• hard touah aggregate is essential to good durability). 

(b) Water-cement ratio (a low water-cement ratio, compatible with work
ability Is essential). 

(c) Density ofthe flooring (durablllty increases with the Increase In density of 
the topping). 

Concrete flooring Is slowly attacked by acids, vegetable oil, fat, sugar solution and 

various other agents, and a prolonged exposure to these agents will bring about a 
1radual deterioration. 

All the factors that account for durability, tend also to reduce the rate of chemical 

attacks. 

Cement-wearing surfaces or toppln1s must be carefully laid using a minimum 
amount of water, trowelllng as little as possible and protecting aplnst dryJnc out for 
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at least ten days. Excessive trowelling brings excess water and laltance to the surface, 

causing hair cracks to form and the floor to give off dust. called dusting, which Is ob

jectionable. Topping applied to a hardened base should be struck off and compacted 

by rolllng or with tampers or vibrators and finished with a steel trowel. The 
use of dry cement or cement and fine aggregate sprinkled on the surface to stiffen the 

mix or absorb excess moisture Is objectionable because it may cause hair-cracking, 

scaJlng or dusting. Ousting may be prevented or remedied. to a large extent, by 

using floor hardeners, other preparations or painting. 

Painted surfaces are satisfactory when th_! amount of wear Is small, otherwise fre

quent painting Is required. Special paints are manufactured for use on cement floors. 
A cement coloured paint, of course, shows the less wear than paint of any colour· 
Paints should not be applied unless the floor has been In place for three or four 
months. Before painting, the surface should be thoroughly scrubbed with a 10 per cent 
solution of muriatic acid and washed to remove the acid completely. The floor 
should then be left to dry, after which a thin coat of paint Is applied. Three coats 
are usually required. Cement wearing surfaces are some time coloured and marked 
off to Imitate tile. Coloured cement floors finished with wax may be attractive In 
appearance. In case or artificial colouring matter, only those mineral colours which 
will not appreciably Impair the strength or the cement should be employed. 

Terrazzo-wearing surfaces are constructed In a manner similar to concrete
wearing surfaces, but a special aggregate or marble chips or other decorative material 
Is always used and this aggregate Is exposed by grinding the surface, 

This type of floor Is becoming more and more popular on account of Its highly 
decorative and architectural effect. It is more expensive than concrete, but cheaper 
than marble floor. It Is commonly laid In buildings where both attractiveness and 
durability tlre desired and can be laid Into a large variety of patterns and colours. It Is 
usually cast In situ over a hard concrete (I :2:4) as base with a sound, clean and rough 
surface. 
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Methods commonly adopted for laying the terrazzo surface are:-

1. I¼ Inches to¾ Inch layer of concrete Is lald where crushed marbles are used 
as aggregate. 

l. The top course Is made with a mixture of one cement and two marble chips 
laid not less than i Inch thick over concrete base, 

3. A layer of I :3 cement mortar half an Inch thick Is laid over the concrete 
base, the next day after the base has been laid. A terrazzo topping i of an 
Inch to¾ of an Inch thick consisting of one part of cement and two to 2¼ 
paru of marble chips well mixed Is laid and surface rammed to consolidate 
and finally trowelled light. 

4. A stiff' mortar of I cement 2 sand ls laid over the base course to a c:!epth of 
¾ of an Inch to one inch. Small c.1bes of various c~lours or pieces of 
terracotta are pressed Into the mortar wh!ch may be arnnged Into various 
patterns. Alternatively small lrre6ular:y shaped chips of marble are 
sprinkled over the floating coat of cement pressed Into the surface with a 
hand float and the whole consolidated by hand rolling. 
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These floors can be constructed In different colours by adding pigment to the 

cement. It Is recommended that pigment not more than 12 per cent of the weight of 

cement should be used: for Its excess reduces the strength of mortar. It Is preferred to 

mix pigment In white cement than In ordinary grey cement. 

Whichever method Is adopted for terrazzo topping not more than 70 per cent 
of the surface should be covered with marble chippings. In order to achieve good 
results water added to the mix should be just sufficient to produce a workable plastic 

mix, 

Terrazzo topping Is always laid In panels over the base to the required thickness 

achieved by bran or aluminum dividing strips. The surface is then grlnded with 

carborandum stone of different grades and then polished. 

Wooden flooring ls seldom recommended for ordinary dwelling houses on account 

of the high cost of timber of good quality. However, places like dancing halls, audltorla, 

usually have such floors. Wooden floors should not only be stiff' and rigid for the 

maximum load that they have to carry but should also be perfectly smooth to add to 

the beauty of the surroundings. They are normally cambered from I/~ of an Inch to 

I /30 of an Inch for every foot of the span to allow for bending. The following types of 
wooden floors are commonly employed these days: single floor, double floor and 

framed floor. In all types of floors planking Is carried by the bridging Joists. 

• SINGLE FLOOR-Wooden planking, in this case, rests In the single system of 

bridging Joists which span the opening. These Joists in turn rest on wall plate on 

either end and have to be as stiff as possible so that there is no difficulty In nailing 

planking to them. The basic requirement of a bridiging joist Is Its stiffness and rigidity 

for the maximum load the floor is to c:irry. For this purpose the timber is usually 

of greater strength than considered necessary by the usual design calculations. 

The bridging Joists have a sufficient breadth (normally not less that 2 inches) and are 
placed one foot apart as shown In the Figure 9. 

In general use, the single flooring does not have a span more than 12 feet since 

there Is a danger of the joists bulking or bending sideways. To prevent bulking 

they are strutted apart. 

• OOU8L£ FLOOR-In this type of floors the bridging joists do not span the whole 

room but rest on other joists placed at right angle to them called the binding Joists 

or binders. These binder joists are generally placed 6 to 8 feet apart and rest on walls 

as shown In Figure 10. 

As far as possible they should not be placed Immediately over window or door 

opening. If unavoidable, they should rest on strong wall plates or template, long 

enough to transmit the weight to the walls around the opening. Double floors are 

decidedly stiffer th;in single floors: they prevent the passage of sound better, but the 

weight of floors Is concentrated on few points on the walls. The depth of the floor 

also Increases with the height, which in-turn increases the total height of the building 

and adds to the cost. For this purpose these are normally used In celling of the roof 

and not on the ground floors. 

• FRAMED FLOORS-It Is not possible to have either a single or a double system of 
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jolsu where the span is greater. In such cases :another timber in the shape of a girder 

Is added and the binding jolsu are framed Into the main girder as shown In Figure 11. 

This generally weakens the girder considerably. To avoid It. the ends of the 

binding jolsu are separated by Iron stirrups. The rest of the arrangement Is the same 

as for double floor. However, girders and binders should be deep and as stiff as possible 

to eliminate danger or the celling cracking. 

Where there are fire places or flues In the wall no joist should be placed in the 

masonry for the fult width of the chimney breast. The ends of the jolsu should be 

carried by a trimming Joists, placed l feet away fLom the chimney breast and supported 

by the two joists which are outside the chimney breast. These two Joists should be 

provided by half an Inch for each joist supported by the trimmer, which may be of the 

same dimension. The space between the trimmer and lhc chimney breast is covered 

with stone flags or reinforced slabs. 

In ground floors. wooden floors are generally placed on two layers or concrete. 
The lower layer consists of lean mix of I :6:12 and the upper of I :2:.f mix concrete each 
3 Inches deep on which blocks or stone or brick masonry are placed at Intervals both 

along the length and breadth of the room. The joists, normally .f Inches by .of Inches, 

which are termed as bridging joists rest on these blocks. The planking In turn Is nailed 
to these bridging joists • 

The timber Joists and the plan king Is normally of deodar. Teak wood Is also used 
for the brld1lng joists and the planking In some of the ground floors. Since teak wood 

Is very costly, It Is sometimes used only for planking and the joists are made of deodar 

wood. Seasoned shlsham wood Is used for planking In some cases. 

Wooden floors are liable to rot :and decay, If adequate precautions are not taken to 

keep the timber dry and well ventilated. For this purpose, all vegetable soil should 

be excavated from the bottom of the floor and the surface covered with six Inches 

of concrete laid In two layers, the lower one a lean concrete and the upper one of 

I :2:.of mix. This saves the timber from wetting, as shown In Figure 12. 

The joist should be kept well above the ground level to allow a free current of air 

to pass beneath the distance between the concrete and joist which Is normally eight 

Inches. The fresh air Is admitted through the small openings nine Inches square kept 
on either end of the walls. 

Upper floors differ from ground floors In many ways. First, In upper floors. the 

Joists are placed across the shortest span ofthe space for the sake of strength and 

rigidity. Secondly, the support may be arranged on the walls having the smallest 

number of openings to avoid a heavy Joist on the opening. Thirdly, the jols;ts should, 

If possible, run continuously over partitions and/or Intermediate walls since It would 

add considerably to the stiffness of the rafter. 

F11ure 13showsatyplcal timber floor for an upper storey. The left hand plan 

Indicates the general layout of the timber Joists. The Joists run acron the par

titions while they are stiffened by light struts to avoid buckling. It Is Important to 

note how the fire place opening has been separated by transverse joists from the rafters 

to avoid the danger or fire. 
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• Sometimes the wooden floor Is not laid on a system of bridging Jolsu, but Is directly 

laced over a layer of concrete. This type of floors, commonly used In public and 

r;;ldentlal buildings conslsu of various kinds or hardwood fixed on a concme ffoor1 · 

order to form a decorative design or a geometrical pattern. • 

A wooden floor Is built with small blocks or hard seasoned wood to a pattern on 

the concrete floor which has been covered with cement mortar and scratched to make 

a rough surface and form a key for the mastic solution with which the blocks are 

fixed. 

The size of the blocks varies from 9 Inches x 3 Inches to 12 Inches ,c 41 Inches and 

are one Inch to one Inch and a h:ilf thick. There Is a Joint between each block which 

Is provided by a tongued Joint, a dowel or a dove-tall or by croove method. 

The sketch for the wooden floor above shows a part of a floor laid In herring

bone pattern. These blocks have dove-tailed grooves along their edges and mastic 

solution is laid In which these have been preserved. Care should be exercised to see 
that the mastic solution is very hot when block is dipped Into It. The blocks are 

deaned, planed, scrapped and glass papering is done after the floor has been lald. 

Subsequently the floor Is polished according to the gener:if procedure. 

There are different methods of providing a Joint between the planks which rest 

on the Joist. These are classified as: 

(a) Joints with visible fixing such as square grooved, rebated, etc. 

(b) Joints with secret fixing where the screws or nails are only driven on the 

exposed edges of the boards. 

In square joints nearly six battens are laid In position. One side is fixed, other one 

pushed together and the boundary Is lined out by a pencil. The other loose ouulde 
batten Is placed about half an Inch near the board already fixed and the others are 

arranged alongwith this. A plank is placed across them and two persons jump over It. 

This puts all the boards in position and close fit joints are obtained. In this way, they 
are nailed to the Joists. 

In other cases :m 3lmost slmil:ir process is used. The advantage of the second type 
I 

of jolnu listed above is that they do not have :iny visible fixings on the surface and thus 
give a good .urface on the top . 

Normally all timber In partition w:ills should be at least 4 inches thick. The Joists 
etc. should not be built In the walls where there Is a danger of decay. In fact, it should 
be embedded In the wall plue which m:iy consist of concrete :and the ends of the Jolsu 
should be tarred or dipped Into sollgnum to prevent rot of the wood work. 

In wooden floors, one of the most Important considerations Is to avoid sound 
transmission. The sound or noise can emanate both from rooms above or below the 
roof. Sound waves are partly refls_cced, absorbed and partly transmitted. Sound 
Insulation may be done by the following three methods • 

ters J,I , (a) By avoiding or reducing through timbers, the continuity of sound trans-
~ , I mission ls reduced. This Is done by keeping every founh Joist deeper In 
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section while still maintaining Its top surface. The deeper sections are 

partly buried In the wall section as shown In Figures , .. to 23. 

(b} By providing a double system of Joists, each being entirely different from 

the other, so that they do not transmit any sound waves to each other. 

(c) By providing felt, cork packing at the base of the rafters and by providing 

sound Insulation boards In between. 

Wooden floors are generally polished by wax polish details of which are given In 

chapter on painting and varnishing. 

NO, 24,1 EARTH FLOORING 

Specifications 

I. Unless otherwise specified, earth flooring shall be constructed in accordance 

with the following specifications. 

2. Earth (clay) shall conform to Specifications No. 3.1 of Clay. 

./ 3. Earth shall be placed In layers and shall be sprinkled with water and rammed 

to such an extent that a layer of 6-lnch thick loose earth evenly spread Is reduced to .. 

inches In thickness. The consolidated surface shall be such that a very faint Impression 

can be made on It with the heel of a boot or the blow of a rammer. 

... Earth flooring shall be measured by the superficial area of the floor. ;The unit 

of measurement shall be 100 square feet. 

S. The unit rate shall Include the labour required for the laying and consolidation 

of earth as per above specifications. 

6. The unit rate shall Include the cost of earth supplied at site In addition to the 
labour as detailed In the above specifications, 

NO, 24.2 MUD FLOORING 

Specifications 

f, Unless otherwise specified, mud flcorlng shall be constructed in accordance 
with the following specifications. 

2. (a) Earth (clay) shall conrorm to Specifications No.3.1 of Clay. 

(b) Mortar shall conform to Specifications No. 19.1 for Mud Moratr. 

3. Arter laying earth floors as per Specitlcatlons No. 2 ... 1 for Earth Flooring, the 

surface shall be finished with one Inch thick mud plaster with gobrl Jeeping conforming 
to Specifications No. 25.7 for Mud Plaster. 
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-4. Mud flooring shall be measured by the superficial area of the floor. The unit 
r:•r---..,..--. of measuretnent-shallw I 00 square feet. 

Muaurementt 

~~..:__-::-:-:----:--__ 
5. The unit rate shall Include the cost of labour for mua-ptauerlng..aruJ 1obrl \ 

leeplng In addition to the labour rate as contained In para 5 of Specifications N~o~. 22-44..Jl---------~-\L 
for Earth floortnr.. -

Labour late 

6. The unit rate shall Include the cost of earth, chopped bhoosa and cow-dung 
supplied at site In addition to the labour rate detailed In para 5 above. 

NO, 24,3 BASE FOR FLOORING 
" 

Specifications 

r. Unless otherwise specified, the base of all ground floors shall be constructed 
In accordance with the following specifications. 

2. (a) Sand shall conform In all respeas to the Specifications No. 6.1 (A) for tine 
acgregate except for its grading, I.e. It shaU pw through a sieve No. 16 and not more 

7 30 per cent shall pass through a sieve No. 100. 

(b) Concrete shall be either cement concrete or lime concrete conformln& to 
Specifications No. 20. I and 20.5 respec~ly. 

3. Earth (clay) conforming to Speclflcattons No. 3.1 of Clay shall be used forthe 
sub-base. Earth filling shall be done up to the specified level In a layer of six Inches and 
shall be properly watered and consolidated as specified In para 3 or Specifications No, 
l.f.l for Earth Flooring. The sub-base shall be properly levelled before sand filling. 

F Sand filling shall be done In layen not more than 3 Inches thick and shall be 
rammed after saturation to such an extent that a three-Inch layer Is reduced to about 
two Inches after compaction. 

S. Concrete shall be laid In one operation In a uniform layer ohpedfied thickness, 
absolutely true and parallel to the required level of the finished surface and to the entire 
satisfaction of the Engineer-In-charge. 

6. Concrete shall be cured for at least 7 days before any topping Is lald, The 
surface shall be kept wet and protected from earth. dirt or other foreign matter. 
Before laying the topping, the surface shall be washed and scrubbed with wire brushes 
so that the concrete and the topping are well bonded. 

7. Unless otherwise specified, the base shall be perfectly level. A slope of 1:64 
shall, however. be provided In verandah and bath rooms. 

8, The base shall be measured by tile superflclal area. The unit of measurement 
shall be I 00 square feet. 
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9. The unit nte shall lndude (I) preparation of sub-base (U) filling of sand. (Ill) 

laying and protection of concrete. (Jv) curing. (v) use o( all tools and planu required for 

carryln& out work In accordance with the above specifications. 

.._/ 10. The unit rate shall Include cost ofall the material required In the above opera· 

tlon and supplied at site In addition to the labour rate det:1lled In para (9) above. 

NO, 24.4 BRICK OJ TILE FLOORING 

Specifications 

I. Unless otherwise specified. brick or tile flooring shall be constructed In 

accordance with the following specifications. 

2. {a) Brick or tile shall conform to Specifications No. 4.1. for Clay Bricks • 

(b) Mortar shaH conform to Specifications No. 19.1 to 19.<f for mortars as 
actually specified. 

3, For ground floor the base shall be laid as per Specifications No. 2-4.3 for first 
AU: 

or subsequent floors, The top surface of roof slabs shall be roughened with wire 

brushes while It Is stlll green. 

.f. Bricks or tiles shall be wetted In accordance with para 8 of Specifications 
No. 21. I for Brickwork (General). 

S. The laying of bricks or tiles shall be plain, diagonal, herring-bone or any other 
specified pattern. 

6. (a) Where pointing Js not to be done the Joinu shall not exceed 3/161nchin 

thickness. The mortar ooz.lng out of the joints shall be struck off with 

trowel or wiped off' with damp cloth. 

(b) Where pointing Is to be done. the Jolnu shall not exceed 3/8 Inch In 
thlc:kness. The mortar In the Joint shall be raked out one Inch deep. 

while It Is still green. 

7. Unless otherwise specified, the Joints shall be flush pointed with specified 
monar. 

8. Before laying bricks/tiles the surface of the base shall be washed and scrubbed 

with wire brushes. Where bricks/tiles are to be laid directly on roof slabs the surface 

of the slabs shall be roughened with wire brushes while ft Is still green. 

9. The floor shall be lald on 3/4-lnch thick bed of specified bedding mortar 

spread evenly on the base. 

10. Bricks/tiles shall be laid with specified mortar In position on the bedding 

mortar. 
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~ orlng shall be allo'411~d to mature undisturbed. and protected from the 

effects of weTtner:-INhatt~~or at least 7 days after completion. If pointing 

Is to be done, it shall be kept wet for at ~ayttfte e completion of pointing. 

Protection 

12. Surface shilll be finished to specified levels. All Joinu shall be uniform, true Surface 
and parallel and square bricks shall be rubbed to ensure this where It Is very necessary. --
without extra con. 

13. No damaged bricks or tiles shall be used. Bats shall not be used except to 
close any course of bricks or tiles. Unless otherwise specified, the overhanging edge 
cf the pa·,tne shall bt finished off by special bull-nosed bricks. 

14. The me:uurement of brick or tile flooring shall be by the superficial area. Its 

unit Qf rate shall be 100 square fett. 

IS. The unit rate shall lnclude:-

(1) Washing, scrubbing and cleaning of base In case of ground floors and 

roughening and washing of the base slabs in case of upper floors. 

(ii) laying of bedding mortar over the base. 

(ill) Laying of bricks/tiles in specified mortar over the bedding mortar. 

(Iv) Protection and curing of the work. 

(v) Cost of providing tools and plants required for carrying out the work In 

accordance with the above specifications. 

The labour for pointing Is not included. 

16. The unit rate shall include the cost of all the material supplied at site as 

specified above. In addition to the labour rate deulled In para IS above. 

NO. 24.5 FLAGGED FLOORING 

Specifications 

I. Unless otherwise specified. flagged flooring shall be constructed In accordance 
with the following specifications. 

2. Stone from which the flags are made shall conform to Specifications No. 7. l for 
Stone. 

3. Mort.tr s 1.,IJ be as actually specified. 
,/' 

"4. For ground floor the base shall RC laid as per Spedftatlons No. 24.3. for sub

sequent floors, the top surface of roof slabs shall be roughened with wire brushes 
while it Is still green. 
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5. Flags shall not be less than one inch and a half in thickness. The length and 

breadth shall not be less than l.f Inches and more than 30 Inches. The st1e of fla1s 
shalt be such as to give uniform parallel counes. 

6. Flags shall be chisel dressed so as to have a flat surface. free from windings. 
All edges shall be accurately dressed. truly square to their full depth. flags projecting 
over the edges of verandahs or steps shall have their outer edges bull-nosed. 

7. Flags thall be soaked In water for one hour before laying. 

8. The thickness of joints shall not be morethan 1/8 ohn Inch. Unless otherwise 
specified, the mortar In Joints shall be made flush with a trowel. 

9. If pointing has been specified the flags shall be laid against wood or Iron 
strips of uniform thickness, so as to form Joints not less than 1 /'4 Inch wide. When 
a row of fl,1gs Is latd, the strips shall be removed and the open Joints shall at once be 
filled with spcdfied mortar, and shall then be flush pointed with specified mortar. 

10. Before faying flags, the surface of the base shall be washed and scrubbed 
with wire brushes. Where nags are to be laid directly on roof slabs the surface of the 
slabs shall be roughened with wire brushes while It Is stiff green. 

11. Flags shall be laid over specified bedding mortar not more than 3/+lnch 
thick. 

12. flags shall be placed In position and brought down to the required finished 
level and the joints shall then be filled with specified mortar. 

13. Flags shall be laid In the specified pattern. The courses thall be of uniform 
width and, unless otherwise specified, parallel to the wall having the main entrance. 
Flags shall break Joint In adjacent courses by not less than 8 Inches. 

14. The floor shall be proteaed from the etrecu of weather. During the pro
gress of work and for IO days after lay Ing, the noor shall be kept watered. Three d~r 
days shall be given for setting before anyone is allowed to walk over, but no weight 
shall be brought on the surface till 7 clear days have elapsed after the completion of 
laying. 

15. The flagged flooring shall be measured by superficial area. The unit of 
measurement shall be 100 square feet. 
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16. It shall include:-

(i} Washing, scrubbing and cleaning of bases (In the case of ground floor) and 
roughening, washing and cleaning of base slabs (in the case of subsequent 
floors). 

(11) Laying of 3/+lnch thick bedding mortar. 

{Ill) Laying of flags and fiUlng or joints with specified mortar. 

(Iv) Curing and protection of work. 
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(v) Use of all tools and plants required for carrying out work as per above 

speclflcatlQns. 

The labour for pointing Is not Included In the rate. 

17. The unit rate shall Include the cost of all the material supplied at site of work 

as per above specifications, In addition to the labour rate detailed In para 16 above. 

NO. 24,6 MARBLE FLOORING 

Specifications 

I, Unless otherwise spedfied marble flooring shall be constructed in .iccordance 

with the following specifications. 

2. Marble slabs of an approved qu:ility shall be used. 

3. Mortar and putty shall be as actually specified. 

<f. For ground floor the base shall be laid as per Specifications No. 24.3. For sulr 

sequent floors, the top surface of roof slabs shall be roughened with wire brushes 

while It Is stlll green. 

5. Marble shall be of the size. colour and pattern, as specified. 

6. All slabs shall have a true plain surface and shall be accurately sawn; truly 

square at edges to the full thickness. All marble slabs shall have a minimum thickness 

of 3/4 of an Inch. No joints shall be more than I/ 16 of an Inch In thickness. Slabs pro

jecting over the edges of verandah or steps shall have their edges finished with a bull

nosed ending. 

7. Before laying marble slabs, the surface of the base shall be washed and scrub

bed with wire brushes. Where they are to be laid directly over roof slab, the later 

shall be roughened while It Is still green. 

8. Marble slabs shall be lald over specified bedding mortar not more than 3/4 of 

an Inch thick. 

9. Slabs shall be laid In position on bedding mortar In specified pattern. The 

joints shall be filled with specified putty. 

10. The surface of marble slabs when laid shall be perfectly true, level, projected 

or sloped. 

11. The floor shall be protected from the effects of weather. During the pro
gress of work and for IO days after laytng, the floor shall be kept watered. Three clear 

days shall be given for setting before anyone Is allowed to walk over, but no weight 
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Polishing 

Measurements 

Labour Rate 

Composite Rate 

Scope 

shall be brought on the surface till 7 clear days have elapsed arter the completion of 

laying. 

12. When properly set the floor shall be rubbed with urborandum stone er with 

some other hard stone of approved quality and sand. When roughness Is removed, 

sand shall be washed off and the process continued either with very fine carl:oran

dum stone or with brick and emery powder. The surface shall them be finally smoothed 

down with a pumice stone. When the smoothing process has been completed, the 

surface shall be polished with putty powder rubbed by felt pads. 

13. The me~uremEint or m3.rble flooring ·sh:11 be dor.c by ch~ superficial area. 
The unit or measurement shall be IOI) !qu:irc feet. 

14. The unit r:itc shall lndudc:-

(1) Washing, scrubbl:,g and cleaning of bMc (In th~ case of ground flcor). 

(ii) Roughening, washing and cleaning of base slab (in the case of upper floor). 

(111) Laying of bedding mortar. 

(Iv) Laying of marble slabs over bedding mortar. 

(v) Filling of Joines with putty. 

(vi) Levelling. curing. polishing of marble slabs as per above specifications. 

(vii) Use of all the tools and plants required for carrying out work In accord
ance wlth above specifications. 

15. It include. the cost of all the material supplied at site cf work as per above 

specifications, In addition to the labour rate d!:tallcd In para I 4' above. 

NO. 24,7 GIAZED TILE OR CEMENT 
TILE FLOORINI 

Specifications 

Unless otherwise specified, the work of glued tile er cement tile flooring shall be 

done In accordance with the Specificitions No. 2-t.4 for Brick or Tile flooring In all 

respects, exc'!pt wJth the following modlficatlons:-

(1) Glazed tile shall conform to Specifications No. 5.3 for Glazed Tile. 

(ll) Cement tile shall be of an approved quality. 

(111) All tiles shall be laid In water (or 36 hours berorc they are laid. 

(Iv) The joints shall not be more than I /16 of an Inch which shall be grouted 
with cement, matching the colour of the tiles. 

(v) When necessary the tiles shall be cue with wire saw to the exact size 
having a clean sh3rp edge so as to have fine joints. 

(vi) Saw du:st shall be used as thi:! work proceeds for removing stains etc. 
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NQ. 24.8 CEMENT CONCRETE TILES, 
MOSAIC TILES FLOORING 

Specifications 

Unl~ss otharwisa ~p~cified, c~ment concrete tile or mosaic tile flooring shall be 
done In accordance with the Specifications No. 24.-1 for Brick or Tile Flooring In all res

pecu, except with the following modlficatlons:-

(1) Cement concrete tiles or mosaic tiles shall conform :o Specifications No. 
S. I for Cement Concrete Tiles. 

(11) All tiles shall be laid in water for 36 houn bdore they are laid. 

(Ill) The joints shall not be more than 1/16 of an Inch which shall be grouted 

with :.peclfied mort:?r. 

(iv) In case of mosaic tiles, the Joints shall be rubbed with very fine carboran
dum stone so that slight projections or edges of mortar etc. rising above 

the surface of tiles are le\'elled. / 

NO. 24,9 CONGLOMERATE FLOORING /. 
(CEMENT CONCRETE) 

Specifications 

I. Unless otherwise specified, the conglomeute flooring shall be constructed In 
accordance with the following specifications. 

2. Cement shall conform to Specifications No. 3.3. Fine aggregate shall conform 

to Specifications No. 6.1 (A). Course aggregate shall conform to Specifications No. 6.1 

(8). Water shall conform t~ Speclficatlor.s No. 2.1. 

3. For ground fl:>or the base sh311 be laid as per Specifications No, 24.3. For sub~ 

sequent floors, the top surface of roor slabs shall be roughened with wire bruihes 

while It Is stlll green. 

4. Unless otherwise spedfi~d conglomerate flooring shall consist of laying a topp· 
Ing or cement concrete of specified thickness ever the base. 

5. Unless otherwise specified, cement concrete used for topping shall be or the 
ratio 1:2:4 by volume and shall conform to Spcclficltlons No. 20.1 for Cement Con
crete. .. 

6. Before faying the topping, the surface of the base shall be divided Into symmet

rical panels by wooden or iron screeds. Unless otherwise specified the area of panels 
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Operation 
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D1Yld1n1 into 
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Preparation of Base 

shall not exceed 16 square feet. The top of the screed shall be adjusted to the specified 

level of the finished floor surface. 

7. Before the laying of topping the surface of base concrete shall be washed and 

scrubbed with wire brushes so that topping and the base concrete are well bonded. 
Where topping Is to be laid directly on roof slab, It shall be roughened while It Is still 

&reen. 

Mixing and Placin1 8. Mixing and placing of concrete shall be In accordanc:e with Specifications No. 
20.1 for Cement Concrete. .. 

Consolidation 9. Pladng operation shall be specifically timed. No sooner the concrete has 
been evenly spread In a panel, than It shall be beaten for about 5 to IO minutes With 

.. wooden thaples" (about S lbs weight). 

Finishln1 I~. Immediately after consolidation, the surface shall be levelled with a wooden 

Curl"I 

Pruervln1 Panels 
already Laid 

Measurements 

Labour Rate 

Composite Rate 

trowel. Excessive trowelllng In the early stage shall be avoided. The surface shall be 

tested with a straight edge to detect undulations, which, if found, shall be eliminated. 

The flner stuff In the concrete which has come to the surface with the stroking shall be 

quickly but carefully smoothed with the steel trowel. When the concrete has har
dened sufficiently, trowelllng shall be done with steel trowel. No dry cement or a 

mixture of dry cement with sand shall be sprinkled on the surface for hardening the 
surface. 

11. The concrete for topping shall be cured In accordance with para 29 or Specifi

cations No. 20. I for Cement Concrete (General). 

12. After 2-t hours or laying, the screeds shall be removed and str/ps of non

absorbent paper placed against the exposed side and folded over the finished surface so as 
to prevent concrete of adjoining panels from adhering to the edge or spreading over 
the finished surface. Panels shall be laid alternately, where possible; the adjoining 
panels shall be lald at an Interval of 2-t hours. 

13. The conglomerate floor shall be measured by superficial area. The unit o 
measurement shall be 100 square feet. 

14'. It shall lnclude:-

(1) Washing, scrubbing and deaning of base (In the case of ground floors). 

(Ii) Roughening, washing and deaning of the base slab (In the case of upper 
floors) • 

(Iii) Dividing Into panels, mixing, placing, consolldatlon, finishing and curing 
of topping concrete. 

(iv) Providing, using and removing of screeds. and use of other tools and 
planu for carrying out work In accordance with above specifications. 

IS. It shall Include the cost of all material supplied at site as specified above, In 

addition to the labour as detailed In para I -t above. 
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NII: 24.10 CONGLOMERATE FLOORING 
(TWO COAT WORK) 

Specifications 

Unless otherwise specified, the conglomerate flooring (two coat work) shall be 

constructed In accordance with Specifications No. 24.9 for Conglomerate Floor (Single 
coat) except with the following modlfications:-

(i) ltshall be laid ln two layers with a top layer half an inch thick. wearing sur

face composed of fine aggregate and cement conforming to Specifications 

No. 6.1 (A) and No. 3,3 respectively and a bottom layer of cement 

concrete conforming to Specific:itions No. 20. I of specified thickness. 

(ii) Unless otherwise specified, the cement concrete for the bottom layer 

~hall be composed of one cubic foot of cement, 3 cubic feet of fine aggre

gate and 6 cubic feet of coarse aggregate by volume and shall conform to 

Specifications No. 20. I of Cement Concrete. 

(iii) Unless otherwise specified, the ~urfacc l3ycr ~hall compose of one part 

of cement and two part~ of fine 3ggregate by volume. 

(iv) The bottom layer sh:ill be brought to a level so that cop layer shall have a 

minimum thickness of half an inch. The bottom layer shall be thoroughly 

compacted by tamping but shall not be finished smooth. While 

the bottom layer is still plastic, the top layer shall be pl:iced ov,.r it and 

levelled with a steel float :after light tapping for five minutes. 

NO. 24,11 TERRAZZO FLOOR 

Specifications 

I. Unless otharwise spec1fi.?d, terrazzo floor shall be constructed in accordance 

with the following specifications. 

2. (a) Marble chips shall be of the approved grade, colour, size and quality. 

Flooring 

(b) Cement sh.ill conform to Specifications No. 3.3 Coloured Cement, when

ever used, and shall be of an approved quality. 

(c) Fine aggregate shall conform to Specifications No. 6.1 (A) -
(d) Course aggrega~e shall conform to Specifications No. 6.1 (B) 

(e) Water shall conform to Specifications No. 2.1 
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Bue 

Proportion 

Thickness 

Panelt, Mlxins, 
Pladn1 and 
Consolidation 

Finlthlnf of Bottom 
Layer o Concerte 

Preparing Surface 
of Bottom 
Concrate 

Drtldln1 Into / ,...... V 

Larln1 

Drylns 

Face Grindln1 

3. For ground floor the bue shall be laid as per Specifications No. 24.3. For 

subsequent floors, the top surface of roof slabs shall be roughened with wire brushes, 

while It Is still green. 

if. Unless otherwise specified, the cement concrete used for bottom layer shall 

be of the ratio I :2:4 volume, conforming to Specifla.tlons No. 20.1. for Cement 

Concrete. 

The mozalc topping shall consist of 2 parts of marble chippings and one part of 

cement by volume. 

5. T!_le topping shall not be less ~/8 of an Inch thick and shall be laid mono· 
llthlc with the bottomraye;:-or cement concrete (I :2:4) of specified thickness. The 

total thickness of the topping and cement concrete shall not be less than I I Inches. 

6. In respect of size of panels, mixing, placing and consolidation, bottom layer of 

cement concrete shall conform to paras 6 and 8 of Specifications No. 24.9for Conglo· 

merate Floors. 

7. The bottom layer of concrete shall not be smooth finished but shall have a 

rough surface so that it shall be well bonded with the mozaic topping. 

8. Before laying manic topping the surface of bottom layer of concrete shall be 

cleaned. It shall be free from dust, plaster or other foreign matters. 

9. For pannelll ng the floor, dividing strl ps of brass, copper, zinc or other sped fied 

material shall be used. The panels shall coincide exactly with the panels of bottom 

layer of concrete. DMdfng strips shall be to the full depth of topping. The strips 

shall be added In a manner that their tops are in ie"vel with the re;ired finished 

surface of the floor. 

10. The topping shall be laid while the bottom concrete Is still plastic preferably 

the next day after the bottom concrete has been laid. If the surface is not plastic, a 

slurry of neat cement shall be brushed on to it immediately before the topping Is laid. 

The terrazzo mix shall be placed on the bottom concrete and compacted by tamping. 

11. After laying the topping, the surface shall be covered either with damp 

hesslan cloth or wet soft wood sawdust and every precaution shall be taken to pre· 

vent Its being subjected to the effects of weather. The flooring shall be maintained 

In a damp condition till it Is fit for grinding. 

12. The grinding of terrazzo shall commence 3 days after the laying Is completed. 
The grinding of the flooring shall be done manually preferably with machine of 

approved type. 

'430 

(a) The first grinding shall be done with an approved coarse abrasive (carbo

randum bricks or disk) by sprinkling fine sand over the surface and by 

using an ample quantity of water to assist the grinding. The flooring shall 

be washed clean with plenty of water till trace of ground mud Is 

removed and marble chips are visible. 
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(b) All holes or open pores shall be made good with neat cement. the grout 
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being well worked Into the surface by rubbing with a stone and finishing 
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treated shall be kept damp till the floor Is ready for the second grinding. 

{c) The second grinding shall be done after about S days using an approved 

medium graded coarse abrasive (carborandum bricks or disk). and pores, 
If any, shall be treated similarly as after the first grinding. 

{d) The final grinding shall be done with an approved fine graded carborandum 

stone and the surface thoroughly washed down with water. 

13. After final grinding the floor shall be thoroughly washed. Tartaric or powder 

oxalic acid shall be sprinkled over the floor and rubbed with gunny bags wrapped 

round rods. The floor shall be allowed to dry and then more oxalic or tartaric acid 

shall be rubbed with cloth pads. 

14. When floor is completely dry, the final gloss shall be given by an approved 

wax polish. 

IS. The terr:iuo floor shall be measured by the superficial area. Its unit of 

measurement shall be 100 square feet. 

16. The unit rate shall lnclude:-

{i) The labour rate as per para 13 of Specifications No. 2-4.9 for Conglomerate 
Flooring, except for finishing and curing operations. 

(ii) Preparing surface of bottom concrete. 

(iii) Dividing Into panels, mixing, pouring, curing, surface grinding, final finish
Ing and polishing. 

(iv) Providing, using or removing of screeds for mozatc topping and use of all 

other tools and plann for carrying out work In accordance with the above 
specifications. 

17. The unit rate shall Include the cost of all material supplied at the site of work 

as per above specifications, In addition to the labour rate as detailed In para 16 above. 

NO. 24,12 DRY BRICK PAVING 

Specifications 

I. Unless otherwise specified dry brick paving shall be done in accordance with 
the following specifications. 

2. (a) Bricks shall conform to ~eclficatlons No. -4. 1 for Clay Bricks. 

(b) Sand shall conform to para 2 (a) of Specifications No. 2-4.3 for Base for 

floorin_1. 
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Pr1parin1 Surface 

Laytn1 

Measurements 

Labour Rate 

Composite Rate 

Floor Bearers: 
Ground Floors 

Floor Bearers: 
Suspended Floors 

Floor Bearers: 
Material and Fixing 

Preservatives 

(c) Mud monar shall conform to Specifications No. 19.1 for Mud Mortar. 

3. The ground surface shall be thoroughly watered, weU rammed and shall be 

dressed to the specified slope, camber or cross grade. 

-4. Bricks shall be lald dry, on edge or flat In the specified pattern over half an inch 

thick mud plaster given on the surface. The joints shall not exceed one quarter of 

an Inch In thickness. After laying the bricks the Joints shall be sand grouted. 

S. The measurement or dry brick paving sh:i11 be by the superficial area. Its unit 

of measurement shall be I 00 square feet. 

6. It shall lnclude:-

(1) Preparation of surface. 

(11) Laying of mud plaster. 

(111) Laying of bricks on mud plaster and grouting with sand. 

(iv) Use of all the tools and plants required to carry out work according to the 

above specifications. 

(v) Sweeping away all surplus sand and cleaning away all debris or broken 

bricks. 

7. The unit rate shall Include the cost of brick, mortar and sand supplied at site 

of work, In addition to the labour r:ite detailed In para 6 above. 

NO. 24,13 WOODEN FLOORS 

Specifications 

I. In the case of ground floors, floor joiots (bridging joists) shall rest on pilla.rs, 

dwarf walls, rails or beams as may be specified. 

The plinth under the flooring shall be excavated to the depth specified by the 

Engineer.In.charge and dressed level and rammed. If directed, a layer of lime concrete 

shall be laid as specified under "concrete", otherwise dwarf walls or pillars shall be 

built on a lime concrete foundation. The dimensions and spacing sh:ill be as Indicated 

In the drawings or otherwise directed by the Englneer•in•charge. 

2. In the case of upper floors, the bridging joists shall rest on wall plates, beams, 

rails or on other joists as shown on the drawings, or otherwise directed by the Engineer

In-charge. 

3. The timber for the floor joists shall be of the kind specified :ind shall be in 

accordance with the general ~pecifications for wood work. The full number of joists 

for each continuous floor shatl be laid and dressed to one level and tested before flooring 

is commenced. 

'f. All joists, wall plates, bearers, and the underside of planking shall be given two 

coats of hot wood preservative such as sollgnum, creosote, or coal tar, as directed by 
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the Engineer-In-charge. The rate docs not Include this work, which shall be paid for 

separately acc:ordlng to the rates for painting with these materials. 

• • S. The boarding for the floor shall not be planed on the underside In the case of 

round floors and suspended floors to be coiled. Unless otherwise spec;fied or shown 

In the drawings, In the case or deodar, kall or chlr wood, the bo.irds or battens shall be 

I½ Inches thick, not _more than 6 Inches wide and ct more than 20 feet long. In the 

case of teak they shill! be I Inch thick, -4 Inches wide and as long as possible. No board 
shall be less than 6 re~t long, the ends being truly squared up after ,my split portion 
has been sawn off. All boards shall be uniform and parallel In width and shall have the 
same thickness. 

6. The planks sl11II b ! planed true on one side (on both sides for uncoiled upper 
floors) the edges to be planed, rebated or tongued and grooved as directed by the 

Engineer-In-charge. Unless otherwise specified, the edges shall be tongued and 

grooved, with concealed joints for teak wood floors, and rebated joints for other 

floors. 

7. The outer lines or boarding shall be accurately fixed paralleled with and close 

to the wall. Each subsequent line shall have the side joints carefully Joined up and shall 

then be cramped Into position by floor cramps, and nailed or screwed as specified, so 

that the heads shall be sunk below the finished surface of floor, or otherwise fixed with 

"secret Joints". The cramps shall not be removed until the nails or screws have been 

flxed. The ends or plank ~hall rest on the centre of Join, and the ends of no two 

adjacent planks shall be on the s:ime joist. Paved floors shall be stopped under a brass 

strip screwed to wooden floors where the two meet. 

8. The nails or screws shall be subject to the approval or the Engineer-In-charge 

and shall have a length at least twice the thickness of the plank, two being used at each 

end and one at every Intermediate joist alternately on opposite sides of the plank. All 

screws shall be oiled before Insertion. 

9. After the Ooor has been laid, it shall be planed In both directions and made 
perfectly smooth. All depressions In the wood, nail holes and all small defeaa of 

every kind, where permitted by the Engineer-In-charge to remain In the work, shall, 

unless otherwise specified, be filled with "Beaumontage" or stopping out wax con• 

forming to Specifications No. 27.1. 

I 0. The measurement of wood flooring shall be done by the superficial area. 
The unit of measurement shall be 100 square feet. 

11. The unit rJtc sha1I Include the floor boarding laid and fixed In position and 

planed In both directions, provision of brass screws In the case of teak wood floor where 

concealed flxing is not employed. Works like sand papering, oiling, waxing. stalninc 

or varnishing are not covered and shall be paid for separately. The unit rate does not 

Include Joists, wall plates, bearers, beanu, rolled steel joists, rails, concrete or masonry 

pillars. Payment for these shall be made separately. 
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ND, 24.14 RIIBBIII FLOOIIIG 

S pecillcations 

I. Rubber flooring shall Include rubber floorings. either plain or marbled, 
in sheet or tile form and shall be composed of vulcanlxed rubber compounds. This 
flooring may be provided In Important buildings, Important offices. hospitals, cinemas, 

hotels, restaurants, etc. 

2. Rubber tiles shall be satisfactorily vulcanized. free from sulphur bloom, 
porosity and grit. The wearing surface shall be smooth. plain and the colour or the 
flooring shall not be noticeably affected by washing with water or with suitable cleans
Ing material such as good quality soap or by treatment with a suitable floor polish. 
Thestandard thlckneu ofthe rubber flooring shall range from 1/8 Inch to 1/2 Inch. 
Rubber tiles shall comply with standard hardness. accelerated ageing, co1Tpresslon 
set and water absorption tests conc:iined In the relevant British Standard Spec,fjcations 
No. 1711 : 1951. 

3, The flooring sh.all be made from good quality new raw natural rubber in 
conjunction with other suitable c~mpoundlng Ingredients. The finished flooring 
shall contain not less than 35 per cent by volume of good quality new raw natural 
rubber. 

-J. Cement concrete or any other solid and hard surface shall form the base 
for rubber fl~~ring. The surface of the base shall be thoroughly cfean, and free 
from cor1tamination of dust, moisture oil or grease. Any irregularity on the base 
shall be filled In and levelled off before faying the tiles. 

S. The base sh311 be prepared as specified under base. While laying the rub
bertiles. areas not exceeding 2Ssquare feet at a time shall be coated with the approv
ed adhesive ffl3terial. Sufficient number of til~s for this area shall be first roughened 
at their bo~to:n surface and all sides, and then treated with the adhesive material. 
Ten to IS minutes shall be spent waiting after this, for exposing the coated surface to 
the air before fixing the tile In true position on the base. After laying the tiles, 
pressure shall be applied from the upper surface of the tile, to remove any air that 
may have been trapped In between the bounded surfaces. This shall be done with the 
help of a small hand steel roller or by an approved method. The finished surface 
shall be washed With soap and water after three days. 

6. N~ load shill b? ap?lied on rub!>:r tiles within three days of Its laying. 

7. The unit of measurement shall be I Oil square feet of the paved area. 

8. l\ate shall Include the cost of rubber tiles, adhesive mixtures, and all 
labour required for preparing the base and laying the rubber tiles as specified 
above. 
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CHAPTER 25 

SURFACE RENDERINGS 

(A) PLASTERING 

Introduction .. 
Definition and Uses Plaster is a ma.tcrl:il used In a plastic st::ite, which can be trowelled to form a hard 

covering for Interior or exterior surface~. walls, ceilings, etc., in any bullding or struc-

..... 
Surface Preparation 

Coats 

Materials 

- ------ ------

ture, 

Plasters are applied to bases of bricks, nones, hollow tiles, or concrete masonry, 
and to wood laths, metal laths and gypsum laths or similar materials finished In sheeu. 

A stiff wire brush 15 used to remove all loose dust from joints, and the surface Is 
then thoroughly washed with water. Plast~ring should not be done on too much 
wet walls, because the results will not be satisfactory. 

A good key Is essential to a succ:essfol rendering and to avoid cracking and cr:izing. 
All joints In the masonry are raked to a depth of at least hair an inch with a hooked too! 
specially made for the purpose and not with trowel or hammer. This Is to be doile 
while the mortar is still green and not later than 48 hours or the time or laying. 
After raking. the brickwork 1s brushed to ramovl? .111 loose du .. t from the joints and 
thoroughly washed with water. (In case of old walls, it may sometimes be advisable 
to ensure a good key for the? new rendering by destroying the smooth surface of th~ 
brickwork with some tool.) If the walls are washed with a solution of I part hydro
chloric acid to IO pares w:itcr, i:: will brlng the grJlns in brickw.,rk to the surface. 
This solution Is le~ on for about quarter of an hour and then washed off with water. 

Plaster may be applied in one, two or thr.?e coats; two :.re usually sufficient, but 
three should be applied only on wood or m~tal lathing or on a very rough, uneven 
background. The thickness of the first coat has to be just sufficient to fill up all un
evennesses in the surface. The sec:ond and subsequent coats :ire thinner than the 
first. and no single coat has more than half an Inch of thickness, becau:e thick coats 
shrink more and crack. Under-coats or coars~ stuff' are allowed to dry :ind shrink 
properly before subsequent coats are :ipplied; otherwise cracking and cr:zing is bound 
to occur. A good key for all stages or plastt'rlng Is essential. The frc~hly planered 
surface Is scratched or roughened before It has fully h3rdened, to form :i mechanical 
key for the second coat. The method or application of the mix influences the adhesion; 
the mix sticks bett~r If thrown on than If applied by trowel. 

Various materials employed for plastering have been described in detail in 
chapter No, 19 (M-,rtar). A rich mix tends co develop larg~ cracks; a weaker one 
develops finer and distributed cracks. A strong coat ls never applied over 3 weaker 
one since the latter would be unable to restrain Its movement. (Also see Morta.rs 
for plastering at the end.) 
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The lime used for plastering ranges from fat Ume to strong hydraulic lime. F.at 
lime Is most commonl)· used on account of Its yield of Ume putty and ease in application. 
But hydrated llme is sdtne time preferred because it can be used Immediately on Its 

, preparation. while the ordinary lime has to be slaked by hand and kept In the form of a 
• :fl"' putty-till-ilaklr.g-ls-qulte-a>mplete,--However.-freslHlakecHlme-is-superiol'-in-quallt-y.-

: ~ 

e 
5 

k 
d 
d ,, 
,; 

n 

e 

r 
'$ 

""' 

Coarse. sharp sand Is used with lime. Lime and sand plaster Is weak and soft and takes 
a long time to harden. Fine stuff for finishing coat Is made by mixing water with a 
thoroughly slaked llme to bring it to the consistency of cream; It Is then left to settle. 
Superftuous water Is either poured off or allowed to evaporate till the cream attains 
proper thickness. An equal volume of sand is then added. To Improve their quality 
lime mort:irs are sometimes gauged With cement or surkhl. Lime plaster on walls 
which have to be whitewashed is not finished very smooth to allow the whitewash 
to stick to the surface, The plastered surface is kept wet for several days to prevent 
It from cracking. 

Cement plaster Is done exactly In the same manner u described above. The 
mortar Is sometimes gauged with fat lime to Improve Its properties. Cement/llme/ 
sand mortar hardens slowly and reduces the Incidence of cracks; the addition of lime 
also makes for easier :ippllcatlon. Sand used should not be very fine. The plastered 
surface Is l<ept wet and allowed to dry slowly, avoiding draughts :ind exposure to exces
:;lve heat from sunlight for several days so as to prevent it from cracking. To ensure 
an even thickness and true surface, patches of plaster about four to six Inches square 
or wooden screeds three inches wide and of the thickness o( the pl:ister may be fixed 
vertically about six to IO feet apart to act as gauges. Trowels for plastering have a 
face measuring about IO Inches x 4½ Inches. Wooden trowel!; produce a sandy granular 
1urface. 

There are usually the following three types of finishes falling under this head. 

(a) ROUGH CAST-A wee plastic mix of 3 parts cement, I part lime, 6 pares sand 
and 4 parts of shingle graded between :l• and i• or crushed stone, which Is thrown on 
the wall by mean~ of a scoop or plasterer's trowel. 

(b) P£88f.£-OASH-A 3/8· coat of I part cement, I pan lime and S paru und Is laid. 
Shingle graded between t• and ½• is thrown while the coat is still soft. 

(c) ORNAMENTAL FINISHES-A mix ofapproximately I part cement, I½ parts Ume 
and 6 parts. sand which after application is finished by the use of combs, trowels, or a 
special tool. 

Lathing constitutes a convenient base in some form of construction for plastering 
on walls and ceilings. Metal lathing. the most commonly used, is fixed to timber 
support by galvanized wire n:uls or staples :it short distance, It ls also often used to 
bridge the junction of two dissimilar backgrounds, or to provide a suitable key for 
plastering over a wooden beam. Metal lathing may be of expanded metal or woven 
wire, etc., which should weigh not less than 12 lbs per 100 square feet. except when 
used to provide the key. Lathing is stretched tight with the help of some tension 
device such as mild steel rods since plaster would crack on a loose lathing. After 
cleaning the rust, If any. the lathing Is brushed with cement slurry. Most common 
defeas In plaster on metal lathing are utenslve cracking, particularly along the line of 
fixing of the lathing to Its support or unevenness of the finished plastered surface. 

Surface Renderings +f3 

Ume Plaster 

Cement Planer 

Architectural 
Plaster Finishes 
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Defecb In Plaster 

Repairin1 Cracks 

Mortan for 
Pluter1n1 

Mortar 

Various defects observed on plaster alongwith their causes are given below-

(a) CRACKS-Cracks briefly occur on account of (I) Structur31 defects In building 
and discontinuity of surface. (11) Plastering on very wet background. (Ill) Old surface 
not properly prepared. (iv) Over-rapid drying. (v) Excessive shrinkage or the plaster 

owing to thick coats and richer mixes. 

(b) PITTING AND BLOWING-These defocu 3re noticed in case or faulty slaking 

and hydration of the lime particles In the plaster. 
( c) FAWNG OUT-Planer falls out mainly on account of (I) Lack of adhe~lon (or not 

having formed a proper 0 key" In the background (11) Excessive moisture in the back
ground {Iii) E>tcesslve thermal changes either 1n the background or In plaster Itself. 
(i·,) Rapid drying. (v) Insufficient drying between .each coat of plaster. 

Hair cracks generally dlHppear with whitewashing. Wider cracks can be filled In 
by fordng down a mortar consisting of plaster of paris, cement and sand In the propor• 
tion of I :l:7 by wel1ht. The mortar should be prepared in a quantity which must be 

consumed #lthln half an hour. 

The rollowln1 proportions (by volume) or dry material are su,cested. 

Cement Sand Lime Paste 

General I lto 6 
Watertl&ht mortar I 2 to 3 1/ 3 to 1/2 
Undercoat I 4 to 6 I 
Finishing coat I 9 l 
Watertight finishing I 10 to 12 3 
For chimney breasts I 8 to 10 3 

(B) POINTING 

The surface of the work Is prepared as explained under "Plastering". When 
commencing masonry each day, the first thing to be done, if the surface Is to be subse• 
quendy pointed, ls to rake out the face joints of all masonry finished the previous day. 
The joints are properly wetted In old work before pointing; for the mortar will not 
stick to a dry surface. The work pointed ts kept wet for :it least three days. There are 
about half a dozen types or pointing, but the most common are the flush, weathered and 
grooved or ruled. Weathered pointing Is used for horizontal lolnts and grooved for 
vertical lolnu of walls; flush pointing Is used for floors and all vertical and horizontal 
joints In walls which are to be whitewashed. 

Normally, pointing is done with mortar having the following mix ratios:-

Cement Sand Lime Paste Surkhl 

Outside work I I to 3 
1/3 - I I to 2 

1/2 to I 
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• (C) WHITEWASH 

Whitewash, which Is the cheapest water paint and has the dulrabfe sanitary pro
perties, Is prepared from pure fat lime (white stone) or shell lime. Preferably, un
slaked lime Is brought to the site of work and slaked there. After slaking It Is kept In 
a tank of water for at least cwo days and then stirred up with a pole till It attains the 
consistency of a thin cream. Where necessary, gum or rice water (2 Ozs. of gum for I 
cfc of lime) Is added. Sometimes flour, skimmed milk, glue, molasses or other subs
tances are mixed In the staked lime to Increase Its adhesion. Preservatives such as salt 
or formaldehyde are added to keep these substances from spoiling. Whitewash may be 
tinted by using pigments and should be strained through a coarse cloth or a fine wire 
gauze before use. 

All loose material ;ind dirt on the surface must be removed with a brush. Holes 
and irregularities of surface are repaired with lime putty, and the surface Is allowed to 
dry before applying whitewash or colour-wash. Similarly dusting and repair are done 
to walls which have been whitewashed several times before. All greasy spots are given 
a coat of rice, water and sand. Surfaces discoloured by smoke are washed with a mix
ture of wood ashes and water or yellow earth before being whitewashed. 

Each coat o( whitew.ssh comprises four strokes applied vertically and horizontally. 
One stroke Is given from the top downwards and the other from the bottom upwards 
over the first stroke before It dries up, and similarly one stroke from the right and 
another from the left over the first brush. Each co.st Is allowed to dry up before the 
next Is applied. Normally three coats are applied on the new surface. 

Keeping in view the various principles on which the hydration of quicklime depends, 
the following methods are employed for slaking different types of lime: 

(a) HANO SLAKING 

(i) By drowning-High CJlcium lime or fat lime Is slaked by drowning the particles 
in a tub cont:ilning enough quantity or water. The tub Is covered to preserve the heat. 

(ii) 8y Immersion-Feeble hydraulic limes are slaked by Immersion. They are 
put In a basket which is Immersed In a tub filled with water. The basket Is withdrawn 
when the sound or the reaction becomes apparent. The exact period of Immersion 
Is a matter of experience. 

(111) By SprinkUng-Hydraulic: !Imes a.re usually slaked by this manner. They 
are spread on a specially prepared non-ferrous platform and water Is sprinkled by mean1 
of a cane with a rose. Simultaneously the limes are turned over with spades. The 
slaking operation Is accelerated, If the limes are Initially pulverized In grinding mills. 

(Iv) Air Sia.king-According to this method lime takes moisture from the air when 
kept In an exposed condition. This process of hydration Is also accompanied by the 
formation of a ceruin proportion of calcium carbonate by taking carbon-dioxide from 
the air and in this way lime Is spoiled. Besides, It Is difficult to control this process. 

(b) MECHANICAL SLAKING OR HYDRATING-Hydrated lime ls produced on a large 
scale with the aid of various types of ~echanfcal appliances. It may be produced In 
a specific quantity each time or the process kept continuous. By whatever method 
the hydration Is done the following points must be observed:-
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Whitewuhln1 
Cement Concrete 

Treatment of 
Surface 

,...,....t1on of 
Surface 

Cement Wash 

• Only the necessary quantity of water should be added to th: lime at a uniform 

rate. 

• Ume and water must be thoroughly mixed. 

• The temp,rature of hydration should be properly controlled by a suitable cool

ing rnethod. 

A hydrating plant essentially consists or a crusher and a hydntor with a suitable 
storage unk and silos, and contains devices for conveying the material from one unit to 
the other. Hydrated lime Is then passed through a sieve of 20 to 30 meshes to an inch 

to yield a powder of the required fineness. 

Cement c.oncrete surface requires treatment prior to whitewashing. 

Surface Is scraped off'wlth a wire brush to remove greasy patches, if any. and washed 
with soap-suds. A coat of sodium slliate and water In the ratio of I ;5 Is given to avoid 

any future scaling or flaking off. 

Half to one part (by weight) of tallow In small lump: is added to 16 parti of quick 
lime, slaking It with only just sufficient w:iter to form a thick paste, stirring occasionally 
to assist In dispersing the tallow, and allowing It to stand till It cools down. The resul
tant paste Is thinned down to a required conslscency, Is str:ilned and applied on the 
surface In the usual manner. In the absence of tallow, other oils or fats (for c:camplc, 
linseed oil or castor oil or some common v.?getable oil) about I 0% of the weight of 
dry lime are added to serve this purpose. If oil does not Incorporate with the lime, 
the mixture Is bolled a little till the oil disappears. In this way it becomes an 
Insoluble soap which when once dry cannot be washed off even with heavy rains. 

Cement wash Is simply a thin grout made of Portland cement and water and of 
such a c:onslstency that It can be applied with a brush. Fine sand is sometimes added. 
This wash may be coloured, If desired, but with cert.lln tints it Is desirable to use white 
Portland cement. Paints consisting of two p3rts of P~rtland cement to one part of 
lime are usually used. 

(D) CDLOUR·WASHIN8 
Colour-washing Is nothing more than a lime-wash coloured with suitable pigments 

and treated to give a desired tint. It Is applied exactly In the same fashion 3S the white
wash. The old paint Is scraped off' or a c:oat of whitewash Is applied before the new 
colour Is given. Gum or rice water Is added as In whitewashing. 

To give an idea as to how a colour Is Imparted to whltew:i.sh a brle( description Ii 
given below for the preparation of: 

Suffcalour: 4 lbs of lime are slaked with 2 gallons of water to which 10 Ozs of 
brown earth dissolved In f/4 gallon of water Is added. To this mixture Is added 2 
Ots of gum bolled In 1/8 gallon of water. It should then be strained through a 
cloth and applied. 

Green colour: 4 lbs of lime are slaked with 2 gallons or water to which are added 
7 lbs offresh mango bark bolled for two minutes In halh gallon of water and 2 lbs 
of nllla tootya (blue stone or vitriol) boiled In half a gallon of water. The mixture 
J!; strained and applied. 
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.. (E) DISTEMPERING 

Diatemper forms a cheap, durable and easily :applicable decoration for Internal 
use or plastered, cement concrete and various wall-board surfaces. 

There are diffarent types of distempers like oll•bound washable paints, washable oil
free distempers, non-washable distempers and emulsion paints, which have been 
described In detail In Part I. The distemper mixture should be prepared only In a 
quantity that must be consumed In a day's work and Is kept well stirred during 

~ppllc.nlon. 

All loose and flaking materials are removed from the old walls by scraping or 

wire-brushing. The newly-plastered or whitewashed surface Is either treated properly 
or distempered 12 months after plastering or whitewashing when It has become suffi

ciently dry. In case of cement plaster the surface Is washed with a solution of I lb of 
zinc sulphate In one gallon of water and then allowed to dry; before distempering 
It Is wiped With cle:m cloth to remove any efflorescence. Distempering yields poor 

results In wet locations and hence must be done In a dry weather. 

To get good results a priming co3t, If recommended by the makers, must be applied. 

It often happens that fresh coats of distemper pull off the old ones-as the old coats 
absorb water from the new adhesion weakens, and as the new coats contract whllc 

drying they tend to pull off the old ones. Two coats of distemper, In addition to a 

priming co.at, are applied on newly-lime-plastered walls. But on old lime-plastered 

walls covered with one or two coats or hard, dry whitewash, one coat of distemper after 

a coat of warm glue without a priming coat will do. On previously distempered sur
face one coat of distemper w~uld do if the new coat is of the same colour as the old 

I 
one. 

Oiscemper is applied with a broad stiff brush (and not with the whitewash 

brush). It 1s first applied horizontally and then Immediately crossed off perpendi
cularly. Brushing Is not continued too long. as the distemper gets sticky and leaves 
brush-marks. After e.ach da,'s work the brushes are washed with hot water. 

NO. 25.1 GENERAL DEFECTS IN PLASTERING AND 
THEIR REMEDIES 

Specifications 

J. Unlcm oth~rwlse specified or directed by the Englneer-ln-char1e the followln& 
measures shall be adopted to remedy defects and faults Incidental to plaster work. 

.. 
(I) Fine aggregate (san-.:1) shall be clean and free from all impurities. It shall be 

washed bafore use. 
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(U) lime shall be properly slaked before use. 

(111) A proper key shall be provided. 

(Iv) The background shall be kept moist, but exceulve moisture shall be avoided. 

(v) Proper curing shall be done to eliminate excessive and rapid thermal changes. 

(vi) Each coat shall be allowed to dry before the next is applied. 

2. The scaffolding for plaster shall always be double. 

3. Plastering shall be Inspected by the Engineer.in-charge or his :authorized 
representative when the work ls In progress an! after Its completion. The following 
points will be kept In view while making the Inspection. 

(I) If wood ski rtlngs are specified, the pl:a.sterlng has been finished tight on to 

them. 

(11) The surface checked by means of straight edge and tips or the fingers Is 
perfectly even. 

(111) All intricate places like soffiu, cupboard and their recesses, specified to be 
plastered, have been properly plastered. 

(iv) The work h:a.s been properly finished at che junction with other materials 
such as woodwork at window and door openings, fireplaces and slmil:a.r other place,. 

(v) If wood angle-beads are specified, they are of proper section, under cut for 
key, securely fixed, and the plaster has been finished up to them In :a proper manner. 

(vi) Spedal care has been taken of cornices and moulding sections. The templates 
shall be thoroughly checked and compared with the approved drawing. 

(vii) All ornamental work is true to design and securely fixed and bonded. 

(vUJ) If Keene's or other hard plaster angles are specified, they have been duly 
executed. 

(ix) In eXternal stucco, rough cast, or pebble-dashing, the coats are of even 
thickness and are uniformly laid. 

(><) The plastered surface struck with the knuckles does not give hoUow sound. 
If It rings hollow, It ls an Indication of insufficient adhesion between various coats of 
plaster. 

Remedies of Defects 4. Hair-cracks on fresh plaster normally disappc3r after whitewashing. But 
wide cracks shall be filled in by forcing down mortar consisting of plaster of parls, 
cement and nnd In the proportion of I :2:7 , unless otherwise specified or. directed 
by the Engineer-in-charge. 

Surface areas showing pitting, blowing, popping and blister shill be remedied by 
cutting out patches In rectangular shape, under cutting the edges to form a dovetail key 
and making good on a portland cement ground. 

All these remedial measures shall be carried out by the contractor at his own 
expense. 
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NO. 25.2 CEMENT LIME 01 PUCCA PLASTER 
(SINGLE caAn 

Specifications 

(i) Before plastering, the join:s o( old brickwork or m:uonry shall be raked 
out with a hook (not hammer or tessi) to a depth of half an Inch. In case of 
new masonry In cement or lime to be subsequently pl:istered, the joints 
shall be raked out a: the end of day's work before the mortar has set. 

(ii) The earth and mort:ir dust coming out of these joints as a result of rak
ing shall be washed off, :ind the work watered for 24 hours before 

plaster is applied. 

(Iii) All putlog holes shall be filled L'f before plastering, :is the scaffolding lor 
masonry is being t.iken down . 

2. Unless otherwise specified or directed by Engh1e1:r-in-charge the arrJses of 
.ill corners of door and \Yindow jambs shall be plastered with mortar compoesd of 
one cubic foot of portland cement to three cubic feet of sand. 

The mortar shall be prepared In accordance with S?ecifications No. 19.4 of lime 

cament mortar. 

3. All precautions as contained In Specifications No. 25. I shall be strictly 

Qbserved. 

4. (i) Unless other.vise specified or directed by the Engineer-In-charge or his 
authorized subordinate In writing, wooden ~creeds three Inches wide 
and hilving a thickness equal to the plaster shall be fixed vertically 8 feet 
to 10 (eet avart to act as gauges and guides in applying the plaster . 

(ii) The arrises shall then be plastered for a space of four inches en each side 
and up to tne ceili.,g, except in case of openings where it shall run around 
them. This plaster shall also ser:/e as a guide for thickness etc. Un
less otherwise specified or directed by the Engineer-In-charge all corners 
and arrises shall be rounded off to 3 r:idlus of 3/4 Inch only and no 
m:>re . This work is lnduded In the unit rate or plastering. 

(iii) The mortar shall be fald on the wall between the screeds, using a plasterer's 
float for the purpose and pressing mortar so that the raked Joinu are 
properly filled . The plaster shall then be finished off with a wooden 
straight-adge reaching across the screeds. The straight-edge shall be 
worked on the screeds with an upw.ird and sideways motion. two Inches 
or three lnc:hes at a time. Finally the surface shall be finished off with a 
plasterer's wooden float. Metal floats shall not be used. 

(iv) The plaster shall be laicko a true and plumb surface and tested frequently 
with a straight-edge and plumb-bob. The straight-edge shall not be less 

than 10 feet in length. As the work proceeds, all horiIOnt:il lines and 
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surfaces shall be tested with a level, and all Jambs and corners with • 

plumb-bob. 

(.,) All mouldlnJs and decorations shall be worked true to template and shall 
be neat, clean, level, and parallel, or truely plumb, as the castmay be. 

(vi) Unless otherwise specified, plaster shall not exceed half an Inch In thick• 
ness and shall not be less than quarter ofan Inch at the thinnest part. 

S. After completion, plaster shall be kept wet for IO days and shall be protected 

during that period from extreme fluctuations of temperature and weather. 

6. All defects detected shall be treated at the ccntracrl:lr's expense according to 

Specifications No. 15.1. 

MeuuNmentl t 7. Plastering shall be measured by the superficial area, no deduction being made 
Al •• 

7 
--,,,,4.t for the openings of any size or additions For returns and soffits. The unit of measure

f--.M<; ,J>, • .( ttJJ_ ,
1

;
8
; ment shall be I 00 square feet. Ornamental work to be finished and pla:.tered shall be 

l · rr,, measured ancl paid separately and their unit of measurement shall be one foot (linear). 

Rate 

u .. 

Application of 
Prellmlnary Coat 

__,-,--' 
-, 

8. The unit rate shall lnc1ude:-

(a) When only labour rate i, to be paid. 

(I) Preparing. cleaning and watering the surface t:, be plutered. 
(11) Pluterln1 surfaces and corners as per above specifications. 

(111) Curing and proteetlng the plaster after c:ompletlon for 10 days. 
(Iv) Providing, erecting and removtn1 scafl'oldlngs. 
(v) Providing tools such as speclal floats, stralght·ed1es, levels and plumb

bobs. 

(b) Whe:1 rate for completed Job Is to be paid :

{I) All Items mentioned In ( a) above. 

(11) All mortar usd at site of work. 

NO, 25.3 CEMENT LIME OR PUCCA PLASTER (TWO COAT) 

Specifications 

I. Where, owu1~ to the lrr.!zul .. rities of surfa:a t ~ ba plastered (as In the case 
of 9-lnch brick w:11: or certain other cb1.,ses or mas:,,iry), It is not poulble to obtain 
an even surface with a. single floated coat hair an Inch thick, a preliminary coat shall 
be applied before the finishing or floated coac. The combined thickness of the 
two coats shall not exceed one Inch at any point. 

2. (a) After preparing the surface and fixing the screeds as detallcd In the 
Specifications No. 25.l for slngie coat, the first or preliminary coat shall be applied 
to an uneven surface by the woo~en floats and kept half an Inch behind the sum:e 
ohhe screeds. The surface sh1II be kept wet for at least four days or so till It sets. 
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b) Befor,e It sets, the preliminary coat shall be scratched with a sharp tool to 
form a key for the floatef or final coat which shall be finished In accordance with 

11 
. Spedflcatlons No. 25.2 for single coat, aft~r the prellmlnary coat has been cement 

washed. 

... In aU other respects the Spectficatior.s No. 25.1 for pl3ster In ieneral and 
Specifications No. 25.2 for single coat shall apply. 

25.4 PUCCA PLASTER COLOURED AND POLISHED 

Specifications 

I. When it 1. not required to subsequent!/ paint, distemper or colour-wash the 
lime plaster, It shall be finished to the final coiour and polished. Plasterer's putty shall 
be used for the finishing c:>::. 

2. Unless oth~rNise specified pl3~terer's putty shall be made ,.5 follows:-
(!) PJre fat lime sh11ll be sl.ik.:d 3nd the:1 immersd In water for :lt least 4'8 

h:>urs. The lime shall then be thoroughly stirred with water and strained 
through muslin cloth. On settling, the surplus water sh:ill be removed 
and forther water allow.?d to evaporate, till the paste becomes thlck 

enough for use. Suitable pigments are added to It to obtain the desired 
colour as directed by the Engineer-In-charge. 

3. (i) The finithlng coat of plasterer's putty prepared as above shall be applied on 
the floated coat after It h3s set. The ffo:ned coat shall be finished according 
to specifications for single ccat or ccuble coat, as the case may be. 

(ii) The thickness of this coat shall be 1/8 cf an inch unless otherwise specified. 
The surface shall be rubbed smooth with a SU!el pbsterer's trowel to give 
It a polished surf:l:e. 

4. In all other respects not s;,edfled here It shalt conform to relevant parts of 
Specification, No. 25.1, 25.2 and 25.3, as the :ase may be. 

NO, 25,5 PLASTER ON EXPANDED 
METAL OR LATHING 

Specifications 

I. (1) Expanded metal or similar metal fabric ;,r lathing shall be free from all 
rust, grease or other surface Impurities, before plastering can be done. 

(11) When wooden lathing Is used the wood shall be cleaned, slightly roughen• 
ed and two coats of (creosote) or other wood preservative shall be given. 
lathing shall be erected to break J~lnt. 

Sul(ace ftenderlnis 4'51 
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Mortar 

First Coat 

Flnl1hln1 Coat 

Other Respect. 

Preparation ol 
Surface 

Preparation of 
Mortar for 
Renderln1 

2. Unless otherwise specified two coau of plaster shall be applied. The m:mar 
for both the coats shall be I :3 cement mortar prepared as per Spec:IRcatlon1 No. 19.2 
except that for the first coat 3/4 lb or fine chopped jute or hemp shall be added and 

thoroughly mixed with each cubic foot of mortar. 

3. The first coat shall be 3pplied in such a way as t.:, enclose the fabric completely, 
or In the case of wooden lathing, to form a se,:~re key between the lathes. The coat 
shall be worked to an even surface half an inch behind the screeds 1'1d kept wet for 
four days or tlll It sets. 

4. Before the first coat h:1s set the surface shall be scratched with a sharp tool .. 
both ways to give a key to the fl~ated coat. All dust an:i loos~ plaster shall. be washed 
off, the surface shall be cement-washd an :t n~ated c:>Jt shall then be applied and fin:sh
ed strictly according to the Specifications N:>. 25.2 for plastar single c:>at. 

S. In all other respec:t5, it ;!ull conform t,;, relev;int portions of Specifications 
No 25.1 an:I 15.2 
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NO. 25.8 CEMENT RENDERING 

Specifications 

I. {I) The :.urfacJ t:> bi? ren:fered shitll b.: th.,roughly cleaned, and dust 
loose particle;, greise :ind oil stain; sn:ill b~ ra ,ioved by wuhing, using 
a wire brush, If necessary. 

t•i) Brickwork, st:>ne ma.sonry or c::,ncrete sh:111 bi? prep:ired to receive the 
rendering by h3rklng. r:iking out jolnts to a small depth not more thin 
i•, or In the case of hardened concrete by beating a thoroughly saturated 
surfoce bf I :6 solution of hydrochloric acid and wa:er, washing down 
within she hours and wire brushing so as to e><p:>ie the a::re:ate. tr the 
Englneer-ln·chargl! thinks that the surface so prepared provides a good 
ke/, a single coat or rendering 3:8· tot· thick shall suffice. 

(Ill) If, hoN,wer, a good key is not obtained, a bise coat or coarse sand aud 

cement In the proportion or It parts sharp sand ¼" down to I pzrt 
cement, mixed In sufficient water. shall be applied. The mixture shall be 
dashed on to the wall fn :1n unev1m m.anner. 

2. (1) Aggregate. cement anJ w.ster shall conform to respective specifications 
as contained In Part I, Volume I of Book of Specifications. 

(II) Th! grading of aggregate shall be f' down for key coat and 1/&• down 
for finishing coat. 

(111) The proportions of cement and aggregate for key coat shall be I :3 and for 
backln& or finishing coat I :I½. A mortar of required consistency shall 
be prepared by adding water from 12 to 16 per cent of the total volume of 
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aggregat! and cement for backing coat and 14 to 18 per cent for liulshing 

coai:, unless otherwise specified or directed by the Engineer-In-charge. 

l. (i) BACKING COAT-It shall be laid to a uniform thickness of 3/6" ilnd just 
after the materi::il has started to set, it shall be scored in wa.,y lines by a 
wire-nail comb to form .i bond for the next coat, ar,d the work then allowed 

to set for at least 30 hours. It shall be kept damp for that period. 

(ii) FINISHING COAT-Unless otherwise specified or directed, the finishing 

coat shall be 1/8" thick. The backing coat {base coat) shall be washed 
clean and the finishing coat applied evenly with care. 

4. The finishing coat shall be protected from the sun, hot winds or rain by wet 
screens till it has hardened sufficiently to remain unaffected by the external application 

of water. le shall then be watered and kept damp for :i period of at least seven days 

and allowed to dry as slowly as possible. 

5, The surface shall be divided by joints to prevent cracking, and these Joints 
shall be placed horizontally at the sill and lintel levels of windows and vertically at 
opening In wall angles and corners, 

6. In respect of removal of defects, measurement and rates, it shall conform to 

Specifications No. 25.1 and 25.2. 

NO. 25,7 MUD PLASTER 

Specifications 

I. Mud mortar for plastering shall be prepared as per Specifications No, 19.1. 

2. The plaster shall be spread evenly over the wall so as to be not more than 3/4 
Inch thick. In case of roofs and floors, its thickness shall be l Inch. After spreading, 
the plaster sh:i.11 be flo:ited with a straight-edge, till the surface is perfectly smooth, 

level and true. Any cracks that open out during dr)lng shall be filled with liquid 
cow•dung. 

3. (i) When the surface has dried, it shall be feeped over and finished off with a 

trowel or float in the case of walls and roofs. In the case of floors, It 
shall be applied and finished by hand. 

(ii) The leeping shall be done With a preparation described below:

Cow-dung Is steeped In water to render It free from grass, straw, seeds 

:ind other impurities. If conildered necessary, It shall be passed through 

a fine sle~e. An equal part of finely-powdered clay shall then be mixed 
with It thoroughly In S tub. 

4. In respect of measurement and rate, it shall conform to Speciftcatlons 
No. 25.2 
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NO, 25.8 POINTIII 

Specifications 

I. (1) Before pointing old brickwork or new brickwork In mud, the Joints shall 
be raked out with a hook (not hammer) to a depth or half an Inch. If, for 
any reason, the Joints in new brickwork In lime or cement are not struck 
as the work proceeds, they shall be nked out before the mortar sets. 

-{II) All earth and mortar dust coming out or the Joints as a result of raking 
shall be washed off and the brickwork watered for 24 hours. The face 
shall once again be washed Just berore starting pointing. 

(111) The surface prepared in the manner described above shall be inspected 
by the Engineer-In-charge or his authorised subordinate, and shall be 
approved by one or them before aaual pointing begins. 

2. Unless otherwise specified various types or pointing suitable for different 
slluatlons shall be as follows;-
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(o) DEEP OR STRUCK LIME POINTING 

(IJ Thh type or pointing shall be done to all unplastered faces or brick
work In mud. Its colour shall match with that of the bricks. 

(ii) The mortar 5hall be prepared as per Specifications No. 19.3 for Lime 
Mortar. 

(111) The mortar shall be filled in the joints flush with masonry or brick
work with a pointing trowel and then pressed In with proper 
pointing tools. Lining With a spike on a mass of mortar shall not 
be allowed. 

(b) 0£f P OR STRUCK CEMENT POINTING 

(1) This type of pointing shall be done to all unplastered faces of brick
work In mud where the brickwork Is liable to be affected by damp
ness and saltpetre, such as In plinths o( buildings. 

(11) The mortar shall be prepared as per Specifications No. 19.2 
for Cement Mortar. 

(111) The mortar shall be filled In the joints flush with masonry or brick
work with a pointing trowel and then pressed In with proper 
pointing tools. Lining with a spike on a mass of mortar shall not 
be aUowed. 

(c) FLUSH LIM£ POINTING 

(i) This type or pointing shall be done to all unplastered faces or brick
work In mud, where the finish of the faces Is not Important or where 
the face Is to be ultimately whitewashed or colour.washed. Brick, 
tile or other paved floors shall also be pointed In this fashion. 
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(11) The mortar shall be prepared as per Specifications No 19.3 for Lime 
Mortar. • 

(111) The mortar shall be filled and pressed Into the joints with a pointing 

' . 

trowel. and finished off levetwflh,heed~brldcr-n,-g1v------------
the smoothest possible appearance to the work. 

/ (d) FLUSH CEMENT POINTING 
,;' 

(1) This type of pointing shall be done to all brickwork with an exposed 
face, when the finish of the face Is not lmponant or when a flush 

floor surface Is required or when the floor or brickwork Is sub)1ct 
to wear or to the effects of dampness and saltpetre. 

(11) The mortar shall be prepared as per Specifications No. 19.l for 

Cement Mortar. 

(111) The mortar shall be filled and pressed into the joints with a pointing 
trowel, and finished off level with the edges of the bricks to give 
the smoothest possible appearance to the work. 

(e) RULEO POINTING 

(1) This type of pointing shall be done, when specified, to brickwork 
not liable to be flushed with water. 

(ii) The cement or lime mortar as actually specified shall be used. These 
mortars shall be prepared as per Specifications No 19.2 and 19.3 
respectively. 

(Iii) The mortar shall be filled and pressed Into the joints with a pointing 
trowel, and finished off level with the edges of the bricks and shall 
then be ruled along the centre of all Joints with a half round tool 
1/l"wlde. 

(() STRIKING JOINT 

(1) All new unplastered faces of work In cement or lime mortar shall 
be finished by striking joints as the work proceeds according to the 
relevant part of Specifications No 21 .1 contained under brickwork. 

(ii) In case of walls, joints shall be struck by raking out the green 
mortar after the brickwork has been laid, and finished with a 
pointing tool. 

3. The pointing tools for horizontal Joint shall be such as to form weathered and 
struck jolnu; and for vertical Joint, triangles, so as to make a (v) notch in the joint. 

Care shall be taken not to develop a cutting edge In the tools since the Idea Is to 
compress the green monar Into the Joints and not to cut it away. 

4. The mortar shall not be spread Irregularly over the edges and corners of the 
bricks, which shall be left clearly visible. The praaice or smearing mortar over 
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defects in bricks, to hide them, shall not be allowed and shall render the whole brick

work liable to be rejected. 

5. After pointing, the face of the work shall be cleared off all surplus mortar stick

Ing to the face. No washing shall be done till the pointing has set. 

6. Lime pointed work shall be kept wet for five days and cement pointed work for 

10 days after completion. The work shall be protected during that period from ex

treme fluctuations cf weather. 

f_ 
7. Pointing shall be measured by the superficial area. 

shall be 100 square feet. .. 

The unit of measurement 

t, -i-10 

8. The unit rate for pointing shall include:

(a) When cnlt labour rate Is to be paid 

(i) Raking out joints, deaning and watering the surface to be pointed, 

(11) Pointing the surface as per above specifications. 

(IU) Curing and protecting the pointing after completion for 10 days. 

(iv) Provision, erection and removal of scaff'oldlngs. 

(v) Provlsion of all tools required for pointing. 

(b) When rate for completed job is to be paid. 

(i) All Items mentioned In (a) above. 

(Ii) All mortar used at site of work. 

NO, 25,9 WHITEWASHING 

Specifications 

I. (i) The surface shall be clean, smooth and completely dry before whitewash 
Is applied. 

(11) New plaster to be whitewashed shall not be trowelled to a glazed sur
face, because whitewash would not adhere to It, 

(IU) The old loose whitewash shall be removed from walls previously white
washed, and the surface thoroughly cleaned. 

(iv) Ir the old whitewash is not loose, but is discoloured by smoke, It shall be 
treat!!d by a wash of wood-ashes and water before whitewashing. 

_ / (v) When the whitewash and plaster are in a deteriorated condition or 
V" repair, they shall be either pulled down completely or cut In squares and 

new patches put in as directed by the Engineer-In-charge or his authorized 
subordinate. As soon as these patches dry up two extra coats or white
wash shall be given prior to the regular coat. The work or scraping old 
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whitewash and deteriorated plaster and of repairing the plaster in whole 
or in p:>tdte:. is not included l,1 thi? unic rata and hence shall be payable 
separately . 

2. Whitewash sh311 ba prep3red frum pure fat lim:! brought to cha site of work 
In an unsl:iked condition and In oraer to slake the lime water shall b.! .idded to I: in a 
tub till the mixture attains the conshcency of cr(!am, and Is allow.::d co rest for 24 to 
-t9 hours. It shall then ba strained through coarse doth 3ncl 4 ounces or gulfl or rice 
dissolved in hot water shall b~ added to each cubic foot of it. 

l. (i) Whltcwl:.h shall bi: applied with a brush. Each coat shall consist of four 
!;trokes, one In (:ach direction. 

(ii) EJc!l co1: or w;il:ew;..il siull ba? allowed t.> dry and Inspected by the 
Engineer-in-c:targ.? or his authorized subordinate. Th~ nex: coat shall 
not be applied unl.::~s the previous one has be;;n ap;,ro·,ed by either of 
chem. A dry coat muit not sho,v :my ~•gn of cr1c:kinf, nor must 
whiLewash come off readily 01, flnzi;rs when rubi.:i.::d. 

(1,i) Wnitewash, when c:>mpl.!ted, shall form an opaq.ie coat of uniform whit~ 
colour, througn W,lich tin o!J w.:>rk doe, 11ot shoN ;ind shall preienc a 
srn:>:>:h r.?gJ!ar surfa:i fre~ from po·,v,:hry mat:.!r. 

i 4. Whicewlihi:1g siull b;i m~~sured by superficial an::i . The u,,it of measure!1'ent 

l shall be 10) square foet. J .. .t /'-.. ,.1,.,, a._-.,G.,J' u~ 

A-I c. ""'" ~ o/ ,p/tN ~, 
5. The unit rat~ ~hlll includi=:- 1 ' • 

(.1) Whan only labour r l , ;: is to be plid. 

(1) The preparation <>f surfa:~ and w:1iu:wast1ing :a pu ao:>,c sp.:cifi i;.:;
tions. 

(Ii) Th.? prov1s:o:,, er~c:ion J;d rcm:>,JI of s,;aff'.Jldiag and l.idd ?r~ 
(shot wich gunny bJgs .it bocn und3 to ps"event dam1ge to th.? fl .:>or 
:in-:f wall;), 

(iii} The protection oi floor, fixed fu rniture-, doors and windows, as well 
:is :ill such places and things as Jre not to be whitew:ished. These 
places .ind thing. 5h:ill be protected from all dropr,ii1gs and slashes 
01 whi;:ewa:h, if any, 3nd cbancd. 

(iv) Provlaion of :ill tool~ and bruihes required for wnit.::w.uhing. 

{b) Whtn rate fur completed j.:tb h, to o~ pJiJ, 

(I) All teems m;?ntl~ncd In (a) ab:r,;:. 

(ii) All m1cerials required for the pre;;,1r.1:i.:tn of llm~w1sh as p::r :ibovi! 
$pecifications. 
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NO, 26,10 COLOUR•WASHING 

Specifications 

I. The surface to be colour•washed shall be prepared according to the S?eclfica

tlons No, 25.9. (1) for Whitewashing. 

2. The colour•wash shall be prepared by adding the ncceuary colouring pigment 
to the whltewuh which has baen strained. 1:he mixture shall be stirred thoroughly 

and passed through a clean. fine cloth. Only such quantity of wash shall be prepared 

as can be consumed In a day's work. 

3. (1) New or scraped surface shall be given a coat of whitewash, prior to 

colour.wash. 

(11) Old surface. when the colour•wash Is satisfactory. shall be given only one 
new coat of colour-wash. 

~ (111) When replacing one colour with another of a lighter shade, the old colour 
shall be thoroughly scraped and a coat of whltewa~h givan before 
the new colour Is applied. 

(iv) Each coat of colo\Jr-wash shall be allowed to dry and shall be inspected by 

the Engineer-In-charge or his authorized subordinate. The next coat 
shall not be applied unless the previous one has been approved by 
either or them. 

(v) The completed wall shall be of a uniform colour, fr:ie from blots, lines 

or cut shades, and shall present :1 smooth regular surface which shall 

neither crack nor come off readily on fingures when rubbed. 

(vi) Each room shall be finished in one operation and work shall not start 

/ 

in a room so late that It cannot be finished the same day. 

4. In all other respects not specified here, it shall strictly conform to Specifica
tions No. 25.9 for Whitewashing. 
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NO. 25, 11 DISTEMPERINB 

Specifications 

I. (1) Unless otherwise specified or directed in writing, a newly-plastered wall 
shall not be distempered earlier than I l month~ after the pluterlng. 1£ 
distempered earlier, the plaster shall be treated with damp-proof com• 

pounds . 

• 
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(11) Distempering shall not be done In damp weather nor when the weather 

• is excessive~ hot and dry. 

• :W. - 1:--(t)-Newly•plastered--surrac~hei»bsolutely-dr..y.-shalU,e.....sand,papeced_ to Pnpantl111, ... , .,.u'-"-, __ _ 

remove all Irregularities, making good Inequalities and holes with gypsum, Surface 

'" 

'\ 

3. 

which shall be allowed to set hard. Unless the surface Is perfectly clean 

and smooth, no pleasing effect shall result from dlstemc,er. 

(11) Old plastered surfaces sh311 be thoroughly cleaned. If It Is whitewashed 
or colour-washed, It shall be rubbed off with und-paper or cocoanut 

fibre In Clse It Is loose and then stopped and sized. 

(iii) After rubbing .ind cleaaling, illl plastered surface, old or new, shall be 
size,j with a coat or equal parts of size and alum dissolved in hot water. 
Decomposed size s"all not be used under any circumstances. Where 
the makers of the distemper recommend a special priming coat, only 

that coat shall be applled. 

(ii.•) If the exl.stlng surface Is cleaniy dl:.tempered all the distemper shall 
not necessarily be removed. The surface shall be smoothed down with 
glass pap.:r and any fir ;n disttamper that remains on the wall after such 
rubbing sh:ill be left. 

(1) Unless otherwise specified ready-ma:le distempars sh:ill b'e obtained 
from the market as they are easily a-.all:iLle. 

(i i) Distempers shall be mixed strictly In accordance with the maker's ins
rructlons or as directed by the Englneer•ln-charge, and the quantity 

shah be just sufficient for the da/s work. 

4. (i) Oiscemper shall be applied only with proper brush!s as supplied or re-
commended by the maker. The brushes shall be wash£d In hot water 
after work each dily and hung up to dry. Old brushes caked with dry 
distemper sh:i.11 not be allowed to be us(;.d on th4! work. 

(ii) Distemper shall be applied quickly and boldly leaving no dry edges. The 
brush shall be dipped in distemper and stroked cross-wise on the wall, then 

immediately stroked up and down and stopped. 

(111) Unless otherwise specified or directed two men shall work on a wall 
together, one working from the ceiling downwards as far as he can rea:h 
and the other following him applying the distemper rrom below. No 
patchy overlap shall be allowed under any circumstances. 

(iv) Unless otharwlse specified. the following number of coats of distempers 
shall be applied:-

(a) On newly-plam:red walls two coats over one coat of priming. 
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(b) On old-plastered walls covered with one or two coats of hard dry 
whitewash free from efflorescence or kalar, one coat without 

priming coat. 
,/' 

Meuurements v '· S. In respect of measurement and rates It shJII conform to Spe;clficatl~r.s N:,. 15.9 

for Whitewashing. 
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WOOD WORK 

Introduction 

Wood work Is the process of converting timber Into a desired 1hape and erecttnc 
It Into Its final position. It Is mostly carpenter's and Joiner's work. 

Carpenter's work Includes all work on timber used In roofs, floors, verandu, 
staircases, doors and windows, frames, bridges, centrings, shores, struu, large gates, 
and generally all wood work of which the scantling exceeds three-quarters of an Inch, 
except In ase of battens used in roof trelll1-works which is specially moulded or carved. 

When the thickness of carpenter'• work does not exc~ed two Inches but lu width 
eKceeds twice the thickness, It Is called "planking". 

Joiner's work includes furniture, doors and windows, turned and carved, or 
moulded work of all kinds. 

Glossary of Terms 

A glossary of terms usually employed In wood work Is given below:

A board used to form a finish at the edges of the floor around a stair well. 

The trim to a door, window or other opening. 

(Note.-Not to be confused with facing.) 

A sharp external angle. 

A thin member closing a Jamb or head of a cased frame. (See figure 6) 

A vertical Individual member of a balustrade, (See figure 8) 

The Infilling between a handrail and a string, landln, or floor. (See fl1ure 8) 

The assembly of this type of shutter Is composed of vertically V-Jolnted, toniued 
and grcoved battens tied together by ~ cross. 

Same as battened and l~dged, but braced against sag. 

A rounded moulding which may have one or two quirks. 

A panel, flush wfth the framing, finldled with a bead on two opposite edges only. 
(See figure -4) 
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Carpenter'• Work 

Joiner'• Work 
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led Mould 

Blocldnp 

Bolection 

Borrowed U1ht 

Bottom Rall 

Brackats 

Carria1e 

Cued Frame 

Cuement 

CaMment Door 

Casement Window 

Chamfer 

Clear Span 

Combed Joint 

Core 

Cover Strip 

Door 

Dead LI1ht 

Door Frame 

Door Linin1 

Dowel 

Effective Span 

FanHpt 

Fillet 

---"1!!:',__ ~ 

A panel, flush with the framing, finished with a bea.d on all edges. (See figure '4) 

A moulding under a window be:a.red or shelf. 

Pieces of timber fixed as stiffeners In the angles of casings. ~s in the heads or 

sash windows, stairs, etc. (See figures 5 and 8) 

A moulding raised above a surface. 

A window In an Internal wall or partition. 

The horizontal bottom member or a door, c;ucment or lower sash. (See figures S 
and 7) 

Short pieces of board fixed to the carriage of a stair to give additional support to 
the treads. (See figure 8) 

An inclined timber placed against the underside of steps to add support between 
the strings. (See figure 8) 

The hollow built-up frame or a sash window housing the counter balancing 
weights. (See figure 6) 

The hinged light of a casement window. (See figure 7) 

A hinged door, or a pair of doors, almost wholly glazed. (French door, French 
window, glued door) 

A window In which one or more lights are hinged to open. (See figure 7) 

The surface produced by bevelling an edge or corner. 

The distance between the walls on which roof is to be constructed. 

An angle joint formed by a series of tenons engaging ln corresponding sloe. 
(Corner locked, finger-joined, laminated). (See figure 2) 

The solid or skeleton structure! of a flush door. 

A plain or moulded strip employed to conceal the Joints of wall boards and the 
like . 

A hinged barrier to dose entrance to a room. consisting of a frame and one or 
more shutter~. 

A light In which the glass is fixed direct into the framing. (See figure 7) 

The surround, usually rebated, to a doorway In which the door is hung. 

The plain or rebated surround to an Internal doorway ln which the door Is hung, 
usually the full depth of the opening. 

A cylindrical piece of wood or metal used for fixing one piece of material to 
another. Wood dowels are sometimes grooved (keyed) to facilitate glueing. 

.f62 

The horizontal distance between the centres of the bearings In roofs. 

A glued llght In the upper part of a door window frame. 

(a) A narrow strip of wood; and 

(b) A small moulding of a square section. 
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A non-opening sash W" c;asement. Flx•d L11ht 

A tread with parallel edges In the straight portion of a sulr. as opposed to a Rifer 
~ . '311~ wlnder.-{See-figur-e-8 

"'I. 

A series of steps without change of direction. (See figure 8) FH1ht 

A flush shutter is one in which the shutter has a framed core covered on both Flush 
sides with prywood or hardboard with or without edge cover strips (Upping). The 
shutter may be solid cored or skeleton framed (hollow cored). 

A bead run on a flat surface and level with It. Flush Bead 

(Note:-Not to be confused with Bead Flush). 

A door with :i surface In one plane on each face. Flush Door 

A pair of casements, usually with rebated meeting mies, hung In a frame having no Foldin1 Casements 
mullion. · 

A pair of doors, usually with rebated meeting mies, hung In a frame having no Foldin1 Doon 
mullion. 

A frame fixed to the soffiu of an opening on which the shutter hangs. frame 

A rebated member dividing light Into panes (Sash bar, astragal). (See figure 5) Glazln1 lar 

A small wood nrlp of moulding employed as an alternative to putty to retain glu1 Glazln1 Bead 
In a rebate. 

See Blocking. Glue Block• 

A continuous narrow sinking. Groove 

The sawn or wraught member on whic;h another finishing. e.g. a skirt1n1 Is fixed. Ground 

A semi-circular moulding. Half Round 

A platform on width equal to two flights. 

A rail parallel with a nrlng or landing. 

The horl20ntal tap member of a window frame, door frame or llnlng. 
(See figure 7) 

A small additional member applied to the head of a window frame to protect the 
casement below. (See figure 7) 

The projecting end of one of the members of a right-angled framing joint. (See 
figure 5) 

The Inner member of a cased frame. (See figurei 5 and 6) 

A vertical outer member of a window frame, door frame or llnlng. (See figure 7) 

A platform at the termination of a flight. (See figure 8) 

One of a pair of doors or casements. 

A sln&le glued unit of a window, fixed or openlnc. 

A solid wood strip applied to the edge or edges of a flush door. 

Wood Work .. ,3 

Half Space Landini 

Handrail 

Had 

H•d Weather 
Mouldlnt 

Horn 

lntlde Unln1 

Jamb 

Landini 

Luf 

Upt 

Up 



Lock Block 

Mltn 

MortlM or Mortice 

Mullion 

Mundn 

Newel 

NOllns 

Outside Unln1 

Ovolo 

, ..... 
Panelled Door 

Panelled Shutter 

Partl\,._ead 
Partin1 Slip 

Picture Rall 

Pitch 

Planted Stop 

Plus 

Prlndpal 

Pulley Head 

Quadrant 

Quarter Space/ 
Landini 
Quirk 

A piece of solid material in flush door provldln1 for Installation of lock. latch set, 

aldrop, etc. 

An angle Joint between two members In which each Is cut to a correspondln& an1le 

at their Intersection. 

A hole or slot to receive a tenon or dowel of corresponding size. (See figure 1) 

(a) A vertical member dividing the lighu of a window frame. (See figure 7) 

(b) A. vertical member between the door and sidelight of a door frame. 

The vertical member between the panels ef a door. (See figure 4) 

The post supportln1 the edges of a string and handrail. (See figure 8) 

The proJectlng edge of a tread or board, usually rounded. (See figure 8) 

The outer member of a cased frame. (See figures S an~ 6) 

A convex moulding. usually with quirk. (See figure 3) 

The Infilling to fnmlng. 

A door composed of a framed surround, divided Into rectangular or other shaped 

spaces filled with panels usually of thinner material. (See figure '4) 

A panelled shutter Is one in which the shutter frame Is grooved or rebated to 
receive wood panel In openings between framing members. The frame may be 
constructed with mortice and tenon joints. 

A narrow strip or moulding fixed to the pulley stiles or cased frames to separate 
one sash from another. (See figure 6) 

A narrow strip suspended inside a cased frame to keep the weights apart. (See 

flaure 6) 

A trim fixed to the walls or a room, from which picture etc. may be hung. 

It Is the ratio of the rise of the truss to Its span. 

A moulding or strip applied to plain frame or lining against which a door or 
casement Is stopped. 

Pieces of sound wood, suitably shaped, Uted to plcg the wood from which 
defective portion has been removed. (See figure 6) 

The wooden rooF truss when used In buildings is sometimes termed as principals. 
Principals are spaced 6 feet to 12 feet depending upon their type, distance between 
the walls and their pitch. 

A horizontal member at the head of a cased frame corresponding to a pulley stile. 
(See figures S and 6) 

A convex (quarter-round) moulding. 

A platform of width equal to one flight. (See figure 8) 

A narrow groove or sinking at the side of a head. (See figure 3) 
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The timber that sue,,oru the roofing materials. 

A horizontal member of a casement or sash, such as top or bottom rail, or of a door, 
, 'J• ·" includlnf-tOj>-mlddfe.-Jack..Jnceon.tdlate and bottom rails. (See figures 4, 5 and 7) 

A horizontal member at the top of a lower or the bottom or an upper sash. (See 
figure 5) 

A step shaped reduction formed on the edge of a member. (See figure 2) 

The vertical side of a recess. 

The finlshln& of a reveal. 

The highest point or line of a roof where the two opposite slopes meet. 

Horizontal piece of timber forming the ridge. 

The vertlcal part of a step. (See figure 8) 

A window in which the opening lights slide up and down In a frame. (See figure 5) 

A concave moulding (Cavetto). (See figure 3) 

To sh.ipe the abutting end of a member to the profile of another. 

A glazed light at the side of a door frame. 

The horizontal bottom member of 3 window er door frame. (Sc.e figures 5 anJ 7). 

A deep bead fixed to the sill of il ~.uh window to pe, mit ventilation at the meeting 
rails (Draught Bead). (See figure 5) 

Rafter 

Rall 

Meetin1 Rail 

Rebate 

Reveal 

Reveal Unin1 

Rld1e 

Rld1e Board 

RIHr 

Sash Window 

Scotia 

Scribe 

Sidell1ht 

SUI 

sm Bead 

A small additional member fixed to the 1111 of a window frame as an alternative to a SHI Drlp Mouldlni 
sub-sill. (See figure 7) 

A recess on a surrac:e. 

The trim fixed to the walls of a room at ttie floor level. 

The horlzoatal or sloping und=rslde of ,ny recess or stair. 

The finishing of any soffit. 

A frame rebated out of the solid. 

A rebate fn a frame or lining against which a door or casement Is stopped. 

A triangular spilc:e formed by contiguous members. (See figure 8) 

A chamfer fully extended across a surface. 

A series of steps, with or without landings, Including necessary hand-rails and 
balustrades and giving access from floor to floor. (See figure 8) 

A portion or il stair consisting of a tread and a riser. (See figure 8) 

A vertical outer member of a panelled door. casement and sash. (See figures '4, 5 
and 7). 

The stile of a door or casement to-which hinges are fixed. 

The abutting stiles of folding doors or casement. 
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Slnklna 

Skirtlna 

Sofflt 

Sofflt Llnlna 

Solid Frame 

Solid Stop 

Spandral or 
Spandril 

Splay 

Stairs 

Step 

Stfle 

HanJi"I Stile 

Meetln1 Stile 



Strins 

Close Strins 

Out Strln1 

Outer Strini 

Wall String 

Shutter 

Subliaht 

Sub-sill 

Tenon 

Tenon and Mortise 
Joint 

Abutting Tenons 

Haunched Tenon 

Lapped Tenon 

Sub,.Tenon 

Throush Teno 

Thruhold 

Throat 

Tonpe 

Cro11 Ton 

Transom 

Tread 

Trench 

Trim 

VentH1ht 

An Inclined board supporting the ends of steps. (See figure 8) 

An outer string having Its top and botto,n edges parallel. (See figure 8) 

An outer string with Its upper edge out to the profile of the treads and risers (Open 
string). (See figure 8) 

The string on the side of a stair away from a wall. (See figure 8) 

The string on the 1lde or a stair next to a wall. (See figure 8) 

The moveable screen mounted on the frame with hinge. .. 
The lowest light or a window, usually below a casement. (See figure 7) 

A subsidiary slU member fitted to a window frame after manufacture. (See 
figure 7) 

The end of a member shaped to fit a mortise. (See figure 2) 

A joint In which a rect:mgular projection, machined on one piece, fits Into a simi
larly shaped recessed opening, machined In a second ptece, secured under pressure with 
an :adhesive. In a through morti,e joint, the mortise and tenon extend through the 
full width or the stile. In the blind mortise joint, the mortise and tenon do not 
extend through the foll width of a stile. 

Two tenons entering from opposite sides and abutting in the centre cf a single 
mortise, 

2) 
A tenon In which a portion of its width is redcccd to form a tongue. (See figure 

Two tenons entering from opposite sides and l.1pping in a single mortise. 

A short tenon not extending through the thickness of a mortised piece. 

A tenon extending through the thickness of a mortised piece. 

The horizontal ,ill-piece fixed to the floor In a door opening. 

A groove formed to prevent capillary attraction. (See figure 5) 

A reduction formed by rebate on one or both faces at an edge or end of a timber 
to fit Into correspondingly shaped groove. (See figure 2) 

A strip of timber with the grain not running In the direction of Its len1th, or a 

strip of plywood, fitted into corresponding grooves. in abutting members (loose 
tongue). 

(a) A horizontal member dividing the lights of a window frame. (See figure 7) 
(b) The horizontal member. between the door and fanlight, of a door frame. 

The horizontal part of a step. (See figure 8) 

A groove or channel extending across a member. 

A collective term for producu of uniform profile manufactured by liner machining 

only. such as architraves, skirting, and picture rails. 

A small opening In the upper light of a casement window, usually hinged at the 

top. (Ven sash, night vent, ventilator) (See figura 5) 
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The term denoting the sloping upper surface of a member. (See figure S) 
• • 

A wood moulding fixed to the bottom nil of an external door to divert water 

from the sill or threshold (Weather board). 

A tapered piece or wood. 

A capering step In che turn of a stair. (See fiiure 8) 

A small moulding planted round a cued frame to retain the inner sash. (See 
figure S) 

A horizontal board fixed internally lt the foot of window opening. (See figure 5) 

The surrounding portion of a window containing sashes, ca.semenu or deadllghu 
and in which the cisements are hung or the s,uhes slide. 

See sidelight. 

A piece of timber planed on one or more surfaces. 

Doors 

In modern buildings, wooden doors .ind windows are extensively used. 

Doors consist of a frame and either one or two shutters hung to the frame by 
means of hinges. Doors with two leaves are known as hung folding or double-leafed 
doors and those with one leaf are known .is single-leafed doors. Generally single
leafed doors are used in partitions and double-leafed doors In walls. 

Sizes of doors vary to suit the req•1irements, and no general rules specifying them 
can be laid down. 

The over-all dimensions of doors are usually determined by making the width 
equal to the height minus -4 feet. In ordinary buildings, the minimum height of :i door 
is 6 feet without fanlight. 3nd 7 feet 6 Inches with fanlight. The maximum Is usually 
not more than 7 feet 6 Inches without fanlight and 9 foet wlth fanlight. The frame of 
a door Is made of timber sanding usually l lnches by 4 inches for doors of norm31 sizes ; 
It Is suitably Increased for bigger sizes. 

The modern trend is to omit the wooden sill of a door frame, since it causes 
obstruction to movement of the people and the floors cannot be easily washed and 
cleaned. Sill Is, however, a must where air-conditioning Is to be done. The sill 
portion of the door, equal In width to the timber of the door frame, should be ral~ed by 
3/4 Inch to I Inch and the jamb and reve.al portion of the sill sloped down on either 
side from It to meet the floor level as shown In figure No. 4. The bottom of the 
door shutter will thus remain 3/'4 inch to I Inch above the floor level and will not 
Interfere with a carpet and at the same time facitltate cleaning and washing. A half 
an Inch rebate equal In width to thickness of the shutter Is provided on the sides of 
the frame to receive the shutter. .. 

Weathered 

Weather Mouldlnc 

Wedp 
Winder 

Window Bead 

Window Board 

Window Frame 

Wingli1ht 

Wrot (Wroupt) 
Timber 

Wooden Doon and 
Windows 

Sizes of Doon 

The location of doors should make for the maximum use of accommodation In the Location of Doon 
room and privacy, without sacrificing convenience. As a rule, partlcularly In reslden-
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Types of Doon 

Framed and 
Panelled Uoor• 

Led,ed Doors 

l.ed(ecl and Braced 
Doors 

tlal quarters, doors should not be located In the centre of room, but on one side of the 
room. 

The doors are generally of following types: 

• Framed and panelled doors (glued, pa"lalfy glaud and unglazed). 

• Ledged doors. 

• ledged and braced doors. 

~ Sash doors. 

• Wire gauze doors. 

The panelled doors consist of stlle1, rails, muntlns and panels as Indicated In a 
typical design shown In flgure No. 4. The door has framing which Is grooved to 
receive panels of timber material. The number of panels may differ with the size of 
door and the taste of the people. 

A few standard designs of Interior as well as exterior doors In common use are 
shown In the figure Nos. 9 to I 7. Selection of any particular design Is a matter of per
sonal choice to match the general appearance of the building. The usual sizes cf this 
class of doors Is 7 feet by 4 feet, 7 feet by 3 feet, 6 feet by 4 feet and so on. the thick• 
ness varies from I½ Inches to l½ Inches depending upon the strength required . 

Ledged doors arc the simplest form of doors. They consist of a number of vertical 
battens, planks fixed by nails, driven In from the face of the battens and fixed to the 
horizontal nails. The b:attens or planks arc generally one Inch thick and six Inches 
wide and tongued and grooved with 'V' joint. The ledges are generally I½ Inches thick 
and are fixed over the battens which are cramped together to form the desired width 
of the door as shown In the figure No. 18. 

The !edged and braced doors are fundamentally simih1r to the ledged doors des• 
cribed above but have additional cross braces to make these stiff. Diagramatlcally 
this type of doors hu been shown In figure No. I~. 

Braces are nearly of the same size as ledges and make them strong enough not to 

drop down. Care should, however. be exercised to see that the battens of the brace 

lie on the hinged side, I.e. supported side; otherwise they would be of little use. The 
usual method of putting braces is to fix the door with ledges, and then fit them 

along with the nails to the battens. 

Sub Doors In these types of doors the lower portion Is panelled while the upper portion Is 

arranged for glass panels for providing greater light. the stiles are of smaller thickness 

and are sometimes called diminished stiles. 

Rush Doors These doors have flush outside surfaces and are very popular as Interior doors In 

all types of buildings. In some c:ue~ the flush door may have a glazed panel at the 

top to let more li&ht In the room as shown In figure No. 10. 

Wire Gauze Door• These doors are commonly used for refreshment rooms, kitchens, larder cup-
boards, meat safes, etc .• to keep out files. The shutters which are hung to the frame 

by hinges consist of stiles and rails which are rebated on the Inside to receive the wire 
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cauze. The 'gauze Is fixe4 In position by a bead bradded to the frame of the shutter. 

Where wire gauI.e shutters are used In combination with some other type of shutters. 

· ~J• t the-latter-ar-e--lntended..fo~tity IIM.sLShutters are usually provided with an 

~ 

automatic closing arrangement In the form of a spring. 

Windows 

The construction of windows is very similar to that of doors. Their size and 
shape depend upon the size of the apartment. 

Windows may be fitted with any one of the previously described type of shutters. 

Windows on the ground are usually iron barred. The bars are of about I (2. Inch to S/8 
Inch diameter spaced at about 4 Inches centre to centre. 

Sills or windows may be at floor level or at any height above it. However, Its 
height above floor ranges from l feet 6 Inches to 3 feet 6 Inches. if the window Is of 

normal size. The bathroom windows have a height of '4 feet 6 Inches to S feet for the 
sake of privacy. For protection against the sun and rain, windows are occasionally 
fitted with weather sheds or R.C.C. canopies. Windows have acquired different 
names according to their shapes or position In the building. 

The position of windows depends on the orientation of the building. An attempt 

Is made to get the most of the effective light from the windows In the north wall 
bec:iuse those In the south wall are subsidiary and are mainly for ventilation. The 
restorative and recuperative value or light ls almost equal to that of fresh air and this 
should specially be borne in mind In the case or factories, workshops and schcols. 
Full advantage must be taken of the sunshine which Is of real value in ventilation 
because It sets up convective currents In the air. It is :ilio a powerful disinfectant. 

The sills of windows are kept 2 feet 6 Inches to 3 feet 6 Inches above the floor 
and the window extends nearly to the celling. 

The area of windows and ventilators Is preferably between 1/10 and 1/5 of the 

floor area of the room. The latter value ls adopted for chawls, dormitories, factories, 
schools and hospitals. The former value Is adopted for residential buildings, In 
which the floor sp:ice per capita Is more. 

Windows are generally of the following types: 

• Fast sheet window 
• Pantry window 
• Sash and Frame window 

• Casement window 
• French window 
• Skylight window 

Location of 
Windows 

TJpes or Window• 

Fast sheet or fixed sash window conslsu of two stiles, top and bottom, with Inter· fut Sheet Window 
mediate bars, If the size of the glass shftt Is small. or If a special type of ornamentation 
Is required. The stiles head and stile are usually 3 Inches by 2 Inches as shown Is figure 
No. 21. 
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Pantry Window 

Sash and Frame 
Window 

Casement Window 

French Window 

Skylisht Window 

Hold Fasts 

The joint Is cenenlly cenon and mortise: the stile A. is mortised co receive 'tenons 

on the top and bottom rails. 

The pantry window Is a modification of the fast sheet window In as much u a 

pivoted sash is added to give ventilation. The joint on the stile Is the same as described 
for the fast sheet windows. The moulding Is removed above the transom to receive 

the pivoted sash, which Is rebated on the top and bottom rails only, as shown In figure 

No. 22. 

The sash and frame window has two sashes sliding vertlally In a cased frame. The 

sashes are hung by means of cords, and are balan,ed by weights. These cords support 

the ,uhes and pass over pulleys. Figure No. 23 shows three views of the 

sash and frame. In chis QSe the frame consists of 6 Inches by 3 inches sill, 5¼ Inches 

by one Inch pulley stile. 

The sashes of casement window are hung. The casement window consists of a 
frame havln1 two stiles, head, sill transom :and mullion all of 5 Inches by 3 Inches 

timber. The casements are similar to the ordinary sash, all members are of 2 Inches 
by 2 Inches timber, except the bottom rail which ar:! 21 Inches or 3 Inches wide, The 
casements open outside, hence the top lights are hung on the top, as shown In figure 
No. 24. 

When the Qlemenu open inwards, as shown in the vertical seaion of the figure, 
it is difficult to make the window watertight. This is avoided by provldin& weep holes 

In the sill. 

This form or window has a combined door and window in it and Is extensively 

used In wooden houses. If the doors open outwards, there is no difficulty In raking It 

watertight. If the doors open Inward, drainage water is always a source of trouble, 

For this reason a projecting metal bar Is put In as a rebate, through which the water 
11 made to seep out as shown in figure No. 25. 

A skylight is an opening in the roof itself for the provision of light. This is done 

when there Is no other window or door for the lighting arrangement. The light runs 

p•rallel to the roof surf.ace and ts lifted above the slates by a cube of 9 Inches by 

I¼ Inches. This has been dtagramatlcally shown In figure No. 26. 

Three sides of the cubes are at right angles to the inclined roof, but generally the 

front Is perpendicular. A gutter Is formed at the back and on the side to drain off 
the rain water. The sash consists of two stiles and slopes, 5 inches br 2 Inches, with 

one or more bars o( the same thickness. The most of the area In the skyli&ht is 

fitted with glass to provide for light. 

Hold fasts consisting ohn Iron patti quarter ofan Inch thick, I¼ Inch wide and 13¼ 
ini;hes long folded on both ends (as shown In figure 19) are quite necessary for the 

stability of doors and windows. They are fixed to the frame by means of wooden 

screws and the remaining portion Is embedded or mortared in the masonry to keep 

the door or window In position. Generally four of them are required for doors 

having a sill and six for doors without a sill. 
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• Wooden Stairs 

Wooden stairs are lighter than those ofanyothe1 mace, ial,-and-are-yer-y-<ommont.,------------
"'•d in dwelling houses. The main ob1eclion to their use Is that If fire breaks out 

they are liable to catch fire quickly and thus may prevent escape frc:.m the upper 

floors. Teakwood of at least l Inches finished thickness In all parts is, however. 
sufficiently fire-resisting to enable the occupants to escape within :i reasonable time. 

The steps of .i wooden staircase are supported at each end, and frequently, at 

Intermediate points, by sloping wooden members called string or pitching pieces. Str
ings are of four kinds: cut strings, housed nrlngs rough, strings, and wreathed 

strings. 

In the case of cut strings their upper surface Is notched to conform to the tread 

and riser of each stepi their lower edge is parallel to the slope of the stair. 

In all but the commonest work, the vertjcal portion of the notch Is mitred. The 

end of the riser Is also mitred and tits ag3insc It, thus concealing the end grain of the 
wood. This Is only done to the outer string which, when treated like this, Is called 

a cut and mitred string. Cut strings In newel stairs are mortised and tenoned Into 

the newel posts at top and bottom. The thickness or an ordinary cut string Is I½ 
Inches to 2~ Inches. 

Also known as closed strings, housed strings have both their upper and lower edit:s 
parallel to the slope of the stairs. Grooves or housings are cut In their Inner sides 

to receive the ends of the treads and risers. 

The housings are sloped 3t th~ lower side of the tread and the Inner side of the 
riser to receive wedges. The grooves are tapered to receive wedges for fixing the 

treads and risers firmly. 

The head room on the top of neps is of hard wood. These hold the tread and ri~er 
firmly Jn position. Against walls, housed strings are mostly used. In this position they 
are called w;ill strings. Closed outer strings are often moulded and panelled to produce 
an architectural effect. 

When the suJr Is so wide that the steps require an intermediate support, this Is 

given by what are called rough strings. Rough strings also serve the purpose of sup

porting the laths (strips of wood on which plaster is applied) where the soffit of the 

1talr ls to be plastered. A rough string supporting a step Is shown In the figure No. 27. 

Wreathed strings are required In the construction of wooden geometrical stairs. 

Steps of wooden stairs are formed of boards. The treads are usually I¼ Inch thick 

and risers J inch thick. The tread Is made to project slightly (about ! to ¼ Inch) 
beyond the face of the riser so as to Increase the available width of the tread. This 

proJ:!ctlon Is known as nosln& which Is usually rounded off or otherwise finished 
with a mouldln,. ... 

The methods of jolnctng together treads and risers are shown In fi1ure 27 on the 

left hand side of the lower mon step In the figure, the riser ls Jointed to the tread on 
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Cut Strini• 

Hou11td Strinp 

Rough Strinp (or 
Carrla1e) 

Wreathed Strin1s 



Wlnden 

Landini 

IU top by a tongue. Other methods of Jolntin& risen to treads are given below: on 
the top of the riser fitting Into a corresponding groove on the underside of the tread. 
(I) by an angle block In the corner between trnd and riser. (1) by a 5/8 lnchxl/8 inch 
scotla glued Into a groove In the bottom of the nose of the tread. The riser of the 
step above It is tongued both at top and bottom Into treads. besides there are angle 
block and scotla. Th riser of the top most seep has Its bottom housed Into a groove 

on the top of the tread and Is further strengthened by screws. 

Winders are formed by antlleverlng out the risers of substantial thickness from 
the staircase wall, and these are used to supeon the treads. The outer end of the 
cantilevered riser Is housed Into the newel post. The front end of the tread resu 
directly on the riser. while the rear end Is fitted In a groove cut Into the riser of the 

upper step. 
Alternatively, winders may be supported by means of bearers built Into the wall 

at one end and framed Into the newel at the other. The back of the bearer Is flush 
with that of the riser Immediately over It. Cross bearers to support the treads are 
framed between the risers and the bearers behind them. 

In a geometrical stair, the winden and bearers are framed Into the wreathed String. 

and have cross bearers In the same way as for newel stairs. 

In forming half-space landings, a trimmer Is fixed across the width of the staircase. 
It supports the bridging Joints which are tenoned Into the trimmer at one end and are 
supported on the wall at the other. The trimmer also takes the ends of the carriages 
or string of the up-and-down flights, and the newel Is notched over it. 

In forming a quarter-space landing, the pitching piece Is built at one end into the 
wall. At the other end It Is housed into the newel which may either be: hanging or 
supported on the floor. In the former case, the plcthlng piece is required to be 

designed as a cantilever, and may have to be strengthened by means of a bracket on the 
under side. The pitching piece supports the bridging tolnu for the landing. 

In a variety of wooden stairs illustrated in figure No. 27 lime concrete is poured 
Into the stair box erected In position, consisting of two cut strings on either side, 
boarding supported by a rough carriage at bottom, and risers fixed In their respective 
positions. When the concrete has set, the top Is levelled, and boards are screwed to 
form treads. 

All the details mentioned under wooden stairs can be Sffn In figure No. 27. 

Wooden Roof 

In modern buildings wooden roofs are built to lend a decorative architectural 
touch or In less Important buildings like country houses, domestic dwellings and 
temporary structures. But In hilly areas where timber Is locally available, the wooden 
roofls che:aper as well as beneficl:al for quick disponl of rain water and snow. It ls thus 

genenlly used. 
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There are two types of wooden roofs In common use:-

• Simple roof 

• Trussed or triple roof 

Simple roofs consist of common rafters over a wall plate on either end, with or 

without purllns. These are generally boarded at the top. The double roofs consist 

of double system of timbering such as roofs with rafters and purlins, supported on 
walls. The trussed or triple roofs consist of common rafters, purlins. and tru5Ses 

such as arched rib truss, king post roof truss, queen post truss, etc. The composite 

roofs are built of wood and steel combined: the members taking tension are made 

In steel while the others are of wood. Some of the Important types of roofs are 

discussed below. 

Among the simple types of roofs, some of the important ones are lean•to roof, 

couple roof, couple close roof :ind the collar roof. They have been shown In the 

figure No. 18. 

LE.AN-TO ROOF: This IS the simplest form of roof. It is generally used In 

buildings attached to the main buildings, sheds or verandahs. Figure No. 29 shows 

size of the members and their method of Joining up for a span of 8 feet. If the span Is 

bigger purllns must be used. The overhang of the rafters is sometimes chiselled out, 

and a soffit Is attached to It which can serve as a drain. The roof ts attached to the 

wall by means of an iron corbel at regular Intervals or by wooden wall plates 3 Inches 

by 4 Inches carried all along the wall In which the rafters come and fit as shown 

In figure No. 29. 

COUPLE. ROOF : This roof derives IU name from the number of rafters used and 

are built for smaller spans. The two rafters are fixed at their ends to the wall by 

resting them on wall plates. The arrangement of the roof Is very simple. Since the 

two raften have a tendency to spread out and thrust out of the wait. this type of roof 

Is not used for spans wider than 10 feet. The supporting walls should, therefore, 

be sufficiently strong. See figure No. JO. 

The roof has a suitable covering and to keep the btrds out and prevent the wind 

from coming In, the brickwork Is carried up to the under side of the boards, 

COUPLE. CLOS£ ROOF : This roo( lulmllar to the couple roof. except for a tie 
member, which is fixed at the base ofthe two rafters to prevent them from spreading 
out. The tie serves a double purpose. It reduces the wall size and acu as ceilfng 
joist. This type of roof c2n be used for span up to 16 feet. Sizes of members are· 
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given In the table below: 

·- ------
Clear span Rafter size Ridge board size Celling Joists size 

------------·------- -----
8 feet 

10 feet 

llfeet 

14 feet 

Jt·x 1r 
4•x2t· 
-4"x2f' 

S"xl·r 

--------··--------- ..... --·· ----

1•x I¼'' 

1·xr 
rxr 
s·xr 

•rxr 
s·xr 
6"'xr 
a·xr 

COLLAR TIE. ROOF: To economise in space and to increase height, rooms are 

sometimes partly formed in the roof. For such conditions, a collar tie roof is m.ide. 

This Is done by providing a collar Joining the two rafters, fixed about half way up the 

slope or the rafters. It acts similar to the tie In couple close roof, I.e. check~ the 
spreading of rafters. Sizes of various members :i.re given in the following cable: 

Clear span Rafter slze Ridge Collar 

- ------
8feet -t·xr 1· xr J•xl" 

10 feet -t·xr 1·xr -1·xr 

12 feet 4•xr 1·xr 4·xr 

14 feet s·xr 7"x2" s·xr 
16 feet s·xr 1·xr s·xr 
18 feet 6"x2" 1·xr 6"x2" 

------·-- ~ - - -
If spans exceed the limlt prescribed for collar tie or other types mentioned above, 

It Is desirable to have a trussed roof both ln the Interest of economy and strength. In 
this type stresses are taken up by the members and only vertical load Is transmitted 

to the wall. This keeps the wall section within economlc:a1 llmlts. 

Trussed roofs, therefore, consist of me~bers arranged In such a manner that the 

shape of the truss does not :alter and no member t:ikes up bending moment. These 

are arranged I 0-12 feet centri! to centre on the walls or else on a convenient d:mince 

which is determined by the dist::ince or columns. The important type of truss which 

Is generally used Is the king post roof truss. 

IC.ING POST r.OOF TRUSS: This type of roar truss derives Its n:ame from Ju 

vertical member, called king post. It can be used for spans up to 25-30 feet. 

figure No. 31 shows the section of members for this type of truss with 20 feet span. 

All the detalls and names of members have been given in the diagram. It would 

be seen that the principal rafter carries purllns which In turn carry the common rafter. 

474' 

• 

Th 
gr. 
th1 

kir 

~ 

sp: 
fe, 

be 

Its 

A: 
In 

po 

..,. 
Sci 
tin 

the 

rec 

Sp( 

wl1 

sha 
cla 
fle, 
w~ 

do 

be 
Sta 

we 

by 

w. 

<If'" 

• 



• 

1' 

.... J~ , ,,...,....__ 

The covering of a suit:ible ~aterial is arr:inged over the common nfter. In this dia· 
gram one of the sides Is proiectlng out I.e. has overhanging canes on one side and on 

the other a gutter hlS been provided on the side of the wall :is shown in figure No. n . 
Some details of the }oint at the head of the king post, and Joint at the foot er the 

king post ha·,c been given In figure No. 33. 

QUEE.N POST ROOF TRUSS : Queen post roof truss may be used up to 45 feet 

span. A typical roof of this type has been shown In figure No. 34 for a span of 35 

feet. 

Th:s roof ha~ bc.:m pf<":?lred for slate tiles while for other covering the pitch can 

be suitably changed as shown In figure No. 3S below. 

There are two vertical members c:illed queen pons from which this truss derives 
Its name. The members are joined at their ends by proper Jolnu and steel stirrups. 

A sm:ilnlng sill is atnched to spl~es to the top of the tie beam to assist the queen post 

in resining the thrust of the struts. A straining beam Is used at the head of the queen 

posts to resist the thrust from the rafters as shown In figure No. 36. 

NO. 26, 1 WOOD WORK (GENERAL) 

Specifications 

I. Unless otherwise specified timber shall conform to Specifications No. 8.1 

Schedule of Rates Vol. L~Part I (Specifications for Materials of Construction 1964) for 

timber. The Engineer-in-charge shall at his option Inspect all logs or sleepers before 

they are used and may reject any he considers defective. Timber so rejected shall be 

removed at once from the site of work at the cost of contractor. 

2. All wood work shall be neatly and truly finished to the exact dimensions 

specified. 

3. Unless otherwise specified, all jolnu shall be simple tenon and mortise Jolnu 
with the end of the tenon exposed to view. All mortise and tenon Joints or scarfs 

shall flt truly and fully, without filling. Where specified, in the case of special high 

class joinery, the end of the tenon shall not show. Jolnu shall be painted with specl· 

fled lead paint before the frames are put together. Glue shall not be used In Joints 

which are exposed to weather, and In such exposed work any hard stopping shall be 

done with tight driven plugs. 

4. All nails and screws shall be of an approved type. Holes of correct size shall 

be drilled before Inserting screws. Hammer shall not be used at all for drlVlng In or 

starting In the screws. All screws shall be dipped In Dfl before they are Inserted In the 

wood. The heads of nails or screws shali"be sunk and puttied or dealt with as directed 
by the Englneer-ln-<harge. 
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5. The contractor shall give at least 7 days notice to the Engineer-In-charge In 
writing, when any timber Is to be covered In the ground, or In the walls of a building, 
or otherwise. Falling this the Engineer-In-charge may order It to be uncovered at the 

contractor's expense, or measure and pay for only so much as is uncovered. 

6. All wood work shall be fi,ced In accordance with the drawings or the lnnruc· 

tlons of the Engineer-In-charge. 

7. All workmanship shall be of the best type and all joints shall fit accurately 
without wedging or filling. After the wood work has been erected, the contractor 
shalt, If any undue shrinkage or bad workmanship Is discovered, forthwith correct 
the defect without any e,ctra charge. 

8. All beams and girders shall be bedded on plates with not less than 9 Inches 
bearing. All Joists shall be:ar not less than 4¼ Inches on wall plates, and every purlin or 
b•uen supported on a wait shall have a bearing In the direction of Its length equal to lu 

own depth subject to a minimum of 4 Inches. 

9. An air space of quarter of an inch shall be left along sides of battens :ind other 

wood work burled In masonry or brickwork. 

10. All portions of timber built into or against or close to masonry or concrete, 
and all junctions or rarters, purllns, beams and wall plates shall be given two coau of 
hot solignum, creosote or other wood preservative appn>ved by the Engineer-In· 
charge. 

11. All scantllng planks etc. shall be sawn straight and shall have unlrorm thick
ness. They shall be sawn In the direction of the grain :ind shall have full measure· 
ment from end to end. All planks and scantlings shall be sawn 1/ 16 inch in excess or 
actual measurement to allow planing. They shall be supplied with straight square 
edge, or rebated, ploughed, tongued or dwelled, as may be directed. 

12. As a precaution against fire no wood work shall be fixed within 2 feet of the 
Interior face of a chimney flue. 

13. Unless otherwise specified the wood used In construction or joinery work 
shall be deodar, kail, chir or teak. 

1-f. The contractor shall be responsible for the cuing or otherwise of all doors 

etc. and the closing down of all open joints which may occur within six months of the 
completion of the work and which In the opinion of Engineer-In-charge required atten· 

tlon. 

IS. The measurement of wood work or planking shall be the net measurement 
after fixing In position. No allowance Is to be made for waste overlaps, rebates or the 

dimensions supplied beyond those specified. The length or each piece, however, shall 
be taken over all so as to Include projection for tenons or scarfs. The unit of measure

ment shall be 100 square feet or 100 cubic feet as specified. 
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16. The unit rate for wood work shall include the cost of labour Involved to carry 
• out wood work according to above specifications. fixed In position and with the 

exposed arrises finished with a bead or bead and quirk as specified. The rate shall 
further Include the cost of labour employed (r-• r.-1'-·~1 ... Han• 

(I) Fixing all spikes, nails, screws, glue. 
(2) Bevelled heading joints to boarding. 

(3) Boring for bolts as required. 
('f) Cleaning of wrought face. 

(5) Cramping and wedging. 

(6) Fixing with hardwood or male bamboo pins, nails, spikes, hoop Iron and wire 

In any position. 

(7) Halving, ubling, lapping, notching, framing, straight, splay, circular or birds

mouth cutting. splayed and bevelled ends, and mitres, fair or returned ends. 

as required. 

(8) Punching and clenching nails. 

(9) Treating plugs with wood preservative. 
( I 0) All notchlngs, firrings, or squ:irings to ballies, necessary to obtain level bed· 

ding, boarding or fixings. 

(11) Rebates and chambers to door and window frames where required. 

The rebate shall rurther Include the use or all tools, plant and scaffolding, staging 

and ladders, etc., where necessary. 

Note.-Sometimes timber in the form or log or wrought (wholly or partially) 

is supplied to the contractor from the Government stores or from a dismantled build· 

Ing. In such cases the cosc of timber so supplied shall be deducted from the cost of 
the finished work. Where the contractor's schedule contains no rate for similar 
materials the cost to be deduaed shall be determined by a special agreement. A 

separate rate shall be required when the material thus supplied has to be reframed 
or refitted. 

17. The unit rate shall Include the con of all materials supplied to the site of 

work In addition to the labour rate detailed in para 16 above. 

NO, 28,2 DOORS AND WINDOWS (GENERAL) 

Specifications 

I, Unleu otherwise specified timber shall conform to Specifications No. 8.1 Sche

dule of Rates Vol. I Part I (Specifications of Materials of Construction), 1964 for timber. 

2. Unless otherwise specified the workmanship for doors and windows !:hall con

form to Specifications No. 26.1 for Wood Work (General) In all respects, except 

those specified hereunder. 
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Size of Doors and 
Windows 
Sections and 
FittJnp 

Chowlcat. Framing 
and Corners 

Rebates 

Position of 
Chowkats in Jambs 

Chowkat to be 
r•dy before 
startln1 
Superstructure 

Chowkat paintinr 
with Preservative 

Hold Fasts 

3. The slxe of doors and windows shall be as specified. 

~. Unless otherwise specified or directed, the particulars and dimensions or chow

kau for doors and windows together with their fittings and furniture shall be as given 

In the table No. I . 

5. Chowkats shall be properly fr .. med and morti~ed tozether. Door an~ window 

chowkats shall have -1~ Inches wide horns left on the heads (also on sills where these are 
provided) or the corners or the chowkats bound with 2¼ Inches by 1/10 Inch Iron straps 

bent Into a right angle having leg: of a length e~al to the depth of the chowkats, and 

fixed wit!I four 2-lnch screws. The cost or horns or straps is included in the rate, Un

less otherwise specified, the latter method shall he adopted. 

6. Chowkats shall have a rebate cut to receive the leaves. The rebate shall be 

½-Inch deep and its width shall be equal to the thickness of cha leaf. The other side shall 

be finished with a bead and quirk, or other simple moulding, unless wire gauze is to be 
fitted. Where the plaster butts against the chowkat ¼-inch deE.p rebate with a 
slight cut back shall be given to serve :is key to the plaster. 

7, Unless otherwise specified, doors and window:; opening to another room, to 

a corridor or varandah, shall have the chowkats so fixed that they project 3/8 of an 
Inch from the plastered face of the wall. 

The plaster shalt stop against the chowkat which shall have the rebate mentioned 

In the above paragraph as key for the plaster. 

Other doors and windows shall be set back 4¼ inches from the face of the wall. 

In the case of doors and windows In dhujji walls, the depth of the chowkat shall be 

equal to the thickness of the wall and the faces flush with the plastt'r. 

8. No chowkat shall be painted or fixed before the Engineer-In-charge has Ins

pected and approved It. All chowkats shall be ready before the work reaches the sill 
level so that they can be built In as brickwork or masonry proceeds. 

9, Before fixing, chowkat shall have the side In contact with the brickwork or 

masonry painted with two coats of hot sollgnum, creosote, coal tar or other wood pre

servatives approved by the Engineer-In-charge. rr doors and windows are to be sub

sequently painted, the priming coat shall be painted on the chowkats before they 

are fixed. 

IO. Chowkats shall be secured to the brickwork or masonry by hold fasts which 

shall be built into the wall with specified mortar. Held fasts shall be made 

l¼"x:r flat steel pattl bent over at both ends leaving 131'' clear length between 

bends; one bend shaU have two screwed holes to which the chcwkat Is secured by bolt 

¼ Inch in diameter. The head of the bolt shall be sunk into the chowkats and the hole 

plugged with wood. Where the chowkat Is fixed at the extreme edges of the jambs, 

the hold fasts shall be worked or bent as directed by the Engineer-In-charge. The num, 

ber of hold fasu to eac:h chowkat shall be as indicated In the table No. r, with the excep
tion that, where no sill has been provided, one additional hold fast shall be given on each 
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side. The.feet of the ch'!,wkat shall, in this cue, rest on the damp-proof course or floor, 

:is the cue may be. 

11. All door and window leaves shall be cut out :ind framed together, as soon as 

possible after the commencement of the work, and stacked in the shade to season, 

They ~h31l not be wedged and glued for four months where possible and where the 

contract time permiu. If It is not possible, they shall be wedged 2nd glued }ust prior 

to being hung. Before fir.al glulnt, all portions In which defecu appear shall be re

placed. 

12. All stiles and rails shall be propC!rly and :accurately mortised and tenoned. 

The thickness of the tenon :;hall not exceed one-fourth the thickness of the plank and 

the width shall not exceed five times the thickness. All rails over 7 Inches In depth 

shall hlve double tenons. All tenons shall pass, completely rough stiles and shall be 

secured by 3/6 Inch hard wood or bJmboo pins. All rails shall ba haunched to the 

depth of groove for panels. 

13. All tenons at che final assembly of the doors sh:i!I be glued and wedged at top 

and bottom of the tenon with glued wedges. Immediately after glulng, the frames 

shall be tizhtly cli1mped and so left till the glue has set. 

J 4. Unless otherwise specified, leaves shall be hung on hinges of the size and the 

number specified in the table No. I. These hinges are to be of an approved type and 

quality. They shall be counter sunk Into the chowkat as well as in the leaf; the reces

ses being cut to the ex:ict size and depth of the hinge, no subsequent packing shall be 
allowed . Two Inch screws shall be used with S inches to 6 inches hinges and I! Inches 

for smaller sizes. 

IS. The contractor shall deposit in the office of the Engineer-In-charge one 

sample of each fitting to be used In the work. Unless otherwise specified, fittings shall 

be of the number. size and type gl•,cn In table No. I. 

16. The cost of fittings as indicated in the table is included in the rate. Where 

special Ironmongery or door furniture is required, It shall be supplied by the depart

ment, or provided by the contractor at an extra cost. The cost of fixing or mounting 

such special furniture shall, however, be included in the rate. The cost offittlngs men

tioned In the table No. \, but superseded by the special ones, and thus not actually 

supplied, shall be deducted from the sum paid for wood work. 

17. Screws of such diameter-shall be used as fill completely the holes and cups 

In the fittings which they secure, and shall be oiled before being Inserted. Unlen the 

head can be counter-sunk Hush with the fittings, round headed screws shall be used. 

Brass fittings of specified type sh3fl be secured with bnss screws. 

18. Hinged chocks shall lnvarla6ly be fitted to all door1 and windows to keep 

them open. Checks shall be of hardwood and swung on ) Inches butt hinges and shall 

act on a sheet met:il protector fi><ed to the door stile. 
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Dimensions 

19. Wooden stops of a size suitable for the leaf concerned shall be fixed to the 

door or window chowkats to prevent the leaf from damaging the plaster or the Jamb 

when fully opened. 

20. The measurement of doors and windows shall be done by the superficial area 

of the clear opening in brickwork or masonry. In case of circular or other slmllar 

Joinery, measurement shall be taken of the net area. In the absence of any special rate 

being paid, measurement shall be taken of the least squares or rectangles to contain 
the opening In question. In cau of double doors the superficial area of chowkat shall 

be Included In one door only. ... 

21. The unit r.ate shall Include the cost of labour Involved In making and erecting 

doon and windows of the specified sizes complete in all respccu, with fitting and furni

ture according to above specifications In specified places. 

The rate shall also Include the use of ladders, supports, staging and scaffolding for 

excutlng wood work according to above specifications. 

The rate shall further Include the cost of labour Involved in applying two coats of 

wood preservatives on the chowkats. 

22. The unit rate shall Include the cost or all materials supplied :at site in addition 

to the labour rate detalled In para 21 above. 

NO, 28,3 PANELLED All GUZED DOORS AND WINDOWS 

Specifications 

l. Unless otherwise specified the panelled and glazed doors shall conform to the 

design shown In figure I to 7. 

l. Unless otherwise specified the dimensions or doors and windows shall be as 

shown on the approved drawing. 

Quality of Timber 3. Unless otherwise specified or directed by the Engineer-In-charge the wood 

shall conform to Specifications No. 8.1 Schedule of Rates Volumn I, Part I (Spedfiatlon 

for Materials of Construction 1964). for timber. 

Door Frame 4.(a) The members shall be joined with close fitting mortise and tenon Joints which 

shall be further pinned with corrosion-resisting metal pins or not less than 8 mm (S/16 

Inch) diameter or with hard wood plni whose diameter shall not be less than 10 mm 
I 

(3/8 Inch). The framing shall be such as to ensure complete rigidity throughout. 

(b) The entire surface oHrame coming in contact with masonry shall be treated 
with a preservative of an approved type and quality. 

(c) The frame shall be fixed to the masonry with at least four hold fasts. Two 

additional hold fasts shall be used If the chowkat Is without a sill. 
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5. The stiles and raU~of the frame shall be mortised and tenoned together. The 

thickness of each tenon shall be approximately I/3rd the thickness of the rail, and the 
Shutter Frame 

; • .: wlddu>UtCh tenon shall not exceed 5 times Its own thickness. 

• 

6. (a) Panels shall be made of solid wood or ha-r-:d-:b_o_a-rd:--or_ w_a-:-te_r_-r_e-:sl-st-an-:t:-p-;-ly-.-------;;;;:Pa~n- e-r---

wood having both sides properly finished. They shall be truly cut and framed Into 

rebates to a depth not less than 3/8 inch. Their thickness shall not be less than 12 

mm(½ Inch); In case of plywood and hard board It shall not be less than 7.5 mm (S/16 

Inch). Panels shall be In one piece up to 12 Inches clear In case of deodar and 18 Inches 

clear In case of teak. In larger sl2es they shalt be Jointed, but the jolnu shall be glued 

and dowelled together to prevent all possibilities of its opening out afterwards. 

(b) Panels shall be absolutely smooth so that no marks are visible. Unless 

otherwise specified, panels shall be splayed and fielded on both sides and the arrises of 

the frame recelVlng the panels finished with a simple mould. 

7. S:ash bars shall be of the same thickness on the leaf and shall be I Inch to I¼ 

Inch wide, according to the size of the doors, and shall be twice moulded and twice re· 

bated and mitred on the outside. The size of the rebate shall be 3/8 Inch x ¼ Inch to 

receive the glass and Its fixing. 

8. Alf gfazlng shall be done In accordance with the Specifications No.16.11 for 

gluing. If specified, the doors and windows of bedroom and bathroom shall be glaz· 

ed with blind glass up to full eye level. The glass panels of appropriate sizes shall be 

fitted Into (3/8 Inch) rebates and shall be retained In position with a thin layer of putty 
which shall be covered with wood beading. 

9. In respect of measurement and rate, they shall conform to Specifications No. 

26.l for Wooden Doors and Windows (General). 

NO. 26.4 FRAMED AND BRACED DOORS AND WINDOWS 

Specifications 

I. Framed and braced doors shall consin of two stiles, three rails and two braces 

forming the frame of each leaf to which the battens (planks) shall be fixed. In case of 

windows there shall be two rails and one brace. In the case of doors opening out• 

side, where It Is necessary to admit light, the Englneer•ln-charge may dlrecttheaddl· 
tion of a frieze rail. In this case the space between the frieze rail and the top rail shall 
be glazed by the contractor without any extn charge. 

2. The framing shall be made with mortise and tenon Joints as per Spedficatlons 
No. 26.2. The top rail (or frieze rail when the door has been glazed) and the bottom 

rail as well as stiles shall be rebated to rac:elve the battens. The exposed edges of stiles 
and rails shall be chamfered or stop chamfered. Unleu otherwise specified framing 

and batten shall be of the sizes contained In table No. I. 

Wood Work -<81 

Suh Bars 

Glazln1 

Mea1urement1 and 
Rate 

Frame of Leaf 

Framln1and 
8racln1 

·-·· 



Battens 

Other Respects 

Frame of Leaf 

Double Leaves 

Han1ln1 

Other RNpects 

Frame of Leaf 

Erection 

l. Battens shall butt Into rebates In the top (or frlexe) rail and the bottom nil 
and shall pass over the braces and the lock rail. Battens shall not be more than 5 In· 

ches wide and shall all be parallel and uniform In width. The Jolnu shall be ploughed 

and tongued and finished with a bead and quirk on the outside. Battens shall; be se
cured with two screws at each end and with one screw over each brace and the lock

nll. 

4. In all other respects, a framed and braced door/window shall conform to Spe· 
clficatlons No. 26.2 for Doors and Windows (General). 

NO, 26.5 LEDGED AND BRACED DOORS AND WINDOWS 

Specifications 

I. Ledged and braced door leaf shall be formed with battens secured to three 
ledges, with two braces between the ledges. Windows shall have only two ledges and 

one brace. 

The top edges and ends of ledges and braces shall be chamfered. Battens (planks) 
shall have rebated Joints finished with a ''V" on one side and shall be of a uniform width 
of not more than 5 Inches. The battens shall be screwed, with two screws at each end 

and one over each brace and the middle ledge. Unless otherwise specified the size 
of ledges, braces and battens shall be as given In table No. I. 

2. In the case of double doors a J"x 1 • cover bar shall be screwed on to the edge 
of one le:if so as to make It a master leaf. 

3. The chowkat shall be rebated to a depth equal to the full thickness of the door, 

I.e. the battens plus ledges. The doon shall be hung with the battens Inside and the 
ledges outside. Hinges shall be fixed to the ledges. 

.f. In •II other reipecU It shall conform to Specifications No. 26.2 for Doors and 
Windows (General). 

NO, 26.8 lEDGED DOORS AND WINDOWS 

Specifications 
I. Ledged type also called country doors and windows, shall be formed by fixing 

battens on to three ledges. The battens shall be of uniform width, not more than 9 
Inches, and shall have rebated lolnts. Unless otherwise specified, the thickness of 
batten and the size of ledges shall be as specified In the table No. I. 

2. Country doors shall be hun1 on pivot With the battens outside and ledges 
Inside. 
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3. In all other respec~ the ledged doors and windows shall conrorm to Spedfica· 

tlons No. 26.5 for Ledged, Braced and Battened Doers. 

NO. 28, 7 CLERESTORY WINDOWS 

Specifications 

I. Unleu otherwise specified the chowkats of clerestory windows shall be so 
fixed as to proJett 3/8 Inch from the Inner face of the wall. 

l. Unless otherwise specified brass cleats of the slanting single button type appro

ved by the Engineer-In-charge shall be fixed by two br;us screws to the polished wood• 

en teak blocks with chamfered edges. The wooden blocks shall be r x 3¼" X ¾" 
and shall be firmly fixed to the wall by means of plugs and screws of an approved type. 

3. The leaves shall be hung I Inch off centre so as to make them self-closing. In 

order to open them, a cord (stout, non·twl:tlng picture cord) shall be provided with 

a hard wood weight at one end (to keep the cord In position over the cleat). 

4. In all other respects it shall conform to Specifications No. 26.3 for Glued and 
Panelled Windows. 

NO. 28,8 WIRE GAUZED DOORS 

Specifications 

I. Unless otherwise specified leaves of wire gauze doors shall be m:ide from 

deodar. irraspectlve of the wood used In making the chowkats er the other leaves 
hung from the ~:ime chowkat. 

/ {1) Wire gauzed doors shall normally be hung on the same chowkat as other 

doo\-1, and the rate shall Include the provision of extra depth In the chowkat to take 

the rebate for the wire gauze leaf. Where wire gauze doon are hung on a 

separate chowkat a special rate shall be settled. 

3. Unless otherwise specified, wire gauze shall be of best quality and uniformly 

woven wire webbing 12xl2 meshes to the square Inch made from 22 gauge galvanized 

Iron wire. All wire gauze panels shall be In one piece, no Joinu being allowed In the 
caur.e. 

4. Wire gauze shall be fixed to the frame of the leaf after being nretched from 

out to out of rebate and nailed down taut by nails spaced at not more than 2 inches 

and then fixed that by a fillet of 3/4 Inch x -3/4 Inch screwed Into a rebate ofthat size. 

The screws shall not be less than I¼ Inches In length, nor spaced further th:in 9 Inches. 

All exposed arrlaes of the fillet shall be finished with a small neat mould. 

Wood Work 4183 

Other Respects 

Chowkau 

Cleat 

Leayes 

Other Respect• 

Material 

Chowbt 

Wire Gauze 

Flxln1 

~ 



Sprln1 Hlnps 

Double Door• to 
Project 

Matchln1 Inner 
Le•••• 

5. Unless otherwise specified all wire gauze doon shall be hung on self.closing 

spring hinges which shall be of an approved quality. 

6. All double leaf wire gauze doors shall close with the meedng sclles butting 
against each other, a felt or nlwar strip being fixed to one leaf to close the Joint. The 
leaves shall close to such an extent that the junction projects from the face of the 

chowkat, the pro]ection being one Inch for each (oot width of leaf. The top of the 

chowkat (and sill when It has been provided) shall be enlarged to a correspondln& 
wedge shape. the cost of this being Included In the rate. 

-
7. Unless otherwise speclfie::I, the width and position of lock and bottom rails 

on wire gauze doors shall be the same type as those of the other leaves huns on 
the same chowkat. 

NO, 26,9 WIIE GAUZED WINDOWS 

Specifications 

I. Where moveable wire gauze flaps or leaves are provided to windows, Spedfta. 

tlons No. 26.8 for Wire Gauzed Doors shall be followed with the following 
modifications. 

2. Wire gauze windows shall not be provided with springs or spring hinges. 

3. Double hung wire gauze windows shall close flush with the chowkat without 
the meeting stiles projecting In any way. 

'4. Unless otherwise specified wire cauzed windows shall open outwards and 

shall be provided with hinged chocks to keep them In the open position, and with 
stops to prevent damage to plaster. 

NO. 28, 10 WIRE GAUZED CLEIESTOIY WINDOWS 

Specifications 

I. Unless otherwise specified, wire gauzed leaves for clerestory windows shall be 
hung on a separate chowkat set back one Inch from the outer face of the wall (the 
glazed window being fixed In a separate chowkat, flush with inner face). The leaf 

shall be hung from the top, so as to close by its own weight and shall swing outwards. 

In all other respects, the Specifications No. 26.9 (or Wire GauzeWlndows shall be 

followed. 

2. The cost of the chowkat shall be Included In the nte, the measurement belnc 

out to out of chowkat. 
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No.-28,11 FIKED-WIRHAUtt----------

Specifications 

I. Unless otherwise specified, the wire gauze shall be of an approved quality, 

uniformly woven. wire webbing of llx12 meshes to a square Inch made from 22 

gauge galvanlted Iron wire. All panels shall be In one piece and no Joints shall be 

aflowed In the gauie. 

2. Wire gauie shall be fixed to the outside of the chowkat. This shall be drawn 
taut to the full width of the chowkat and nailed down by nails spaced not more than 
l Inches and a cover nrlp, ¾ Inch In thickness and of the same width as the chowkat so 

as to seem a part of the chowkat, fixed all round with f:l-lnch screws fixed not more 

than 9 Inches apart. 

Wire Gauze 

Method of Fbdn1 

3. If specially required by the Engineer•in-charge, the wire gauze shall be fixed Alternative Method 
to the chowkat by a fillet, i Inch x i Inch, screwed into a rebate of the same size. 
The wire gauze shall be stretched taut and nailed down by nails spaced not more than 
l Inches to the chowkat, and then the fillet screwed down with one-Inch screws spaced 
not more than 9 Inches apart. 

<f. Exposed arrlses shall be finished with a small but neat mould In each case. 
The rate shall be the same for either method of fixing. 

NO, 26, 12 GLAZING 

Specifications 

I. Unless otherwise sepeclfied, all glass shall be flat sheet glass of fine quality 
known In the trade as "seconds". Glass shall be of the following weights per square 
foot for the various sizes mentioned below:-

) ~ .. '""'""' 
Not exceeding 12•x14• - 16 oz (about 1/14' thick) 

Exceeding 1rx14· but not exceeding 24·xli'-21 oz (1/IO· thick) 

,Exceeding 2-1•x24• but not exceeding lO'xl0·-26 oz (1/9' thick) ., 
Exceeding 3o·x]O· but not exceeding 36'x36·-32 oz (1/7· thick) 

Exceeding 36'x36• plate glass- ( I /-4· thick} 

• . .. ,_ ) " 

l Jl- ' 
. ( ~ .. ~ 

Glass shall be free from specks, bubbles, distortion and flaws of every kind, and 
shall be properly cut to fit the rebatesrso as to leave a uniform space of 1/16 Inch all 

round the panes between the edge of the glass and the rebate. 

2. Putty shall be prepared from pure raw linseed oil and best whiting, specially 

dry and ground fine to pass a sieve of 4Sx45 meshes to a square Inch. The two shall 
be well mixed by hand and kneaded Into a stiff paste. It shall then be left for 12 hours 

Wood Work 4f85 

Finlthin1 Rate 

Gius: Thidcnes1 
and Quality 

I,, 

Putty (method of 
preparin1) 



Palntln1 or Priming 
Rebates 

Fhdn1 Glass With 
Putty 

Flxln1 Glass With 
Wood Flllets 

:and worked up In small piece~ till It becomes quite smooth. If the putty becomes 

dry, It shall be restored by heating and working It up again whlle hot. Wh~re the 

rebate Is small a little white lead shall be added in making the putty. Putty required 

for glazing large paneis or for bedding plate glass shall be made with a mixture of linseed 

oil and tallow with whiting so as to make It pliable and capable of standing expan~lon 
of the panes. Where required, putty shall be coloured to mat<:h the wood work. 

3. If rebates have not been painted, they shall be well primed with bolled linseed 
oil to prevent the wood from drawing oil out of the putty. Putty shall be painted at 

the same time and the same number of coats•u wood work. 

4. Each pane of gl::i.ss shall then be bedded on a thin layer of putty called "back 

putty" and secured Into position with proper glazing springs or nails. "Front putty" 
shall then be applied chamfered and finished off neatly so as to ensure that the depth 

of the putty Is exactly equal to the rebate. 

S. In the case of all panes exceeding 12 Inches In width, front putty shall not be 
used but the glass secured with fillets of wood, without extra charge. The fillets shall 
be plain or moulded and of a size depending on the type of door being glued. The 

glass shall be protected from contact with the wood by putty made with ullow to act 

as a cushslon. 

Blind Glass 6. Where blind glan Is fixed the frosted face shall be away from the puny. 

Putty {Comins Off) 7. All gl:lSS that has been fixed by the contractor sh:all If It becomes loose durln1 

Cleanlns and 
Flnilhlns 

Measurements 

Labour Rate 

Composite Rate 

the period specified In the contract, be refixed and puttied by him at his own expense. 

8. No glazing shall b~ considered complete until all paint and other stains have 
been removed from the surface of the glass. Glass shall be cleaned and polished with 

pads of damp newspaper, and then with a clean dry soft cloth (unsized). Cleaning shall 
be done by two men working on opposite sides of the same pane at the same time. 

The contractor shall make good all glass broken by his workers while deaning the 

glass. On completion of the work all doors and windows shall be cleaned, damaged 

putty or glazing repaired and the whole work ldt perfect with a workmanlike finish. 

9. In measuring glazier's work all fractional pans under half an Inch shall be 

omitted, and all above that, taken :n; one Inch. Curved or Irregularly shaped pieces 

shall be measured as the least rectangle from which they can be cue. Measurement 
shall be made net, from Inside to inside of rebate. The unit of measurement shall be 

one sqare foot. 

10. The unit rate shall include the COlt of labour Involved In carrying out glazln& 

In accordance with above specifications. It shall also Include provision of all tools and 

plant required for glazing. It shall further Include provision and removal of all ladders, 
scaffoldings, staging and supports required for glazing. 

11. The unit rate shall Include cost of 311 materials required for glazing supplied 

atslte of work In addition to the labour rate detailed In para IO above. 
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10, 26,13 WDDIEN FLOORS 

Specifications 

I. In th'! case of ground floors, floor jolsu (bridging joists) shall rest on pillars, 
dwarf walls, rails or beams as may be spedfied. 

The plinth under the flooring shall be excav:lted to· the depth specified by the 
Engineer-In-charge and dressed level and rammed. If directed, a layer of lime concrete 
shall be laid as specified under .. concrete", otherwise dwarf walls or pillars shall be 
built on a lime concrete foundation. The dimensions and spacing shall be as indlcau,d 
In the drawi'lgs or otherwise directed by the Engineer-in-charge. 

2. In the case of upper floors, the bridging joists shall rest on wall plates, beams, 
rails or on other joists as shown on the drawings. or otherwise directed by the 
Engineer-In-charge. 

3. The timber for the floor joists sh,111 be of the kind specified In accordance with 
the general specification for wood work. The full number of joists for each continuous 
floor shall be laid and dressed to one level and tested before flooring begins. 

4. All joists, wall plates, bearers, and the underside of planking shall be given 
two coats of hot wood preservative such as sollgnum, creosote, or coal tar, as directed 
by the Engineer-in-charge. The rate does not include this work, and shall be paid for 
separately according to the rates for painting with these materials. 

S. The boarding for the floor shall not be planed on the underside in the ca.se of 
ground floor and suspended floors to be coiled. Unless otherwise spuified er shown 
on the drawings, In the case of deodar, kall or chlr-wcod, the boards or banens sha:I 
be l¼-lnch thick, not more than 6 Jnches wide and not more than JO feet Ieng. In the 
case of teak they shall be I Inch thick, 4 inches wide and a!: long as possible. No board 
shall be less than 6 feet long, the ends being truly squared up after any split portion 
has been sawn off'. All boards shall be uniform and parallel In width, and of the same 
thickness. 

6. The planks shall be planed true on one side {on both sides for unc£iled upper 
floors) the edges to be planed, rebated or tongued and grooved, as dlr£ctcd by the 
Engineer-In-charge. Unless otherwise specified the edges shall be tongued and 
grooved, with concealed iolnts for teak wood floors, and rebated joints for other 
floors. 

7. The outer lines of boarding shall be accurately fixed parallel and close 
to the wall. Each subsequent line shall have the side joints carefully jointed up, 
and shall then be cramped Into position by floor cramps, and nailed or screwed as speci
fied, so that the heads shall be sunk below the finished surface of floor, or otherwise 
fixed with "secret jolnu". The cramps shall not be removed until the nails or screws 
have been ~xed. The ends of planks shall rest on ~~e centre of a joist and the ends of 
no two adjacent planks shall be on the same joist. Paved floors shall be stopped under 
a brass strip screwed to wooden floors where the two meet. 

Wood Work -

Floor Bearers: 
Ground Floors 

Floor Bearers: 
Su1pended Floors 

Floor Bearers: 
Material and Flxln1 

Preservatives 

loardln1, Materials 
and Size 

Joints 

Plankln1 (Method 
of Layln1) 



Nails and Screw• 

Planln1 

Measurements 

Rate 

....-::::--,., 

8. Nalls and screws shall be subject co the approval of the Englneer-ln-char,e 
and shall be In length at least twice the thickness or the plank, two being used at each 
end and one at every Intermediate Joist altemately on opposite sides of the plank. All 
screws shall be oiled before they are Inserted. 

9. After the floor has been laid, It shall be planed In both directions and made 
perfectly smooth. All depressions In the wood, nail holes and small defects or 
every kind, where permitted by the Engineer-in-charge to remain In the work, shall, 
unless otherwise 1petlfled, be filled with "Beaumontage·• or stopped ou1 wax conform
Ing co Specifications No. 'J.7.2 -

10. The measurement of wood flooring shall be done by superficial area. Th• 
unit ~r measurement shall be 100 square feet. 

I I. The unit rate shall Include the floor boarding laid and fixed In position and 
planed In both directions, provision of brass screws In the case or teak wood floor where 
concealed fixing Is not employed. The operation llke sand papering, olllng, waxing, 
staining or varnishing are not covered and shall be paid for sepantely. The unit 
rate does not Include Joists, wall plates, bearers, beams, rolled steel Jolsu, nils, con
crete or masonry pillars, and payment for these shall be made separately. 
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TABLE SHOWING sazu, OPl'CHOWKATS. PRAMS' AND OTHlll.PAllTS OP DOOIIS AND NDOWS -
AS WELL. AS THE NUHHR. SIZE AND TYPE OF FITTINGS INCLUDED IN THE RATE 

8o/u-Slu, Number and Position 
Linc Particulars or t pe Size of No. of Thickness Width or Hinges Top Batten Top of Lock or Handles Hinged Door Line 

No. of doors an chowkat hold of 5tyles No. and of of mas• under frelze {u) chock, stops No. 
windows fast leaves rails size muter ter style style rail Remarks 

{a) (e) ledges or style or 
braces bottom 

(h) rail 

2 b J 4 s 6 7 a 9 10 II 12 ll 14 15 16 

-- - -
GLAZED OR 
PARTLY GL~ZED 
FRAMED DOORS 

(P:irtly pan(;IIJ or " a. Dimensions given ... , .... , i a re o utto ouc or che 

Double upto 4' 7 · 3" x4iH 4 IJ"• Ji'" 6-4· 1-9· 1-9· 1-9· 6"-? · 3-6" 2-4" 2-6" chowkat concainlng 
the leaves exce(.c 

2 Double excee, lni:; where marked 1) 

4'x7' upto 5'x ' J}"x-4-i" 6 2~ 4~ 6-5" 1-(0) 1-9" 1-(0) 8"-p. l-9" 2-6" 2-8" 2 where the dlmen• 
sions or each leaf 

J Double exceed ng Is given. 

5'x8' J1"xS" 6 2" 4 i • 6-S• 1-(0) 1-12· 1-(0) 10•-p. 3-10" 2-9" 2-12"' 3 
b. No chowkat doors 

4 Single upto 3· 6f l"x4!" 4 I I" ' 4" 3-5" 1-9· 1-9" B"-q. 2-0• 1-4" 1-6· .. will fit Into rebate 
In the walls and 

s Sini;le excee in& lintel, 

l'x6l' ]")(4i'' .. 2~ .. ) " 3-S" 1-(0) I -9" 10•-q. 2-6" 1-6" 1-8" 5 
c. Dimen5ion given ls 

FRAMED DOORS for a chowkat carry· 

PANELLED OR ing two sets of 

BATTENED 
leaves. 

6 Double opto 4' 1' 3"x4l" .. 1•· 4• 6-4" 2-9" 2-9' 2-9" 3-5" 2-4" 2-6· 6 d. Chowkilt to be the 
• nme u for main 

I Double exceeding door or window. 

-I' x7' ,,;,to 5'x1' . . J~"x4t" 6 2" 4) .. 6-S" 2-(0) 2-9· 2-(0) l-8" 2-6" 2-8" 7 
e, Number to be in• 

8 Doul:>lc! exc~e ing «-eilsed by 2: if 

5'x8' 3~ "x5" 6 2" S" 6-s· 2-(0) 2-12· 2-()) 3-IJ" 2-8" 2-12" 8 there i5 no sill. 

9 S1nzla upto 3'" r 3"x4j" .. w 1·· 3-5" 1-9" 1-9" 1-9" 1-6" 1-4' 1-6· 9 r. l¼•inch deodar 
~ ledges and braces 

Ii> Slnile exceedin l'x6i' 3"x4j" 1 2'' ... 3-5" 1-(0) 1-9" 1-9" 2-6" 1-6" 1-S- 10 and, I inch battens, .. ' 
!I Garr~ge doors (b) 2½" r 6" 6-18", 14"-p. (t) (t) II C, I l•inch ledges and 

braces, I inch bat• 

LEDGED ND tens. 

BRACED DO I RS h. (I) Meeting styles 

12 Dou!>le u;ito 1',:7' S",c4i" .. 2!",. -I" 6-9"(k) 1-9" 1-'J" 1-9· 6"-p. 3-9" 2-4" 2-6" 12 may be 3 quarter 
of the dJmensions 

I l 

o ..... '""t' given. 
,t'x1' .. 3J",c4f' 6 ll" g. 6 -IO"(kl I-Ir 1-9· 1-12" s•-,:,. l-5" 2-4 .. 2-6" 13 

(ii) For doors u pto 7 ', 

1'4 Single t1pto l'x i' ]" <4r· ., 2rg. 4" l-8"(k) 1-9" 1-9" 8"-q, 2-6" 1-4· 1-6" 14 8' and above a• in 

Si,1gle exceedin~ 

height, the lock• 

J s railsshould be6•, 

l'x6i· I .. J" X 41 • 6 2rg. .. i .. 3-IJ"(k) I-Ir 1-9" 8"-q . 2-6" 1-4" 1-6" IS 7• and 8" wide, 
respectively and 

LEDGED DOQRS the bottom rails 

AND COUN,RY 
B", 9• and 10· 

DOORS wide respectively. 
• 

16 Double all sizes . . l!" ~·- 1 21· g. 4" 6-S"(k) 1-(r) 1-(r) 16 I. Strap hinges hung ., 
on I Inch diameter' 

17 ,,.,,. '" ''"l·. Jt•x4J· 4 l¼"g •• .... J-IO"(k) .. 2-(r) 17 pintles nxed to 
hold fasts which are 

WIRE GAU D embedded In cement 
DOORS concrete blocks let 

Into the wall, 
18 Double upto 4' 7• 3"xS"(c) Ii" 4" 4-5"(1) 1-9" 1-9" 2-a• 2-4" 18 

k. Cross garnet or 

19 Double excce Inc "T" hinges-Dimeo· 
4'x7' 3i"xSj•(cl w 4• .. 6-S"(I.) 1-(0) 1-(0) 2-8" 2-5" 19 sion given is the 

~ length of the strap. 

20 Slnilc upto 3'x f 3"x5"(c.) w 4" 1-5"( I.) 1-4" 1-8" 1-4" 20 
I , Single acting 

ll Single exceedin spring hinge.1. 
3'x6j' lt" xSl"(c) ll" 1r· J-5"( I.) 1-4" 1-8" 1-S" 21 

m. Two double action 
SWING DO RS spring hinges per 
ALL VARIETI S leaf; no blanks. 

22 Si,o ol ,.,, ••t o. Length to be 
l'x6l' (:1) •• l"x4f' 4 If' 4~ 2-~"(m.) 22 such that the bolt 

ls 6 feet 3 Inches 
2J Size of I eaf exceed· from the floor. 

ing 3'x6l' (;;i) l"xS' 6 II" 4l" l-S"(m.) 23 p. Black japanned 
wrought steel safe-

WINDOWS ty h:up (strap 
covering up fixini: 

21 Glued double vpto I screws): 

l'xS' J. 3",tl!". 4 ll" 2r '4-4" 1-(0) 1-4· 1-(0) l-S" 2-4" 2-5" 24 
q. GalYanized Iron 

2Si Gli1Z,ed double X· safety door bolt 
ceedlng l'xS' pto with sup le for pad· 
ot'x5' 3"x4" 4 If" 21" 4-4" 1-(0) I ... 1-()) 2-6" 2-t" z-s· 2S lock. -> 

26 Glazed double X• r. Good quallty 
ceedlng 4'x5' l"x4t" 4 2" ]" 4-5" 1-(0) 1-9" 1-(0) 2-3" 2-5" 2-S" 26 galvanized iron 

or japanned chain 
27 Glued single u to and suple. 

2'x5' ]·x)I" 4 It" l" 2-4" 1-(0) 1-4" 1-s· 1-4" 1-5" 27 
s. Non•twlst coloured 

28 Gla:r.ed single e cord with wooden 
c:eedlng 2'x5' J"x4" 4 11" 3" 2-5'" 1-(0) l-6" l-8" 1-4" 1-5" 28 weight: also brass 

cleac on wooden 
Fanlighu 29 (d) 2 Ii" 2}"x]• 2-4"' 2-4" 1-8" 29 shield fixed to the 

wall. 
30 Clerestory win ws 3"x3" l w 3" pivots (s) 30 

t. Two 14• tower 
31 Battened dou le bolts fitted to the 

all sius 3"x4" .. ll"'g • ]" 2-e·(k) 1-(r) 31 bottom of styles 
and working In 

32 Battened single all eyes flxed to door 
sizes .. 3"x4" .. 3l"g, 3" 2-B"(k) 1-(r) 32 stops, fixed In the 

fbor. 
33 Wire gauz1d u to 

2'x5' (a) 3"x4f"(c) w 3" 2-4• 1-co> 1-4" 33 1.1. Handles to be of 

34 Wire gauzed e -
Dest pressed steel, 
black japanned. 

ceedlng l'x5' ( 1 3"x5" It" 3t· 2-4" 1-(0) 1-4" 34 Dimensions given 
are overall. 

3S Wire g;su:r.ed s ut-
ters to C. S. 

1'n:. 

t 
dows l"'x2i" It" 21" 2-4" 2-3" 1-4"' 35 

~~-~......._ ------ ~ ______ ,. .. _.J::........._ .... -..1...-
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PAINTING AND VARNISHING 

Introduction 

By painting is meant the application of paint, varntsh, enamel and other protective 
coating In a liquid form to the surface of wood, metal, brick, or other materials to 
form a thin coating or film which solidifies and sticks to the surface. This coating ls 
applied for one or more of the following reasons: 

• to protect the surface from the elements and from wear; 

• to improve its appearance and give It the desired colour and finish; 

• to facilitate deaning; 

• to improve the lighting of Interiors of buildings. Stains are applied to wood 
surface to produce the desired colour; 

• to emphaslie the grain, or to protect the wood. Metal surfaces may also be 
galvanized, sherardlzed, tln•plated, teme·plated, chrome•plated, or nlckel•plated 
for their protection or Improving their appearance. 

The surface to be painted must be properly prepared because a large number of 
defects, appearing afterwards can be attributed either to faulty preparations or to the 
improper seasoning of wood. 

Assuming the wood to be properly seasoned, the surface Is prepared by carrying 
out following operations In succession. 

(a) RUHING WITH PUMICE OR MEDIUM ANO FINE GRADE SAND PAPEA-Thls 
rubbing Is continued till the surface becomes perfectly smooth. 

(b) KNOTTING-This Is done before the application of a priming coat to cover all 
knots In wood so as to prevent any exudation of resin or any mark from showing, 
through the three common methods of knotting: (I) Lime knotting (11) Ordinary 
size knotting, and (111) Patent knotting. Knots In deodar or other resinous woods 
are painted over with hot lime and scraped off after 241 hours. The knots are primed 
with red lead and glue Is laid hot on them. A coat of knotting varnish Is then applied 
and the surface Is rubbed smooth with pumice stone or sand paper. 

Ordinary slxe knotting is applied In two coats. The first Is made by grinding red 
lead in water and mixing It with strong glue size used hot. The coat dries In about 
ten minutes. The second coat consists of red lead ground ln oil and thinned With bolled 
linseed oil and turpentine. .. 

Patent knotting consists of two coats of a varnish made by dissolving shellac In 
methylated spirit or naphtha. Knotting may be composed of S oz. of pure shellac 
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dissolved In a pint of methylated spirit. After It has been thorou1hly dissolved, I /2 oz. 
of red lead Is put Jnto It and stirred. This Is suitable for 1eneral purpose. 

(c) PRIMING-Priming coat Is the first coat applied to fill the pores of wood and 
prepare a smooth base for the subsequent coats of paints. It also quickens their 
dryfn1. A priming coat may be of red lead, or red and white lead mixed fn double 
bolled linseed oll {7 lbs of red lead or 7 lbs of red and white lead, mixed with 3/'4 of a 
gallon of oil) and may be applied with a brush or spraying machine. 

(d) STOPPING-This means the flllln1 up or nall holes, cracks and other Inequalities 
to level the surface. Stoppln1 Is done as soon as the priming coat dries up, with ordinary 
putty made of 2 parts of whiting, I part of wliite lead, mixed together In linseed oll 
and kneaded (3 oz. linseed oil to I lb. of whiting). High class Interior work can be 
stopped with a mixture of 1/3 of white lead and 2/3 of ordinary putty. In the case of 
varnishing, the wood surface Is usually stopped with hot weak glue size (one lb. of clue 
making about one gallon of size). When the surface dries up, It Is thoroughly sand· 
papered. Stopping out wax Is also a very useful preparation for concealing defects In 
wooden surfaces to be polished. It Is applied hot and seu quite hard. As It does not 
take stains after setting, It should be coloured during Its preparation to suit the finished 
work. 

After havlnc prepared the surface In the manner described above, a second coat 
of paint of the desired quality and colour Is applied exactly In the same fuhlon as the 
priming coat. As soon as It dries up, the surface Is rubbed with pumice stone or 
glass paper. This Is followed by second and subsequent coats. Each coat Is 
allowed to drt completely before the next 15 applied. Thin coats of paint are 
preferable; for thick coau not only take longer time to dry up but also scale off after 
some time In the form of blisters, 

Turpentine Instead of oil ls used for the surface which ls exposed to strong sunli&ht 
because oil paints show up all defects. The proportions used are 2 lbs of white zinc. 
I lb of turpentine and 1(2 lb of boiled linseed oil. For palntin& white, white lead 11 
used for the surface exposed to weather and white zinc for Interior works. If lead 
paJnt hu been used, dry rubbing of surface should not be done on any account, since 
It causes lead poisoning among painters. Instead, waterproof sand papers or flint 
paper and cloth should be used. 

Note: Woods having an excess of resin or oils are unsuitable for polished or 
painted work, e.g. the resin of deodar shows luelf up In the discoloured 
patches even through a number of c.oau of paint. 

Repainting of wooden surface Is done In the same manner as the original painting; 
the dlff'erence lies only In the preparation of the surface. 

If the old surface Is firm and sound, It Is rubbed with pumice or soap stone and 
washed with dhobl's earth and water. Afterwards all those processes like 
knotting, priming, stopping and rubbing are carried out to obtain a properly prepared 
surface for second and subsequent coats of repainting. If the old paint Is In a blistered, 
cracked or perished condition It has to be completely removed and the surface prepared 
afresh for painting. Surface marked with smoke or otherwise dirty ts cleaned by 
applying a coat of 3 lbs clue and 3 oz unslaked lime bolled In one gallon of water. 
Greasy places are brushed over with turpentine and then washed with soap and water. 
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There are a number of rudy-made paint removers. If none Is available, any one • of the following methods can be used (or removJns the old paint. 
Paint RemOftl'S 
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very carefully with a piece of cloth securely tied on one end of a long wooden stick. 
It Is very dangerous and harmful to the eyes and skin, and, therefore. should never be 
touched by hand. A few hours after It has been applied the surface Is thoroughly 
washed with dean water and neutralized with a weak acid solution or vinegar. 

(b) Old paint may be softened by repeated application of naphtha. The surface 
can be then rubbed and cleaned. 

(c) One lb of counuy soda (saJII) may be dissolved In hot water and mixed with 
stone lime to make a creamy paste. The surface. to be cleaned, Is well coated with it and 
kept moist for at least 3 hours. The paint would become soft and can be easily rubbed 
off. To quicken the action unslaked llme may be used and the mixture applied hot. 

(d) One part of soft soap may be mixed to two parts of powh and the mixture 
dissolved In bolling water. Then lime Is added to It. Thfs mfxture may be applied, 
whlle It Is still hot. with a brush on the suface ofthe old paint and left on for 12 to 18 
hours. It would soften the paint which can be easily removed by washing with hot 
water. 

(e) Sodium carbonate or washing soda diluted with water would clean greases 
and fats from the old painted surface. (One lb of washing soda is sufficient for one 
gallon or water.) Hot water would quicken the action of washing soda . 

(f) Two parts or quicklime may be mixed with one part of washing soda and made 
to the cdn,lstency of a cream. A coat of this cream would soften the old pain: very 
quickly. 

Thick layers of old paints are generally burnt with a blow lamp and scraped. Flame 
or blow lamp cracks window glasses for which proper precautions must be taken. 

• Painting should be avoided during wet season. 

• No painting should be done on a stormy or rainy day. 

• Painted surface should not have any brush marks, runs or specks. 

• If the wet painted surface Is spoiled by any weathering action It should be 
rubbed and painted afrflh. 

• The paint should have a proper consistency. It should not be thinned 
down so much that It flows off' the brush when It Is being applied. 

A coating of paint of Insulating and non-combustible type sodium silicate or am• 
monlum phosphate acu u an efficient fire retardent. These chemicals decompose on 
painting and give out non-combustible gase1 and water-vapours which dilute the 
unflamable gasses and retard the combustion of wood. They also form readily a dense 
layer of charcoal and a fused viscous mass and protect the wood from radiant heat. 
The surface of wood Is thus cut off' fr.pm the supply of oxygen. 

Varnishing and palntlns are similar operations: painting Is generally prescribed 
for exterior works and varnlshlns for Interior works. In both the cases, the surface 
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11 prepared ln almost the same way. Wood work when prepared Is sized with a coat 
of thin dean glue. If the wood Is of oily nature a little brown earth and ochre ls added. 
That Is why varnish does not dry up readily. This Is applied hot and rubbed smooth. 
A second coat of thin dean glue with necessary quantity of staining colour having equal 
parts of burnt umber and burnt sienna Is then applied, and rubbed smooth with flne 
sand paper when It dries up. Two coau of bolled linseed oil can be given Instead of 
glue size. Varnishes are applied In thin coau over the surface prepared In the above 
fashion as soon as It dries up. Of all the varnishers available English Copal varnish Is 
considered the best. Normally for an old work a single coat would do, but for a new 
wood work a second coat Is applied after th'9first has completely dried and rubbed 
with fine sand paper. Rubbing Is done before and after each coat of varnish except the 
last. One pint of varnish covers about ISO square feet of surface In a single coat. 
Wood varnish dries up and ls free from stickiness within two days. 

It ls a spirit varnish applied to the prepared wood surface with a polishing pad of 
soft doth and not with a brush. with quick and light strokes along the grain. The doth 
contains absorbent cotton filling. Several coau will be necessary before the desired 
shine and finish Is achieved. The pad may be dabbed with a drop of olive or mustard 
oil after each coat to allow a smooth working and finish. The wood to be polished 
Is fint painted with a filler composed of S lbs of whiting mixed with 1/2 gallon of 
methylated spirit and then sand papered. when dried. Fillers can also be made In any 
of the following ways: 

(1) Whiting mixed with water. 

(11) Linseed oll and bee's wax (3:1) bolled. 

(111) Plaster of Paris either In water or raw linseed oll. 

French polish is worked upon the surface of hard wood to obviate the effect or 
grain. 

The surface of wood work Is smeared with wax polish prepared in the manner 
prescribed In the chapter of paints and rubbed with a soft flannel to a fine polish after 
24 hours of Its application. Wax polishing ls mostly used for polishing the cement 
concrete floon. l 

One lb of bee's wax Is mixed with 3 lbs of double bolled linseed oil and heated over 
a slow fire tlll lt melts. It Is allowed to cool and then I lb of turpentine Is added to 

It. This will cover about 800 square feet of wooden surface. The wood work can also 
be oiled with country's sweet oil to which equal part of vinegar and turpentine have 
been added. This gives a darker effect. The mixture or oil and water should never 
be used. 

Whiting ml,ced with zinc and water Is used for whitening ceilings and walls. 
Whiting Is made by reducing pure white chalk to a fine powder. 

In order to protect metallic products from corrosion, surface treatment Is extreme• 
ly essential. and painting ls one of the many methods employed for this purpose. In 
addition. It Improves the appearance of the article or Structure. 

PREPARING IRON WORK FOR. PAINTING-It Is essential to remove all rust, scale 
and dirt and have the surface absolutely cleaned before painting. Special attention Is 
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paid to the deaning of cornen and re-entrant ancle. Usually any one of the following 
methods fs employed depaidlng upon the nature of surface to be deaned:-

1) loose dust Is removed by brlstle or wood fibre. 

1) Rust scale and perished old palnu are burnt off by the applfcatlon of flat 
oxy-acetylene flame and then rubbed off with wire brushes and scra~ 
ers. 

3) Oil and grease can be removed by gasoline (petrol) or benzine, excess of 
which shall be wiped olffrom the surface. 

4) Old paint can be loosened by applylng a solution of country soda and fresh 
slaked lime In equal parts. 

PIUMIHG OR UNDER COAT-Priming coat can be a mixture of pure linseed oil and 
dry red lead In the proportions of I gallon of oll to 33 lbs of red lead. It ls applied by 
brush or spraying machine Immediately after deaning the surface of the metal when 
It has dried up. If this coat Is spoiled by rain within 24 hours of Its applfcatlon, It is 
removed and another coat Is applied. 

SECOND ANO SUBSEQUENT COAJS--The second coat Is applied when the 
priming or flm coat has thoroughly dried and set I.e. after about four days. It 
may be red oxide paint or paint with aluminium or graphite base (red oxide paint 
may consist of 6 lbs of red oxide paint, I lb of lamp black and I gallon of bolled 
linseed oil). The third coat Is applied when the second coat has dried completely. 
It may consist of 7 lbs of red oxide paint, and I gallon of bolled linseed all. For less 
Important Iron works. or for roof coverings red oxide paint can be made up of the 
followlng constituents. 

(a) Red oxide powder dry 

(b) Raw linseed oU 

(c) Bolled linseed oU 

(d) Turpentine 

IO parts by weight 

.. •• •• •• 

U II •• 
II ti •• 

One gallon of this paint will cover about «>O square feet of surface In two coats. 

All structural steel work Is primed and preferably given a coat of red oxide paint 
before erection, except the surfaces to be revetted In contact and the surfaces which 
have to remain In contact With concrete. Iron and steel work can be protected from 
rust as a temponry measure by means of a coat of whitewash or by covering It with 
slaked lime. Iron exposed to weather can be protected temporarily by a coat of paint 
made with P.Ulverlzed oxide of Iron. linseed oil, and a drier. A coac of cement wash 
Is also benefidal. 

Paint does not adhere to the new galvanized Iron surface. It Is exposed to 

weather for at least one year before palnGng. If It Is necessary to paint It earller the 
galvanized surface Is treated with any one of chemical mixtures mentioned below. 
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The mixture will tum the surface black. The compositions of these chemical mixtures 
are:-

1) Copper acetate 
11) Water 

I) Muriatic acid 
11) Copper chloride 

ill) Copper Nitrate 
Iv) Sal-ammonia 
v) Hydrochloric acid 
vi) Soft water 

or 

6-8 ounces 
I gallon 

2 ounces 
2 .. 
2 
2 

.. 
•• 

Small quantity 
I gallon 

Besides, the galvanized surrace an be treated by washing It with vinegar or 
slaked lime and washing soda. 

The surface treated by any ohhe above methods can be painted with a prlmln& mat 

after about 12 houn. The paint may either be obtained ready~made from the market 
or prepared by mlxln1 red lead with linseed oil and turpentine In equal proportions. 

Unprotected Iron work suffers an average reduction In thickness or face by 0,003 
Inch per year If It Is submerged In sea water and 0.002 Inch per year If It Is submerged 
In fresh water. From these figures It Is obvious that painting oflron work under water 
Is essential to sareguard against this recurring waste. Iron or lead oxide paint Ii 
sometimes satls(aetory, but Khankl mixture Is the most durable paint known so far 
for Iron work under water. The mixture Is applied hot, and two to three coau are 
sufficient. Subsequent coau are given only after the previous ones have dried up. 
Anti-corrosive black enamel palnu and asphalt paint (asphaltum dissolved In naptha or 
benzine) are also used for this purpose. 

Tar Is applied as hot as possible. If practicable, the artlde Is dipped Into the tar. 
Preferably the Iron article to be painted Is heated red hot and then tar Is brushed over. 
One lb of tar would cover 10 square feet. Tar paints are prepared In the followln& 
manner: For every gallon or tar 2 lbs of unslaked lime Is added and the mixture heated 
till It begins to boll. It Is removed from the fire and kerosene oil equivalent to I/4th 
of lu volume Is added very slowly. Instead of kerosene oll. country spirit an be 
added In a proportion of 1/2 pint of country spirit to I gallon of tar. Solignum or 
creosote Is also used sometimes. These too are also to be applied very hot. 

For painting walls, floors, etc., rubber paints or alkali resisting prlmen on plastic 
emulsions or cement paints are usually employed. They have been described In deull 
In part I. A brief description of their application is, however, given below:-
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(1) The free alkali in new lime and cement plaster npldly destroys the oil In 
paint and prevenu It from drying. For this reason, It may not be possible 
to paint a plastered wall till after 12 months of lu completion. In such 
cases the wall Is whitewashed In the first Instance. 

(11) All loose and flaking material Is removed from old walls by scraping or 
wire brushing. All dust, dirt, oil, grease or efflorescence are carefully 
removed. 
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• (lit) The walls are primed with bolled linseed oil or clue size (glue mixed with 
water); 1lue size Is not used If the walls have been whitewashed. 

(Iv) First two coau normally consist of white lead and boiled linseed oil. The 
third coat can be of white lead tinted to approach the desired colour and 
mixed with raw linseed oil and a small proportion of turpentine. 

(v) The finishing coat should contain a large proportlon of turpentine with a 
frttle varnish to serve as a binder and applied when the previous coat Is 
still sticky. This wlll give a flat tinlsh as a glossy finish coat shows up the 
lrregularltles In the plaster. 

(vi) If a wall is to be painted Immediately after It Is cement plastered. without 
waiting fer a period of 12 months as mentioned in No. (1) above. a solution 
of S lbs of zinc sulphate In a gallon of water should be applied on It and 
when It dries up a coat of pure raw linseed oil should be given. Alterna
tively the surface can be treated with dilute sulphuric or hydrochloric acid 
(I part .icld to 50 parts water) and then washed with water. Two coats 
of pillnt thinned with turpentine and having a little varnish as a binder 
are then applied In succession. For the third coat. paint Is thinned with a 
mixture of 3 parts of bolled linseed oil to I part of turpentine. The finish• 
Ing coat can be the same as for l!me plastered wall mentioned above. 

A few varieties of ready-made paints are now available In the market which need 
no such formalities of surface treatment or waiting for 12 months and can be applied 
directly on newly-plastered walls. 

Before painting damp walls they should be treated as described below, since 
I 

otherwise the paints would not stick to them. 

Take paraffin 2½ gallons. benzoline 2 gallons, pale resin 14 lbs In a vessel and 
shake them well. When completely dissolved add 2.f lbs whiting and grind the whole 
mixture thoroughly. This mixture Is kept airtight to prevent drying and l or l 
coau. depending upon the dampness of the wall. are applied as ordinary paint. It 
wilt dry up hard and then any suitable variety of paint can be applied. which will 
stick to It. 

Cement paints are available which are water paints and an be applied to all cement 
or concrete surfaces and brickwork. These paints resist the penetration of moisture 
and have panlcular advantage for use over exterior walls or floors. They are of two 
types, for general use and for use on water retaining structures. Neither of them 
may be mixed with sand (silica) when used on open textured walls. They are available 
In powder form and are stirred Into water just before use and applied with distemper 
brushes. 

The surface to be painted Is first of all cleaned of all dust. dirt, all. grease er efflores
cence and wetted. Soap Is not used for deaning. The cement or concrete surfaces 
are cured. and a period cf at least 3 to 4 weeks Is allowed to lapse after curing before 
they are painted. Generally two coats :re suffldent for m01t purp01es and an Interval 
of not less than 14 hours should lapse between the two coats. About I galfon of mixed 
paint Is cor_,sldered sufficient for 100 square feet of smooth surface and '40 square feet 
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or very rough surface. After the paint has sufficiently dried. the surface should be kept 
wet for about 3 days by means of a light spray of water applied several times a day. 

It Is applied on walls, floors, etc, of dark rooms and racquet courts. It has the 
following lngredlents:-

(1) Lamp black 10 lbs 

(U) White lead 

(flf) Bolled linseed oil 

(iv) Turpentine oil 

6 lbs 

10 pints 

I pint 

A paint prepared with above weights and vo1ume of Ingredients covers 800 square 
feet of surface area. 

The brushes should be of bristle and not horse hair. Bristles can be distinguished 
by the fact that each bristle Is split at end. A good brush has springiness In the bristles, 
and usually following sizes of brushes are employed:-

(1) 12 to 1'4 Inches 

(II) 8 inche.s 

(Ill) 6 Inches 

(Iv) 2 to 4 Inches 

For dusting large flat surface 

For greater work 

For wood work 

For fine work 

A round brush Is considered the best for painting. New brushes should be 
placed In water for 2 to 3 hours and then allowed to dry for I hour before use. When a 
brush is used for another colour or Is no longer required, It should be cleaned at once 
by dipping Into kerosene oil. Old brushes should be kept In water or raw linseed oil 
(covering the bristle only) when not In use. 

The paint should be applied by the end of the hair, and not by the sides. Applica
tion by the sides Is not satisfactory. and the brush wears out more rapidly. Brush 
should be reversed at frequent Intervals so that It wears down evenly. A free easy 
strokeshould be cultivated. Short and jerky strokes result In uneven surface. Stretch
Ing the stroke too far also results In uneven surface. 

When spraying machines are being used for painting the Instructions given 
below should be followed. 

(a) The gun should be held 6 to IO inches from the obtect to be painted. Gun 
should be moved across the surface with steady and even strokes made with a free arm 
action. The gun should be kept perpendicular to and at an equal distance from the 
surface throughout the operation. Before actual work. gun should be tried on a 
cardboard surface. etc. 

(b) The adjusting screw on the gun should be closed while starting and opened 
gradually till the spray runs right. A distorted spray Indicates dirty air caps In which 
case It should be taken off' and washed carefully In a clean solvent. 

(c:) Spray painting should not be employed for paints containing lead or for painting 
Joinery work which should be done Invariably by brush to obtain proper penetration 
tnto Joints. cracks. etc. 
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NO, 27,1 PAINTING AND VARNISHING (GENERAL) 

pnlllutioncr------------------

I. Unless otherwise specified, no painting shall be done during wet, fo,cy or 
dusty weather or In the direct rays of the hot sun. 

2. Unless otherwise specified, all wood and Iron work shall be given three coau, 

including the priming coat. 

3. Surf ate shall be thoroughly cleaned of all dust, rust, din. oil, grease, etc., and 
rendered smooth ~nd dried before preparing It for painting or varnishing. 

4. A priming coat without colouring matter shall first be applied, after which all 
holes, cracks. knots, etc., shall be stopped with the specified putty. 

S. Paint shall be of an approved make and quality. 

6. (I) Paint shall be applied with proper brushes of approved quality or spraying 
machine as specified. 

(11) Paint shall be constantly stirred, while It Is being applied. It shall be stirred 
with a smooth stick and under no circumstances with a brush. 

(iii) When more than one coat has to be given, every coat must be completely 
dry. rubbed and all dust removed before the next Is applied. 

(Iv) Each coat shall differ slightly In tint from the preceding one, to distinguish 
quickly between each coat. The last coat shall be of the tint required for the finished 
work. 

(v) Each coat shall be approved by the Engineer-In-charge before the next Is 

applied. 

(vJ) All coats shall be applied evenly and properly, so that the work does not show 
any hair or brush marks, or drops of paints. The method of crossing and laying off' 
shall be normally applied, the latter In the direction of grains In the case of wood work. 

(vii) Paints, when not In use, shall be kept away from the air. The surface of the 
kegs of ground and mixed paints which have been partly used shall be covered with 

water. 

7. Painting and varnishing shall be measured by superficial area. The unit of 
measurement shall be 100 square feet. Moulded work of all kJnds, unless otherwise 
specified, shall be measured by running the tape over and Into all elevations and de
pressions. In the case of other classes of work painted on both sides the flat area of 
the surface on one side, lncludlnc gluing and chowkat, shall be multlplled by the fac
tors given below to arrive at the correct measurement of both sides for the purpose of 
making payment. 

{I) Panelled or battened doors and windows 

(11) Glued or partly glued d~ors or windows 

(111) Plate glass windows (large glazed area) 

Polntlnf and Varnishing 

1 times 

2 times 

I time 
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Weather 
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Surface 
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Palnt1n1 

Measurements 
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Labo-.lr Rate 

Composite Rate 

P,.,....tion of 
Suma 

_,_ .. ..,.... ---------

(iv) Wire guue doors or windows 

(v) Trellis work 

(vi) Grated doors and windows and other grating 

(vii) Palisade fencing 

I time 

l times 

I time 
I 

0.6 time 

(Note):-ln the case or chowk:it having two rebates, one for wooden door and the 
other for wire gauze shutter. the surface area oi the chowkat shall 
be Included In the measurement of only one door. 

8. The unit rate sh:lll Include the cost of cleaning, preparing and painting the sur
face according to the above specifications or any other specifications specially Included 
In the contract. It shall further Include the cost of providing, using and removing 
scaff'oldlngs, supports, ladder.s, shot with gunny bags at both ends, brushes or spray
Ing machines of approved type and any other tool or plant required for doing pa!ntlng 
as per above specifications and removal with turpentine or other approved methods 
of all defects from the painted surface to leave It perfect in every respect. It shall 
further Include the cost of all allied operations like the remonl of stains, smears, 
splashes and droppings on the walls, floors, glazing, furniture and other place.s. 

9. The unit rate shall Include the cost of ~upplying p:ilnts of approved quality, 
paint remover In ase er painting old work and all other material required for doing 
palntlni as per above spec:ificatlons at site of work in addition to the labour rate 
detailed In para 8 above. 

NO, 27,2 PAINTING NEW WOID WORK 

Specifications 

I. (1) PLANING AND RUBBING-Unless otherwise specified, wood work co be 

painted shall be finished smooth with the plane, but free from plane marks of every 
kind and rubbed smooth with sand paper, first with 2½ grade and then with 

I½ gnde or pumice stone. 

(11) KNOTTING-After rubbing all knots In the wood It shall be killed or covered 
with:-
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a) Two coau or patent knotting (shellac: dissolved in naptha). 

or 

b) Shellac varnish (5 oz shellac mixed with I pint of methylated spirit of 

vine, thoroughly dlssol\'ed and stirred with t oz. red lead}. 

or 

c) A preparation of red lead and glue sl:ie In equal weight applied hot. Knots 
In deodar or other resinous wood shall be painted over with hot lime. 
This paint shall be scraped of after 24 hours, the knots primed with red 
lead and glue laid hot. Then one coat of knotting varnish shall be applied. 
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(111) RU88JNG-.f\fter knotting, the surface shall be rubbed again with pumice 
stone, or fine sand p.lper before the priming coat ls applied. 

-(l~ltlMIHG-Olt-flR5-T-e6AT-0rt>AtNT= 1\U new wood work shalfoe properly 
primed before being fixed in position. In the absence or an approved ready-made 
priming paint It sh:ill be prcp:ared by mixing the followlng ingredients:-

(a) For Inside work (except In white and very pale shade): 

(1) Whit~ lead 10 lbs 
(It) Red lead ¼ lbs 

(Iii) Bolled linseed oil -11 pints 

(iv) Raw linseed oil 2 pints 
(v) Turpe:ttlne I pint 

(b) For outside work: 

(i) White lead 10 lbs 

{ii) Red lead ¼ lbs 
(Ill) Bolled l!nseed oil 2 pints 
(iv) Raw lin~eed oil 4 pint~ 

{v) Turpentine I pine 

(c) For white or light shade: 

{I) White lead 16 lbs 
(11) Lamp black ¼ lbs 

{ill) Raw linseed oil 5 pints 
(1'1) Turpentine I pine 

(d) Genuine white lead: 7 lbs 
Genuine red lead 7 lbs 
Bolled linseed oil I gallon 

or 

White lead IS lbs 
Red lead 0.30 lbs 
lltharge (drier) 0.30 lbs 
Linseed oil 6,50 pints 

The priming paints shall be applied either by brushes or by spraying machines 
a, specified. 

(v) STOPPING-After priming, all holes, cracks, gapping. joints and similar other 
defects shall be stopped with an approved putty made from pure whiting mixed 
to the proper consistency with raw linseed oll. A little white lead shall be 
worked In after mixing to help the hardening of the putty. 

2. Unless otherwise specified, second and subsequent coats shall be applied as 
per Speclfiatlons No. 27.1 for Paln~ng (General). 

3. In respect or measurement and rate It shall conform to Specifications No. 27. I 
for Painting (General). 
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NO, 27,3 REPAINTING WOID WORK 

Specifications 

I. (I) lhhe old paint Is firm and sound the surface shall be rubbed with pumice 
stone and washed thoroughly with soap. washing soda and water tlll all dirt, grease. 
projections and blisters. lfany. are removed and the surface Is rendered smooth, 

(ii) SumaH spoiled by smoke shall be cle:aited by the application or a coat of 3 lbs 
glue and 3 oz. unslaked lime bolled In one gallon of water, unless otherwise specified. 

(iii) Greasy surfaces shall be cleaned by applying a coat of turpentine over them 
and then washing them with soap and water. 

(iv) When the old paint Is In a blistered, cracked or perished condition, It shall 
be completely removed by burning off with a blow lamp or by means of a paint remover 
as specified or directed by the Engineer-In-charge. The blow lamp shall not be used on 
curved surfaces or surfaces adjoining glass, such as sashes, etc. Care shall be taken 
that the wood surfaces are not charred. 

(v} When a ready-made paint remover of an approved quality Is not available any 
one of the following recipes shall be used, unless otherwise specified. 
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(a} Naptha shall be applied repeatedly tlll the paint has softened. The sur
face shall then be rubbed and cleaned. 

(b) A coat of caustic soda (2 lbs of caustic soda to a gallon of water) shall be 
applied very carefully by means of a piece of cloth securely tied on one end 
of a long wooden stick. After a few hours of tu application the surface 
shall be thoroughly washed with clean water and neutralized with a 
weak add solution or vinegar. This paint remover shall be applied only 
when particularly specified and permitted by the Engineer-In-charge and 
shall not be touched by hand or allowed to come In direct contact 
with the wood. 

(c} One lb of country soda (sajjl) shall be dissolved In hot water and mixed 
with lfme stone reducing the whole to a creamy paste. The surface 
shall be coated with It and kept moist for at least 3 hours. tr the lime 
used Is unslaked and the mixture Is applied hot, the action shall be 
quickened. 

td) One part or soft soap shall be mixed to two parts or potash and the mixture 
dissolved In bolling water. Four parts of llme shall then be added to it 

and applied (while I: Is hot) with a brush on the surface of the paint and 
left on for 12 to 18 hours. 

(e) Sodium carbonate or washing soda, diluted with water, cleans grease and 
fat from the old palmed surface. One lb of washing soda shall be sufficient 
for one gallon of water. Hot water quickens the action of washing soda. 

(f) Two parts of quick llme shall be mixed with one part or washing soda and 
made to the consistency of a cream. 
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A coat of this cream shall soften the pa1ntca iurfact • 
• 

(g) (1) Palmatlc acid (vegetable) 25 pam by weight 
(II) Benzine __l5_pam...h)L.Wdgh1L------------

(III) Amyle accetate 410 parts by weight 

This solution shall be 3pplled by brush. 

(h) (I) Caustic soda 
(11) Whiting 

(111) flour 
Iv) Petroleum 
(v) Water 

14 lbs 
9 lbs 

2¼ lbs 
2½ gallons 
7 gallons 

The solution shall be applied by any approved method on the surface. 

(vi) After the paint has been removed the surface shall be rubbed smooth with 
sand paper, washed down :ind allowed to dry completely. It shall be wiped dean 
before paint Is applied. 

(vii) Arter rubbing all holes, cracks and other Inequalities, the surface shall be 
properly stopped In the manner specified under "Painting New Wood Works". 

2. (I) Arter preparing and treating the surface, It shall be painted according to 
Specfflcatlons No. 27.2 for Painting New Wood Work. 

(II) If old paint Is completely removed the cost or removal Is not to be Included In 
the rate for first coat. but shall be pa~ble separately. 

(Iii) Ir old paint Is firm and Is not removed completely but the surface Is only rubb· 
ed and treated, the rate for the first coat of paint shall Include the cost of treatment 

also. 

3. In all other respects It shall conform to Spec:lfiatlons No. 27.2 for Painting New 
Wood Work. 

NO. 27.4 VARNISHING 

Specifications 

I. (i) New wood work to be varnished shall be finished smooth with the plane 
making sure that no marks are visible on the finished surface. It shall be rubbed per
fectly smooth with sand paper or pumice stone. 

(U) Knotting shall be done as specified under painting. 

(Ill) srorr,NG-The surf ace of the wood shall be then stopped, with hot weak 
slue size (I lb of glue making aboutJ gallon of size) so as to close up the holes. The 
surface when It dries up shall be again thoroughly sand papered. After rubbing th, 
surfaces another coat of the same glue size shall be applied cold. 
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(Iv) If the wood work Is to be stained, the staining colour shall be mixed with se
cond con or size which shall be applied regularly, evenly and quickly keeping the colour 

on the flow. 

(v) If the wood work Is of an oily nature, a little •Multan I Mittl' and ochre shall be 
added to the first coat of size (otherwise varnish would not dry readily). 

(vi) The sized wood shall then be rubbed with sand paper leaving the colour even 
and rubbing with the grain. 

Varnish shall then be applied In very thin coats with a special fine-haired varnish· 
Ing brush and not with an ordinary paint brush. ..Unless otherwise specified, the bat 
Copal varnish, as described under paints and varnishes In part I, shall be used. If more 
than one coat have been specified the first coat shall be rubbed with the fine sand paper. 
Other coau shall be applied as directed by the Englncer•ln-charge. 

3. In respect of measurement, It shall conform to Specifications No. 27.1 for Paint• 
Ing and Varnishing (General). 

'4. The unit rate shall Include the cost of preparing. deaning, rubbing, knotting. 
stopping the surface and applying varnish on It as per above specifications. It shall also 
Include the cost of providing, using and removing scaffoldings, supporu, ladders shot 
with gunny bags at both ends, fine-haired special brushes for varnishing and any other 
tool or plant required for doing varnishing as per above specifications and removal of 
all defects from the varnished surface to leave It perfect In every respect. It shall fur
ther Include the cost or all allied operations like the removal of stains, smears, splashes 
and droppings on the walls, Roors, glazing, furniture and other places. 

5. The unit rate shalt Include the cost of supplying varnish of an approved quality 
and all other materials required for doing varnishing as per above specifications at site 
of works In addition to the labour rate detailed In para 4 above. 

NO. 27 ,5 WAX POLISHING 

Specifications 

1. Wax polishing shall be done where a dull polish, which shall not destroy the 
natural colour and graining of teak or shisham, Is required. 

2. (l) New wood work to be pollshed shall be finished smooth with the plane 
making sure that no plane marks are left after finishing. 

(11) The surface shall be mad~ perfectly smooth by rubbing it with sand paper or 
pumice stone. 

(111) It shall then be stopped and rubbed perfectly smooth first with medium grain
ed sand paper and then with fine sand paper, The final rubbing shall be done with sand 
paper which has been slightly moistened with linseed oil and rubbed for a few seconds. 

3. The bee's wax polish shall be prepared by mixing two parts of bee's wax with 
two parts of bolled 11nseed oil over a slow fire. When ft ls dissolved, but Is still warm, 
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rubbed continuously for at least half an hour. 

5. When the surfue Is quite dry, the second coat shall be applied In the same 
manner and rubbed contlnuou,ly for one hour, or till the surface has dried. 

6. The final coat shall then be applied and rubbed for two hours (more If neces
sary), tlll the surface has assumed a uniform gloss and Is quite dry, showing no signs 
of stickiness when touthed. The final polish depends largely on the amount of rubbing 
which shall be done contlnuou,ly with uniform pressure and with frequent chan1e In 
direction • 

7. In all other respects It shall conform to Specifications No. 27 ... for Varnlshln1. 

27,8 FRENCH POLISHING 

Specifications 

I. Unless otherwise specified, the wooden ,urface to be polished shall be prepar
ed according to the Specifications No. 27.4 for Varnishing. 

l. (I) After the surface has been prepared It shall be first painted with a filler 
composed of S lbs or whiting mixed with I /3 of a gallon of methylated spirit and then 
rubbed with sand paper. A thin coat of the polish shall then be applied. The surfue 
shall then be rubbed with sand paper before the second and subsequent coats are 
applied. 

(11) Alternatively, plaster of parls, red ochre (sufficient to tint It), and linseed oll 
are mixed together to form a stiff paste which shall be applied sparingly and rubbed 
hard on the surface to fill up the pores of the wood. Prior to this. a piece of rag 
moistened with linseed oil shall be rubbed on the surface. 

(Iii) The surface shall be rubbed smooth with fine glass paper a few hours later 
and then polished. 

(Iv) Unless otherwise specified, two coats of french polish of an approved type 
shall be applled. 

(v) To finish off, the surface shall be rubbed llghdy and quickly with a circular 
motion by means of a piece of nannel rolled Into the form of a rubber, covered with a 
piece of rag slightly damp with methylated spirit. If the rag sticks, the surface shall be 
touched with linseed oil. 

3. In all other respects, It shall conform toSpeclflcatlons No. 27.-1 for Varnlsh1n1. 
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27,7 OILING WOOD WOii 

Specifications 

I. Wood work not exposed to weather shall be oiled with linseed oil or sweet 
oll preparations as specified. 

2. One lb of bee's wax shall be mixed wltl\_3 lbs or boiled linseed oil and heated 

over a slow fire tlll the wax Is melted. Arter the mixture has cooled, one lb of 

turpentine oil shall be added. 

3. Country sweet oil shall be mixed with equal parts or vinegar and turpentine 
oil and shall be employed where a darker effect ls required or when particularly specl· 

fied. 

4. The specified oil preparation shall be up after cleaning and allowed to soak ln. 

5. In respect of meuurement and rates It shall conform to Specifications No. 17.1 
for Painting (General). 

27,8 PAINTING WOOD WORIWITH SGLIINUM 
01 CREOSOTE OR COAL TAR 

Specification• 

I. Sollgnum, creosote or tar, whichever has been specified, shall be of an 
approved quality. 

l. (I) Before applylni, solignum/creosote/tar shall be heated to Just short 
of bolling. 

(11) If tar Is specified It shall be thinned with kerosene oil or common country spirit 
In the followlng proportlons:-

4 parts tar to I part kerosene, or I gallon tar to ! pint country spirit: 

2 lbs unslaked lime shall be mixed with I gallon of tar to prevent its 
running 

The mixture shall then be heated to a near bolling point. 

(111) It shall be then applied with a stiff flat brush or a spraying machine as specified. 

(Iv) The paint shall be stirred occasionally while It Is being applied. 

(v) The ends of the timber pieces shall be liberally coated and, where possible, 
dipped In the hot sollgnum or creosote. 
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(vi) Where more than one coat hu to be applied, subsequent coats shall be 
applied when the previous one has dried, 

3. In respect of measurement and rates It shall conform to the Specifications 
• ~ N~N;Hor-Painting-(General . -
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NO. 27 ,9 PAINTING IRON WORK ABOVE WATER 

Specifications 

I. (1) Painting of Iron work shall not be done In damp, wet. stormy or extremely 
hot weather. 

(II) Too quick drying In the baking heat of a summer sun shall also be avoided. 

2. (i) If the iron h.is not been painted previously it shall be thoroughly cleaned 
of all run and scale by means of steel 1erapers, chisels, or steel wire brushes till the 
bright shining surface of the Iron appears. 

(ii) The surface shall then be cleaned with dry cotton waste :ind the paint applied 
Immediately. 

(iii) Each small patch shall be painted as soon as cleaned If the painting Is being 
done In damp weather since Iron begins to rust within a few minutes after It has been 
deaned. 

(iv) In repainting Iron work whose old paint Is sound, the surface shall be rubbed 
with wire brushes and scrapers and all loose paint that comes away shall be taken off. 
If the paint Is In a bad condition It shall be burnt off with a blow lamp or by other means 
as specified. 

(v) If It Is necessary to paint galvanized Iron, a coat composed of eight ounces of 
copper acetate added to a gallon of water shall be applied first, this being paid for se
parately. Unless otherwise specified, the first coat or paint shall be composed of 
genuine red lead mixed with raw linseed oil and turpentine in equal proportion. 

(vi) Second and subsequent coats shall be applied more uniformly with the paint 
brush In long strokes evenly drawn or with a spraying machine as specified. 

(vii) Sufficient time shall be allowed between the coau to allow the paint to dry 
up. Unless otherwise specified, an Interval or 24 hours shall be sufficient. 

3. (i) On new work, three coau shall be applled but on old work It Is sufficient 
co have two coats only. 

(11) Each coat shall preferably vary slightly from the preceding one In shade, jn 
order to ascerr:aln that full number of coats have actually been applied. 

4. The paint used shall be of an approved quality. 

5. In respect of measurement and rates It shall conform to Specifications 
No. 27.3. 
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NO. 27.18 PAINTING IRDI WIii WHICH 
IEMAINS UNDER WATD 

Specifications 

I. (I) Unless otherwise specified, the surface shall be prepared according to 

Specifications No. 27.9 for Painting Iron Work Above Water • 

.. 
(11) The paint shall be applied hot as soon as the surface is cleaned. 

(Ill) Subsequent coats shall be applied only after the previous one has dried. 

1. Unless otherwise specified, khankl mixture prepared In the manner described 
In Volume I Part I, page 70, or any other approved paint shall be used. 

3. Two to three coats as actually specified shall be given. 

.f. Work thus painted shall not be Immersed In water until It has dried up; one 

week shall be generally sufficient for this purpose depending upon the weather. 

S. In all other respecu not specified here it shall conform to Spedficatlons No . 
27.9 for Painting Iron Work Above Water. 

10, 27,11 CIAL TARIINC 1101 WIii 

Specifications 

I. (1) The surface to be coal-tarred shall be cleaned off all dust, rust, scale and 
crease, etc. 

(II) It shall be dry and c:le:an. 

1. To each gallon of tar l lbs or unslaked lime shall be added and the mixture 

heated till It begins to boil. Then It shall be taken off the fire and kerosene oll added 
co It slowly in the proportion of I part of kerosene to 4 parts of tar. 

3. (I) Tar shall be applied as hot as possible with a brush. On no account 
rags shall be used for applying tar. 

(11) Where possible, the article to be tarred shall be dipped In the hot tar. 

.f. In all other respects not speclfted here It shall conform to the relevant paru 
or the Spedficatlons No. 17.9 and 27.10 for Palntlnt Iron Work. 
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NO. 27.12 PAINTING PLASTER 
• 

• ~1 Specifications..------------------
.. 
' 

.. 

~ 

I. (I) Unless otherwise specified or directed in writing by the Engineer-In
charge, a plastered wall shall not be painted tlll 12 months have elapsed since plastering 

work was completed. 

(ii) In the absence or special primers and wall palnu, the plastered surfaces shall 
be prepared and painted as specified below: 

2. (I) All loose and flaking material shall be removed from old walls by scrapln1 
or wire brushing and the surface shall be carefully smoothed and cleared. 

(11) All dust, dirt, oil, grease or efflorcicence shall be carefully removed. 

(111) To ensure a uniform appearance to the finished work and to make a llme 
plastered surface non-absorbent, the surface, If not previously whitewashed, shall be 
painted with glue size or otherwise, with bolled linseed oil and thin size, tinged with 

red lead. 

3. (1) Having prepared the surface, a priming coat composed of equal parts of 
white and red lead mixed In boiled linseed oil to the desired consistency, shall be 
applled. 

(11) When the priming coat dries up, all cracks, holes and such other defects shall 
be filled up with a mixture of I part white lead and 3 parts ordinary putty . 

(111) The surrace shall then be rubbed with pumice stone or sand paper and dusted 
dean. 

-4. (I) Second coat shall consist of white lead and bolled linseed oil. 

{II) Third coat shall consist of white lead tinted to approach the desired colour 
and mixed with raw linseed oll as a carrier and a small proportion of turpentine as 

drier. 

S. The finishing coat shall contain a large proportion of turpentine with a little 
varnish to serve as a binder and applied when the previous coat Is still sticky and shall 
be evenly stippled over the surface with a stippling brush, so as to dry flat with a 

velvet-like surface. 

6, (I) In cue It has been specified or directed In writing by the Engineer-In-charge 
to paint a newly cement plastered surface without waiting for 12 months, a solution of 
S lbs of zinc sulphate dissolved In a gallon or water, shall be applied to the surface 
and when It dries up, a coat of pure raw linseed oil shall be given. 

{II) Alternatively, the surface shall be treated with dilute sulphuric acid or hydro
chloric (one part acid to SO parts water) and then washed down with water. 

Neither of these two treatments Is included In the rate and shall be paid separately. -7. Unless otherwise specified or directed In writing by the Engineer-In-
charge and In the absence of a special cement paint being specified, after treating the 
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surface, two coats or paint thinned with turpentine and having a little varnish as 
a binder, shall be applied. 

8. The third coat or paint shall be thinned with a mixture of three parts of 
bolled linseed oil to one part or turpentine. 

9. The fourth and finishing coat shall be given as specified for lime plaster In para
graph (S) above. 

f 10. The plaster painting shall be measured by the surrace area. The unit cf 
L measurement shall be 100 square feet. _ 

Rate 11. The unit rate shall be as per Speclflcatlons No. 27.1 (8) for Painting (General). 
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LINING OF CANALS 

Introduction 

Lining of canal means rendering its earthen cross-section impervious or semi
Impervious and smooth by laying some suitable material. 

A lined channel has the following advantages over an earthen channel:-

(i) REDUCTION IN WATER LOSSES: le reduces considerably water losses through 
seepage. A really efficient llnlng can reduce seepage losses from about 10 cusecs 
per million square feet of wetted area to less than one-tenth of a cusec. The follow
ing cable gives the seepage characteristics or llned and unlined channels (in cusecs 
per million square feet of wetted area), 

Type of fining Initial rate of Stablllzed rate 
seepage of seepa1e 

I. Unlined channel 22.<t 10.26 

l. Cement sand ( I :3) mortar sandwiched 
between two layers or 12•x6·xr tiles 0.507 0,027 

3. --4" thick cement concrete {I :3:6) 0.367 0.02 

Lining Is considered satisfactory if seepage loues are up to 0.5 cusec per million 
square feet of wetted area. 

(11) ECONOMY IN CROSS-SECTION AREA: The co-efficient of friction of a lined 
channel ls much less than an eanhen channel. and, therefore, higher velocities work 
out for the same slope which In turn require a lesser cross-sectional area for carrying 
a certain discharge. The danger or scouring the bed and sides Is also eliminated. 

(Ill) 8ETTfll COMMAND; On account or the reasons described In (11) above. the 
llned channel conveys a certain discharge to a certain place with a comparatively much 
flatter.slope than the eanhen channel and thus commands the area under irrigation In 
a much better way . 

(Iv) ECONOMY IN COST: Since the section of the canal is considerably reduced 
there Is a saving In the cost of excavation, connruction of masonry works and land 
acquisition. However, this saving Is not much on account of the fact that the cost of 
lining Is substantial, 

(v) LOWER MAINTENANCE COST: The race of deterioration of the cross-section 
Is much less. The cross-section hardly needs slit clearance since, usually, It Is designed 
on non-silting velocities. 
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(vi) STOPPAGE OF WATER PILFERAt;E: It stops the pllrerage or water by 
cultlvaton. 

(vii) PREVENTION OF WEED GROWTH: It prevents the growth of weeds. 

(viii) Elt0Sf0N AND BREACHES: It reduces bank erosion :and breaches. 

(lx) -WATER ABSORBING SALT: It prevents water absorbing salts when passing 

through kalarlsh tracts. 

(x) WATERLOGGING: It prevents waterlogclng :and efflorescence or adjacent 
lands which malnly occur owing to se~page of canal water. I! 

There are many types of llnlng having their own advantages and disadvantages. 
The selection of a type depends upon Its cost, stabillty and effectiveness. The cost In 
turn depends upon the availability or various materials, required for lining, In the 

vicinity of the canal. 

The follawln& types of Unlng have been tried on dlff'erent occasions. 

A layer of 3 Inches to 6 Inches of clay Is spread on the bed and sides and covered 
with 9 Inches to 12 Inches of sllt to form puddle llnlng. (Clay puddle has been des
cribed In details In chapter No. 17 on Earthwork.) This llnln& ls quite satisfactory, 
but can only be used If good day Is available. Ir constructed and maintained properly 
It reduces seepage by about 80 per cent. Liable to develop cracks on drylnc, It Is 
suitable for perennial canals only. 

It has three main advantages: tint, no expansion Gr COfltraetlon cracks occur as 
In concrete lining; secondly, Ju repairs can be done easily; and thirdly, It costs less 
than concrete lining. Ir properly laid It can reduce seepage by about ;s per cent. 
But as the bricks are porous, the lining on the whole Is not very efficient In preventing 
seepage, except when sandwiched by a layer of rich cement mortar. For a successful 
Job it Is very essential that the bricks and the brickwork used are of the best possible 
quality. The earth to be used In the manufacture or bricks should not have a salt 
content of more than 0.3 per cent, calcium carbonate not more than l per cent, and 
clay contenu between 12 and 20 per cent. 

The bricks may be laid In single layer flat. or on edge or flat In two layers (prefer
ably tile). The brlclt:s are usually lald In "herringbone" pattern and are bedded on half 
an Inch layer of I :S cement mortar laid on well-compacted and damp sub-grade In I :3 
cement mortar. A layer of half :an Inch of I :3 cement plaster Is s:indwlched by two 
layers of bricks (or tiles). In the floors of canals the top brick-on-edge Is laid diagon
ally to the centre line of the channel, or In '"herringbone" pattern. The lining may 
be plastered or pointed on the face, and may also be reinforced. 

It Is generally considered the most suitable for big canals, provided the cost ls not 
prohibitive. Its usual thickness Is 2¼ Inches to 6 lnchm depending upon the design. 
The Gunlte and shotcrete linings are, however, superior to ordinary work. A thin 
coat of plaster is applied to give It a smooth surface. The longitudinal and transverse 
foinu are provided according to the thickness cf the concrete. The thinner linings 
have jolnu at closer Intervals. Normally plain vertical butt Joints at 8 to 12 feet Inter
vals may be found suitable. To make the Joints watertight, copper strips or steel 
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plates may b~ placed and the joints filled with bitumen. In a Joint less than 1/4 Inch 
wide bitumen cannot iMI filled In properly. Kerosene oil 10 per cent by weight of 
cement makes concrete waterproof and also retards the evil eff'eas of alkaline 
soils. for which otherwise hlth alumln:i cement Is re_qylred . 

Concre:e may be reinforced, but the reinforcement Is not generally favoured 
despite the fact that it helps In prev'!ntlng the failu re of ltnlng caused on account of the 
settling of the sub-grade. and helps In Increasing the spacing of the lolnts. Concrete 
blocks with loints filled with asphalt may be better In some cases. 

Concrete lining Is the mo:t desirable for both service and operating conditions. 
Although the cost ls higher than In most other types. Its longer life and minimum 
maintenance requirements orten make It more economical. The cost of concrete llnlng 
can be minimised by making It part oi the original canal construction. At the design 
stage advant:ige can be taken of Its superior hydraulic characteristics which permit 
the use of a much smaller section for a given opacity than Is required for an unlined 
canal or other types of lining with higher co-efficients of roughness. Concrete is more 
reslstent to ~roslon than most c.ther lining materials and, beouse of Its lean strength, 
usually bridges ilreas of poor sub-grade support. Therefore It Is prererable for high 
water velocities or where safety Is of primary Importance. Concrete tining ellml· 
natcs weed growth with benefit! to flow characteristics and maintenance cost. Bur
rowing animals, which cause numerous breaches In unlined canals,al!:o cannot penetrate. 
From a study or the many miles of concrete lining In existence, It Is concluded that, If 
properly designed and constructed, lcs average serviceable life Is about 40 years. There 
have been, however, numerous ca:es of early fcllur~:; owing to advene sub-trade 
conditions, excessive hydrostatic pressures benuth the lining, frost heaving. poor 
quality of concrete, Cauley design or cormruetion methods, etc. Where the sub-grade 
Is not free, provision for adequate drainage Is perhaps the most effective protection 
against frost heave. 

A dlfferen ce of opinion exlsu among enilneen on the Juntflablllty of reinforcement 
steel In concrete and brick canal lining. Some maintain that It Is Justified on the basis 
of longer serviceability and reduced maintenance cost. Others contend that the 
possible b~ncfits are not commensurate with the added cost and Increased construction 
dlfficulties. 

The quantity of reinfrocement steel commonly used In anal linln& (0.25 to 0.3 
per cent of the aru of concrete or brickwork), though not enough to add appre
ciable structura! strength, reduces the width of cracks which occur as a result of 
drying and temperature changes, and thereby minimise seepaee. It also guards 
against the p:>ulble faulting of the cr3cked slabs where unstable sub-grade soils are 
encountered. Addltion:il structural stren1th can be obtained more economically by 
Increasing the thickness of the llnlng. 

According to the latest practice. reinforced lining ls done only when safety 11 a 

primary consideration. A properly deslined and constructed relnfroced conuete 
llnlng will withstand velocltles of any magnitude considered feaslbl~ for canal. ft Is, 
however, susceptible to damage from alkaline water, alternate freulng-thawlng 
action, and rupture by cutslJe hydrostatic or other pressures. Whenever there are 
alkalbe conditions or freezing and tha\"llng, th:? dralnag.? should, If possible. be away 
from the canal rather than Into It. 
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A firsc prerequisite to the success of concrete canal lining Is a firm foundation which 
ellmlnates. as far as possible. the danger of cracking or rallure on account of settlement 
of the sub-crade. Usually undisturbed solls are satisfactory for a foundation without 
further treatment, but all filling material used to support the lining should be compact
ed prior to the trlmnlng and placing operations. Natural lnplace soils or low density 
should be thoroughly compacted or removed. Where this Is lmpraetlcable, as In 
areu of deep loess, concrete or other rigid type llnlngs are not suitable. All fllllngs 
In an embankment. to be ultimately lined, are placed In layers, not more than 6 
Inches thick, moistened and compacted at optimum moisture content to a dry density 
of not less than 90 per cent of the laborator)', maximum den1ity as determined by 
compaction tests. The material, when distributed and comp:i.cted, has to be homo-
1eneous and free from nodules and pockets. The top width of the compacted 
embankmenu varies with the size and location of canals, the type of lining. and other 
factors. The density of the compaction of loose soil in cuttings or or solls replacing 
unsuitable sub-1rade materials should be the same as for compacted embankments. 
In case where partial backfilling of an existing can:r.1 ls necessary to reduce the cross
sectional area to that required for :i lined canal, either the puddling or ponding methcd 
has been found satisfactory for compacting most soils. The compacted sections should 
extend not less than 2 feet Inside the final section or the channel. After backfilling has 
beed done, the anal iectlon Is rough-trimmed to the approximate dimensions 
required for the llned canal, making due allowance for the settlement of the flll. The 
canal fs slowly filled, using temporary urth dams to check water to a proper height 
water Is allowed to stand for at least 24 hours before being drained. Lining Is done 
when the sub-grade has become sufficiently dry, the section Is fine-trimmed and the 
sub-gnde Is waterproofed by use of oll paper or crude cl. 

Since canal llnln&s are primarily done to prevent seepage. the sub-grade is usually 
relatively free draining. 1r not, It is very essential to provide artificial drainage In 
the form of tiles placed In gravel-filled trenches along one or both toes of the Inside 
slopes. These longitudinal drains are either connected to tranverse cross drains 
which discharge water below the canal or to pump pits, or extend through the llntn& 
and connect with the outlet boxes on the floor cif the canal. The outlet boxes are 
equipped with one-way flap-valves which automatically release pressure greater than 
the water pressure on the upper surrace or the anal base. Pressure releases in the 
form of weep-holes have also been tried with success 

A departure of 4 lncha from established line and one Inch from established grade 
of sub-grade are the usual tolerances permissible. 

The concrete slab or anal lining Is subject to complex stresses resulting from tem
perature or moisture changes In the slab or from a combination of the both. The 
compressive stress resulting from temperature or moisture Increase is of little concern; 
first because, a slab which Is fully restraln~d at both ends and subjected to a 100-F 
Increase In temperature will develop only about 1500 lbs per squ.1re Inch or com
pressive stress 'Which is considerably below the average compressive ttress of good 
concrete. And secondly, the expansion of concrete owln& to complete saturation Is 
never as great as the contraction that results from the drying out of the concrete 
shortly after pladng. Unless the contraction cracks resulting from drying shrinkage are 
filled with Incompressible material. considerable expan1lon due to an Increase In tem-
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perature can occur before c:omplete closure of the cracks. If contraction cracks are 
filled e.irly with an elast!,f material the entrance of Incompressible particles Is pre
vented and expansion Joints are ordinarlly not required, except where fixed suuctures 
Intersect thci canal. The filllng material should be such as permits. without fracture or 
(allure of Its adhesion with concrete, the slow movement set up by expansion or con• 
traalon. The consistency of materl.i.l Is such that It does not flow on the vertlcal 
face and remain ductile throughout the expected variation In temperature without 
fracture or loss of adhesion, 

Contractl.ln cracking, which results from tensile stresses produced by a moisture 

or temperature decraase, Is of primary concern In concrete lining, Canal lining 

cannot be economically designed to overcome cracking, but some control can be 
exercised by the use of reinforcement steel or the formation of contraction Joines at 

proper Intervals. Where lining oper:ulons are continuous, and reinforcement Is 

not used, a weakened-plane type Joint or "slde-w:alk" groove Is formed In the concrete 

to a depth of about I/3rd of the thickneu of lining. If the grooves :ire properly spaced, 

cracking will usually occur at these planes of weakness. In big canals both transverse 
and longitudinal grooves are provided at a spacing of 6 to IS feet, depending on the 

size of canals and thickness of llnlng. 

The use of pre•cilst concrete blocks or slabs for lining small canals may have some 
llmlted adaptation and under certain conditions may be relatively economical, but 

their general use cannot be recommended. In special cases, where an adequate supply 
of cheap labour and material are available It may be feasible to use pre-cast slabs and 

blocks which require no particular skill and very little equipment. The small 
pre-cast blocks an be u!ed even on curves. But the use of l:irge slabs Is limited to 

tangents. Joints In both the cues are sealed with either cement mortar or asphalt, 
if seepage control is lmporunt. On account of Its high cost and little progress In 

bylng It Is not sult:1ble for any extensive use. 

Shotcrete Is :a term used for pneumatically applied cement mortar. Pneumatic 
.i.ppllcatlon Is done by using a special equipment which is avallable from saYeral manu

facturers. Shotcret~ can be widely used for both lining and resurfufng cf irrigation 

canals and ditches. This type of lining can be placed on an lrreaular surface obvlatln1 

the need for fine trimming which Is very expensive sometime, :is In the case of rock cuts. 

ResurfacJn1 by this method the badly cr.i.cked and leaky, but structurally sound. old 

concrete lining gives satisfactory results. On big proJeas It Is c:ostller than concrete 

lining since It needs more cement as well as more time for placement. 

MATERIALS AND MIXES-Sand for shotcrete should be of uniform grading with a 

m:ixlmum particle slxe of 3/ 16 of an Inch. Particles should be hard because soft 
grains crumble as thi:y pass through discharge hoes, and form powder reducing the 

bonding value of cement. Sand should contain 3 to 5 per cent moisture for an 
efficient operation of the equipment. Dry sand generates static electrical charges on 
the nozzles, Increases the rebound and creates dlfflcuh:y In maintaining 

uniform movements of the mix thtougk hoes. Sand which Is too wet causes 
frequent plugging of the equipment. No coarse a11reg1te Is used In 
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shotcrete. The optimum mix contains a little less water than that which will 
cause sloughing and Just enough cement for the desired water-cement 
ratio, Proportions of cement to sand usually approximate I :4 by weight. The 
rebound has a greater percentage of coarse sand particles and a much smaller 
cement content than the mortar leaving the nozzle. Therefore, the cement content 
of the materials :as mixed should be less than that desired for the mortar In place. 

SUS.GRAD£ l'Rf PARAT/ON OF SHOTCRfTE-Sub-grade preparation for shotcrete 
lining varies with the charaaerlstlcs of the sub-grade soil. Fine trimming of canal 

sections through stable rock-cuts Is unnecessacy, ihhe hydraulic characteristics of the 
rough surface lining are satisfactory. A stable sub-grade Is an Important prerequisite 
to the serviceability of shotcrete lining. With earth sub-grades, best results are 
generally obtained, 1r the sub-grade is trimmed to the same degree of accuracy as for 
concrete lining. Uthe sub-grade Js not trimmed to a reasonably smooth alignment, 
control of the lining thickness becomes exceedingly difficult. It usually results In thin 
areas forming planes of weakness over high spots. If backfilling Is necessary to bring 
the sub-grade to proper alignment, fill material Is properly moistened and compacted 
with suitable tamping equipment. All absorptive surfaces against which shotcrete Is 

to be placed are thoroughly moistened so that moisture may not be drawn from the 
freshly placed mortar. At the time of ;ppflcatlon, however, there should be no free 
water on the surface of the sul,.grade. 

THICKNESS OF SHOTCRETf L/NING-Shotcrete Is usually placed to a thinner 
section than concrete. The main reason for this practice Is that this fining Is 
0 bullt up" to the desired thickness by successive passes of the spray from the hoe 
nozzles. Since the spray deposits mortar over a very small area at one time, t '..e 
"building up" of the thickness Is both time-consuming and expensive. Usually one 
Inch to two Inches thick shotcrete lining has been attempted in the past and found 
quite satisfactory. 

EXPANSION AND CONTRACTION JOINTS-As In case of concrete lining, expan· 
slon Joints are provided adJacent to the structure and also longitudinal and trans
vene grooves for contraction cracking at six feet and 10 feet Intervals In non
reinforced and reinforced lining respectively. The depth of the groove Is usually 
one-fourth to on'!-third of the thickness or the lining. 

Since asphalt Is comparatively Inexpensive and Is manuractured In many types, 
gndes, and compositions, numerous variations are possible In Its application to the 
lining and waterproofing of canals. Asphalt Is a heavy bituminous material derived 
from the refining or crude petroleum. As the crude oll Is heated In the refinery, the 
volatile materials such as gasoline distillate and light oils are drawn off and condensed. 
The residue Is very heavy viscous oil containing a high percentage of asphalt. 
Semi-solid asphalt (asphalt-cement) Is obtained by the removal of all but a small 
fraction of the remaining oil by means or high temperature steam and vacuum dlstllla
tlon. In anal lining applications this basic steam-reflned asphalt-cement is used as 
the binder for asphaltlc concrete or Is further processed to form cut-backs emulsions, 
or air-blown asphalts for a variety of uses as described below. Certain catalytic agents 
during the air-blowing process give desirable characterlstla to asphalt for use as· a 
membrane seal. Such a produce Is termed as "c.atalytlally-blown asphalt". 
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It Is a comblnatlo,w,r asphalt-cement and aggregate, mixed, placed and compacted 
In a hot and plastic state. ft Is sometimes called as "hot mix". Asphaltlc concrete 
fining Is most satisfactorily placed by sllp-forms. It Is particularly well adaoted to 
smaller canals:-A suitable proportion of sand, gravel and asphalt-cement Is mixed hot 
In a centnl plant (usually at about 325a F, In batches of 1,000 to 2,000 pounds). The 
ml><ture Is carried In dump trucks to the site. Since no curing, sealing or other 
treatment Is required, the ''hot mix" Is ready for use Immediately after It has cooled. 

The trimming of the sub-grade, which In this case Is to relatively wide tolerance, 
may be done with an equipment of rather a simple design. The same machinery u 
used for trimming the sub-grade far concrete lining may be used In asphaltlc concrete 
llnlng construction. Satisfactory sub-grade preparation has been done In small canals 
with blow-type ditchers pulled by one or two tractors. 

WEE GROWTrl-Owlng to the plastic nature of asphaltlc concrete, some types 
of weeds penetrate the lining. Weed growth Is, In fact, promoted by the heat
absorbing property of the black surface. Therefore-especially when lining is 
placed In areas previously Irrigated or In old canals where weeds are firmly rooted
It Is advluble to treat the sub-grade with a soil scerllant, which will obviously 
Increase the cost, but not more 10 per cent In any case. A water solution of 
polyborchlorate applied by spraying direct to the sub-grade before placing the 
lining Is recommended. Adequate sterllizatlon will ordinarily be secured by the 
use of :m equivalent of 2 pounds of the powdered polyborchlorate for 100 square 
feet of sub-grade. 

This lining Is essentially a membrane (approximately 3/8 of an Inch thick) of a 
special asphalt sprayed In place at high temperature (400a F) to form a waterproof 
barrier which Is protected against Injury and weathering (burled) by a layer of earth 
and gravel. If not already oversize, the canal section must be enlarged or over-excava
ted before placing the membrane. The side slope flattening and over-excavation are 
done by a dragflne, sometimes assisted by a motor patrol, If equipment can be operated 
directly In the canal section. After rough excavation, the surface Is prepared for the 
application of asphalt by light draiglng and rolling to obtain a relatively smooth 
surface In order to facilitate the laying of a uniformly thick and Impermeable membrane. 
The rougher the sub-grade, the greater the quantity of asphalt required for satisfactory 
coverage. The special asphalt used for the membrane Is prepared by the catalytic 
blowing of asphaltlc materials. It has a very low temperature susceptlblfJcy, a high 
degree of toughness, a resistance to tearing or breaking, and a long life. After the 
asphalt has been heated to approximately '400a F, It Is applied to the sub-grade under 
about 50 pounds pressure through spray nozzles, using either hand sprays or multiple 
spray bars mounted on the distributor. Holes or rough areas In the sub-grade can be 
adequately covered by the hand spray, though, this method Is somewhat slower. On 
the other hand, the distributor method Is faster, and, therefore, more economical, 
but can be applied satisfactorily only to reasonably smooth sub-grades. 

The hot-applied asphalt cools quickly and Is soon ready for the application of the 
cover material. In fact, a few mlnut«.after the application, the surface may be 
walked over by the construalon penonnel In covering operations. Since the purpose 
of the cover material Is to hold the membrane In Its place, and to protect Jt from the 
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sunlight, water, wave wash, or livestock damage, the kind and depth of cover material 
depend on facton like wave-action, water turbulence and veloclty. Where water 
velodtles are below one foot and a half per second. the soll removed from the anal In 
over-excavation may be used provided It Is of reasonable stability. If soil from canal 
excavation Is not suitable, material with greater cohesiveness (day contents) and 
stablllty may be burrowed. In canals with very high water velocltles, gravel blankets 
(usually of pit-run material) may be placed over the soil cover to depths between 3 
and 6 Inches. Rfprap Is often used for areas below check structures or where turbu
lence Is severe. Compaction of the cover material Is not ordinarily required but may be 

t 
advisable In some Instances. Experience lndlca~ that the fife of an asphall:-membnne 
lining largely depends on the maintenance of the cover which Is subject to beaching 
and weed growth In much the same manner as earth fining. (Beaching may tiedefined 
as the erosion of the canal bank at the water surface resulting primarily from wan
action.) 

Since a burled asphalt membrane llnlng with cover operates essentially as an 
unlined canal, plans for the location and extent of such treatment an be altered on 
new construalon without affecting the design of the canal or structures. Accordingly 
final decisions on these matters may be deferred till sub-grade conditions are exposed 
by excavation. Another distinct advantage of the membrane fining Is that It can be 
satlsfactorlly done both In cold and wee weather. 

A two to three Inch fayer of coarse, screened gravel placed over a previously 
Installed membrane, Is sprayed with hot asphalc~cement which penetrates the gnvel 
and thus 1tablllzes it. If placed direct on the canal sub-grade without the underlying 
membrane, It may be considered a lining by Itself and has promise for resisting erosion. 
However, experlmenu have shown that It Is not economically feasible to make the 
macadam lining watenlght without using a membrane underneath It, because of the 
large quantity of asphalt required. 

This type of lining has been developed to permit the use of an asphalt membrane 
but co· avoid the use of hot materials which require skilled personnel and spedal 
equipment. Prefabricated linings ~re designed to be handled and pliced In the same 
mJnncr as rolled roofing. with lapped and cemented Joints. To protect :ind retain the 
prefabricated membrane, It must be covered with earth or gravel like the hot-placed 
membrane. A prefabricated lining without cover material has proved unsuccessful. 

Two types of prefabricated asphalt membrane linings have been tried In a number 
of experimental Installations. In one of these a heavy kraft paper Is used upon which 
3/ 16 Inch coating or catalytically-blown asphalt Is applied. The paper serves only as a 
temporary reinforcement durln1 the period of manufacture, transportation and place
ment. After placement the paper disintegrates rapidly leaving an unreinforced mem
brane of a uniform thickness. The llnln1 which ls fabricated in strips, 3 feet wide and 
36 feet long, Is shipped In rolls and placed on the over-excavated sub-grade either 
transvenely or longltudlnally. Jolnu are lapped 2 Inches and cemented with cut
back asphalt. 

In the second type of lining a thin mat of glass fibers Is used as relnforcment, 
Instead of paper, to form the same sl%e sheets, or strips 3 feet by 36 feet but only 1/8 
Inch thick. The materlai Is lighter In weight than In the first type and Is, therefore, 
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cheaper to transport. The addition of the fiber-glass reinforcement Increases strength 
which Is beneficial for Jlacing operations, but on the other hand it increases the cost. 
The lapped JoJnrs are sealed and covtr Is applied In the same manner as for the paper· 
b1e:bd--rnu.rt.1l1-,-------

Sotl-cement offers p01slbtlltles for use u a canal lining material In localltles where 
sub-grade soils, or those ad1acent to the canal, are of a sandy nature and other suitable 
materials are not readily available. As the name Implies, the lining ls made up of a 
mixture of cement and natural soil. These linings are divided Into two general types : 
standard and plastic. 

Standard soll-cement is compacted with the moisture content of the mix at about 
the optimum as determined by laboratory compaction tesu. Material mixing Is ordi
narily done by disking and blading the two materials In place. This operation and 
the necessary compaction are difficult to perform on the canal side slopes. 

Plastic soil-cement, having a higher water content and a consistency comparable 
to concrete, may be placed by the equipment similar to that utlllxed for concrete 
lining. 

Both the types must be protected from weather action for a reasonable period after 
placement and should be water cured for at least seven days, covered with moist soil, 
or sprayed with curing compound as required for concrete. 

Bentonlte Is an earth material and contains a large percentage of montmorlllonlte 
clay. It Is characterized by Its high water absorption accompanied by swelllng, Imper
viousness, and slipperiness (low stablllty). The fact that bentonlte does swell and does 
become Impervious on wetting makes It a very useful material fn the control of seepage 
from canals provided It can be obtained from local deposlu at low costs. The two 
types of bentonlte canal linings that have proved satisfactory are: 

(I) A bentonlte membrane, one to two Inches thick, spread over the canal sub
grade and covered with six to twelve Inches of protective blanket of stable earth or 
gravel: and 

(l) A sandy soil and bentonlte combination mixed In place and compacted to form 
two to three Inch finished llnlnc which Is preferable to the one to two Inch membrane 
llnlng. The optimum amount of bentonlte for the soll-mlx type of lining usually 
ranees from 5 to 25 per cent. but the exact percentage should be predetermined by 
laboratory test. A protective cover of stable earth or gravel Is also recommended 
over the mixed or combination llnlng. 

Chemically pure bentonlte Is a natural hydroslllcate of alumina. However, most 
natural d1po11u are not chemlally pure and. therefore, bentonlte differs considerably 
In expansive characteristics. From the polnu of view of engineering and construe• 
tlon usu, bentonltes have been divided Into two groups based primarily on their 
swelllnc characterlstla: 

WYOMING TYPE 8ENTON/Tf-lt.exhlblu a strong affinity for water and high 
swelllnc because of the presence of sodium: and 
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M£TABENTONITES-They have mlneraloglc propenles slmllar to the Wyomlng
type, but show less swelling on account of their contenu of calcium, magnesium, alumi
nium and potassium. Although satisfactory resulu may be obtained by using metaben
tonlte In canal llnlng, much more material wlll be required to secure a reduction In 
seepage comparable to that obtained with the Wyoming-type bentonlte. Fine-ground 
or unground bentonltes may also be satisfactorily used, but they would be required In a 

greater amount for companble results. 

The deposition of sllt over the wetted area of an unlined anal usually • reduces 
! 

seepage losses slgnlficantly. This Is a natural precess where water carries consider-
able sllt; otherwise, slit Is introduced by artffidal means In this type of ltntng. Its 
effectiveness depends on the suitability of the material, the velocity of water, and the 
structural formation through which seepage occurs. This type of lining, although 
satisfactory In some cases, Is not as good as other types of eanh lining nor Is It as per
manent on account of the fact that the silt membrane is highly susceptible to attrition 
at the water surface, puncture, deterioration by weathering and destruction by clean
Ing opentlons. However, If the canal sub-grade contains sand and gravel of an open 
nature, or If seepage occurs through rock seams Into which silt partldes can penetrate, 
chances for fasting b:nefiu are good. With less favourable sub-grade conditions, 
a layer of gravel over th·' sub-grade before silting operation Is recommended to serve 
as a trap for the silt. 

Stone or rubble masonry linings were more widely used In the past than at present, 
as a measure to check seepage. They are less useful and more costly. Even In loc:a
lltles where suitable stone Is found In abundance, the cost of preparing and placing In 
most cues makes these linings economically unattractive. 

The height of llnlng above the water surface depends upon a number of factors, 
such as the size of the canal, the velodty of water, the curvature of alignment, the 
probability and the amount of storm or drain water entering Into the canal, the fluc
tuation In the water level due to the operation of checks and turn.outs and the wind
action. Similarly the height of the bank above the water surface varies with the size 
and location of the canal, the type of soil, the amount of Intercepted storm or drain 
water, etc. The usual practice Is to provide a berm along each bank at the top ofthe 
lining In order to give space for the operation of the construction equipment, like the 
llnlng and trimming machines, to receive the material which may wash or slide down 
from the banks above, and to facilitate maintenance operations. The width varies 
from two to six feet, depending on the size of the canal. In some cases this berm Is 
backfilled to a slope of a.bout four to one after placing the lining. This serves to 
drain the Intercepted water Into the canal and prevent IU entering Into the sub-grade 
behind the llnlng which causes serious hydrouatlc pressures. 

The top width of banks varies from two to sixteen feet depending primarily an the 
size of the canal. If the top of the bank Is to serve as a roadway, the width should not be 
leu than 12 feet. 

S36 

.. 
-----------·-- ---

.. 

... 

~ 

• 



~ 

t 

' 1 

I 

I 

) 

II 

• 

e 

• 

-it--

r 

"1\ 

The table below gives the minimum recommended free boards and top widths for 
5mall canals where the bank is not to serve as a road, 

Capacity (In cusecs) 

1-9 

10-2-4 

2S-49 

50-99 

100-200 

200-400 

-400-800 

800-1600 

1600 and above 

Free board (In feet) 

OS 

0.5 

0.5 

0.6 

0.75 

1.00 

1.00 to I.SO 

I.S to I.BO 

2.00 

Width of bank (In feet) 

l to 3 

3 to .f 

-4 to 5 

5 to 6 

6 to 7 

7 to 8 

8 to 9 

9 to 10 

JO to 16 

NO. 28.1 EARTHEN LININGS 

Specifications 

I. Unless otherwise specified the material for both compacted and uncompacted 

earthen llnlng shall be obtained from the concerned canal, structure or channel excava
tions or from the over-excavated material removed for placing the lining or burrow 
areas duly approved by the Engineer-In-charge. 

2. To accommodate .earthen lining, the section shall be over-excavated to the 
lines shown on the approved drawings or as directed in writing by the Engineer-In

charge. The sub-grade shall be approved by the Engineer-In-charge or his authorlze:l 
representative before the lining Is placed. 

l. The lmp!rvlous material for connructlng the compacted earthen fining shall 
be placed directly from excavation where practicable or shall be placed In stockpiles 
for later rehandllng and placing In the lining. This lining shall be then compacted to 
the lines and grades as shown In the approved drawing or as directed by the Engineer

Jn-charge. Having laid the compacted tining. the uncompacted lining shall be placed 
over It and the sectfon finally dressed up to the lines and grades as shown In the approved 
drawings for compacted section. 

41. The earthen lining shall be compacted In conformity with the provisions of the 
Speclflcatlons No. 17.1 (A) for the compaction of earthen embankments. 

5. The earthen lining shall be ~easured by volume. The unit of measurement 
shall be 1000 cubic feet. Measurement shall be made on the same Unes as for the over
excavation of the canal for earthen lining. 
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6. The unit rate shall indude over•excavatlon of the canal section to accommo
date both compacted and uncompacted linings and carry out earthen llnln1 as per 
above 1pedficatlons. 

NO. 28.2 SINGLE BRICK OR TILE LINING 
Specifications 

I. The lining shall consist or one layer of bricks/tiles placed on a I½• thick sand 
bue (I cement to 6 sand) with a 3/8. layer (I cement to 3 sand) of cement sand mortar 
sandwiched. The whole shall rest on a ½" thickness of 1:10 cement nnd mortar 
resultln1 In a sectfon shown below: 

~INGL£. Till LINING 
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2. Unless otherwise specified or directed In writing by the Englneer-ln-charie 
the size of the bricks/tiles used In brick-lining shall be Ir x6'"' x2·. 

3. Unless otherwise specified or directed In writing by the Engineer-in-charge 
the brickwork for lining shall conform to Specifications No. 21.1 for bricks In cement 
mortar and the mortar shall conform to Specifications No. 19.2 for cement mortar. 

<f. (I) Upon completion of the trimming and compacting operations the section 
of the excavated canal shall conform accurately to the finished dimensions as shown 
In the dnwlngs or as directed by the Engineer-In-charge In writing. 

(11) The excavated section of the canal shall be trimmed and finished to provide 
a firm and smooth foundation for brick-lining. 

(111) The entire surface on which brick-linlng Is to be placed shall be sprinkled 
with water tlll the optimum moisture contenu for compaction are attained as deter
mined by the Engineer-In-charge or his authorized representative. It shall be com
pacted by rolling. Rolling shall be performed by using a smooth cylindrical roller. 
Two passes of the roller over the sub-grade shall be required. Unless otherwise 
specified or directed by the Engineer-In-charge, the width of a roller drum shall not 
exceed .f feet. The weight or the roller drum when fully loaded shall not be less than 
SO pounds per linear Inch of drum width. A roller may consist of two adjacent drum 
unlu, provided that a flexible coupling between drums Is used, and that the space 
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between drums shall not exceed 12 Inches. Single drum rollers shall overlap each 
roll by one half the width of the roller, and two drum rollers shall overlap each roll by 
one half width or the roller plus one foot. No earch filling shall be permitted arter the 

! rolllng-1>f-thttub-grade,and-over~xovated-or--low-portlon-shall-be-filled-wlth-mortar'-----------
at the expense or the contractor. 

(Iv) After compaction the entire area to be brlck•llned shall be thoroughly 
sprlnkled with water till the finished sub.grade has been penetrated to a depth of 6 
Inches. The finished sub.grade ~hall be duly approved by the En1lneer•ln•charg• or 
his authorized representative before any brlck-llnlng Is laid. 

5. Unless otherwise specified or directed In writing by the Englneer•ln•charge, 
profile walls shall be constructed IS feet high centre to centre at right angle to the 
centre line of the channel on the side slopes and at 30 feet centres on the bed as per 
sketch given below. A profile wall shall also be constructed parallel to the centre llne 
at each toe oft he canal side slopes. The final excavation, trimming and compacting of 
the section may be performed before or after the completion of the walls. The profile 
wall shall be laid by means of a theodolite and constructed In accordance with the 
provisions of the Specifications No. 21.1 or Brickwork. 
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6. (I) A layer of I: 10 cement sand hand mixed mortar having an average thickness 
or¼ Inch shall b• plastered over the finally finished sub•grade for making up inequalities 
In the section. 

(11) I mmedlatefy over It a I !-Inch thick fayer of I :6 cement sand machine mixed 
mortar shall be !aid. (The mortar used shall have a. slump of½ Inch to i Inch.) To 
ensure that the corn:" thickness of I½ Inches Is la.id over the whole surface, prec:ast 
cubes. I :6 cement sand mortar having each side of I½ Inches shall be placed on I: 10 
plaster along the centre line of the slabs at right angles to the channel and at 4 feet 
Intervals. The cubes shall be left embedded In the mortar with their tops flush with 
the surface. 

The I :6 mortar layer shall be lightly r.tmmed with wooden rammer and then 
trowelfed to level out lrregularl:les In the surface. The surface shall be rammed 
again with wooden ra.mmer having ½·Inch long spikes with round ends to make 
Indentations. _ 

(111) A 3/8·1nch thick layer or I :3 cement sand machine mixed mortar shall be 
placed over the I :6 cement sand base. (The mortar used shall have a slump of 
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l Inches.) To ensure an even thickness, the I :3 mortar shall be laid In strips 4 
feet wide with the help of thin laths I~ "xi" and about 18 feet long laid on the I :6 
cement sand base. The I :3 mortar shall be spread with a trowel and levelled with a 
straight edge flush with the top or the laths. A day after the mortar Is laid, It shall be 
lightly scraped with wire brushes. 

(Iv) The next and the final layer shall consist of bricks/tiles. The courses shall 
be marked on the profile walls and a string shall be stretched to keep them 
straight. The laying of the bricks/tiles shalt commence from the profile wall at 
the tangent point. The bricks/tiles shall be laid In I :l cement sand machine 
mixed mortar. The thickness of the mortar bedding under the bricks/tiles 
shall be 1/8 of an Inch and the vertical joints between the bricks/tiles shall be 1,4 
of an Inch thick. All the Joints shall be properly filled and to achieve this, the 
mason shall apply mortar to the sides of the bricks/tiles already laid, lay the 
next brick/tile I Inch to 2 Inches away and then press It towards the first brick/ 
tile squeezing out the mortar which would Indicate that the joint has been filled. 
Before the bricks/tiles are laid they shalt be soaked In water for at least 14 
hours In soaking tanks. The mason shall have with him a kerosene oil tin containing 
water, and the bricks/tiles from the soaking tanks shall be placed In these tins. The 
mason shall use bricks/tiles only from these tins for his Immediate requirements. 
Strfct supervision shall be exercised to see that no unburnt bricks/ tiles arc placed In 
the soaking tank and used. 

The Joints of the work done on the previous day shall be tested with a broad 
chisel pointed 5/8 Inch diameter Iron bar. The hollow joints shall be marked with coal 
tar raked out and filled with the I :3 cement sand mortar Immediately. The brickwork 
shall be flnally brushed and cleaned. 

7. Curing or each layer of the following work ls necessary. 
(1) Profile walls. 

{II) Sub-grade ½ fnch thick cement sand I : IO m Ix. 
(111) Sub-grade I½ Inch thick cement sand I :6 mix. 
(Iv) Sub-grade 3/8 Inch thick cement sand I :3 mix. 

During summer. curing shall start three hours after the completion of each 
layer, and during winter the very next day. Curing can be done by covering the 
layer with water saturated material or by a system of perforated pipes, mechanical 
sprfnklers. porous hoses or pucca drains constructed along the top of the bank as 
shown In the sketch below:-
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The overflow df water shall be effected by a man going along the drain and pushing 
water by a wooden rod, dipped In the drain. The watering or work shall be carried 

• I out-on-the-followlngJini;::h·--------------------------------

~ .... 

..,. 

.... 

(a) Profile Walls. A day after the walls are built, they shall be covered with jute 
cloth which Is soaked by sprinkling water by hand, till curing can be started from the 
drain when ready. 

(b) Cement Sand Plaster I: 10. A day after the mortar Is lald, It shall be kept wet 
by sprinkling water by hand, tlll It ls coverd by the I :6 cement sand base. 

(c) Cement Sand Base I :6. A day after the I :6 cement sand base Is laid, the drain 
on Its top shall be ready and the layer shall be kept thoroughly wet by overflow from 
this drain. Prior to the completion or the drain and putting it into operation the layer 
shall be kept wet by sprinkling water by hand. 

(d) Cement Sand Mortar I :3. A day after the I :3 cement sand mortar ls laid, It 
shall be kepr soaking wet by water being made to overflow from the drain. 

(e) Brick Masonry: A day after the masonry Is laid it shall be kept wet for 28 days 
by water being made to overflow from the drain. 

8. Measurement of brick-lining shall be made of the surface area of the brlck
llnlng and brick profile walls constructed in accordance with above specifications. The 
unit or measurement shall be 100 cubic feet. 

9. The unit rate shall include the construction of brick-lining In accordance with 
above specifications or as directed by the Engineer-In-charge. No separate or addi
tional payment shall be made for dressing and compaction of the canal section or for 
mortar required to fill over-excavation of the canal section. 

NO, 28,3 DOUBLE BRICK OR TILE LINING 

Specifications 

l. The lining sl,all consist ofl layers of well burnt bricks/tiles with a J /8 Inch layer 
of I :3 cement sand mortar sandwiched by two bricks/tiles. The whole shall rest on 
½-Inch thickness of I :10 cement sand mortar resulting In a section shown below:-
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Size or Brlc:b/ 
TIies 

Materials and 
Workmanship 

Preparation of 
1ub-srade 

Profile 

Pladn1 of If nfn1 

Layer of sand~ 
wlched plaster 

Second and flnal 
layer of bricks/ 
tll• 

2. Unless otherwise 1pedfted or directed In wrltln1 by the En&lneer-ln•charge 
the size of bricks/tiles used In brlck-llnlnc shall be ll'x6'x2•. 

l. In respect or materials and worksmanshlp. double brlck/tlle fining, shall, 
unless otherwise specified or directed in writing by the Engineer-In-charge, conform 
to Spedflcatlon No. 28.2 for single brick-lining. 

.f. In respect of preparation of sub-grade (final trimming and compaction) double 
brlck•llnlng shall conform to Specifications No. 28.2 for single brick•llnlng. 

5. In respect of profile wall construction, double brick-lining shall conform to 
Specifications No. 28.l given above for single bf'lck-llnln1. 

6. (l) A layer of I: IO cement sand hand-mixed mortar shall be applied on the 
dressed section of the channel. The thickness of mortar shall, on the average, be half 
an Inch and shall make up Inequalities In earth dressing. This layer shall be cured for 
at least '48 houn before the first layer of bricks/tiles Is placed. 

(11) Then the first layer of bricks/tiles shall be placed In I :6 cement sand machine
mixed mortar over 1:10 cement plaster. The thickness or the 1:6 mortar under 
the bricks/tiles shall be 1/8 of an Inch on the averaze and the vertical joints between the 
bricks/tiles shall be 1/4 of an Inch. To ensure that the bricks/tiles layer Is placed 
level, the courses shall be marked on the profile wall and 1ulded by a string fixed on 
section of the wall. To fill properly all the joints, mortar shall be applied to the side 
of the brick/tile already laid In position and then the new brick/tile shall be lald one 
Inch to two Inches away and pressed towards the first brick/tile squeezing out the 
mortar. This wlll Indicate that the joint has been filled. 

Before the bricks/tlles are lald they shall be soaked In water for at least 24 houn 
In the soaking tank. The mason shall have with him a kerosene oll tin containing water 
and the bricks/ Jles from the soaking tank shall be placed In these tins. The muon 
shall use bricks/tiles only from these tins for his Immediate requirement. Strict 
supervision shall be exercised to see that no unburnt brlck/tlle Is placed In the soaking 
tank and used. 

The joints or the masonry done on the previous day shall be tested with a broad 
chisel pointed 5/8 Inch diameter Iron bars. The hollow Joint shall be marked with coal
ur, nked out and filled with I :6 cement sand mortar. Planks, 1½-lnch thick shall be 
provided for placing bricks/tiles and morur In the bed u well as on the slope for the 
mason to sit on. The mason shall not sit on masonry or plaster. 

7. Surface of the first layer or bricks/tiles shall be brushed with wlra brushes 
on the third day. It shall be thoroughly cleaned and wetted. A f-lnch dick layer 
or I :3 cement sand machine-mixed mortar shall then be applied. To ensure an even 
thickness, the I :3 layer of mortar shall be applied In strips, 4 feet wide, by the help 
of thin laths l½"xl/8' and about 10 feet long placed on the first layer or tiles. The I :3 
mortar shall be spread by a trowel and levelled by a straight edge flush with the top 
level of the wooden laths to ensure an evenness of the surafce and thickness of sand
wiched layer. A day after the mortar Is lald, It shall be lightly hatched with wire 

brushes. 

8. The final layer of bricks/tiles shall be placed on I :3 sandwiched layer of mortar. 
The courses shall be marked on the profile wall and a string stretched across co keep 
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them straight and level. On the slopes brick/tile laying shall commence from bottom 
upwards. The thickness of I :3 cement sand mortar for the bricks/tiles horizontal 

• ·f jalntu.hallbe..J/B....oun.Jncb and of vertlcaljo!ntS..J./L.oLan-inch.-+he-surface-of 
thi: slopes and Junction with the beds shall be checked respectlvely, by long straight
edge and curve checked by the level by an authorized representative of the 
Engineer-In-charge. 

..... 

The procedures for the selection and soaking of the tiles. filling and checking the 
Joints, mortar and itS preparation, etc., shall conform to specifications for the first layer 
of bricks/tiles (para 6). The second and the final layer of bricks/tiles shall be finally 
brushed and cleaned on the third day. 

9. Curing of each layer of the following work Is necessary and should be carried 
out as soon as It Is completed: 

(1) Profile wall. (II) Sub-grade I-Inch thick mortar I: 10 mhc. (Ill) First layer 
of bricks/tiles. (iv) Sandwiched layer of cement sand plaster I :3 mix. (v) Second 
layer of bricks/tiles. 

In hot weather curing shall start three hours after the completion of each layer 
with a water saturated material or by a system of perforated pipes. mechanical sprink
lers, porous hoses or a puca drain constructed along the top of the bank as shown In 
the sketch below:-
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The overflow of water shall be done by a man going along the drain and pushing 
water by a wooden rod dipped in the drain. The watering ofthe work shall be carried 
out on the follow n& Unes. 

(a) Profile Walls. A day after the walls are built they shall be covered by Jute 
cloth, which Is soaked by sprinkling water by hand, till curing can be started from the 
drain when It Is ready. 

(b} Cement Pl11ster 1:10. It shall be kept wet by 1prlnkllng water by hand, tlll the 
flrst layer of bricks/tiles has been laid. 

(c) First Layer of Bricks/Tiles. On the first day It shall be kept wet by sprinkling 
water by hand, and the next day the drain shall be ready and curing can be started. 

(d) Layer of Sandwiched Plaster I :3 Mix. On the fint day It shall be kept wet by 
sprinkling water by hand. During the next two days the curing shall be done by 
dnln, tlll It Is covered by a second layer of bricks/tiles. 

(e) Second Layer of Bricks/Tiles • .On the first day It shall be kept wet by 1prlnkl
lng water by hand. Afterwards It shall be soaked for the next 28 days by the drain. 

10. In respect of measurement and rate, It shall conform ta Specifications No. 28.2 
for single brick/tile llnlng. 
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Size of Brim/ 
TIies 

Materials and 
Workmanship 

Preparation of 
sub-srade 

Profile 

Pladn1 of llnln1 

Layer of sand
wiched plaster 

Second and Rnal 
layer of bricks/ 
tlles 

2. Unless otherwise specified or directed In writing by the Enalneer-tn-charge 
the size of bricks/tiles used In brick-lining shall be 12•x6•x2•, 

3. In respect or m .. terlais and worksmanshfp, double brlck/tll• lining, shall, 
unless otherwise specified or directed In writing by the Engineer-In-charge, conform 
to Specification No. W1 for single brlck-llnlng. 

,4, In respect or preparation or sub-grade (final trimming and compac\lon) double 
brick-lining shall conform to Specifications No. 28.2 for single brick-lining. 

5. In respect of profile wall construction, double brick-lining shall conform to 
Speciflatlons No. 28.2 given above for single brlck-linlng. 

6. (1) A layer of 1:10 cement sand hand-mixed mortar shall be applied on the 
dressed section of the channel. The thickness of mortar shall, on the average, be half 
an Inch and shall make up Inequalities In earth dressing. This layer shall be cured for 
at least 48 hours before the first layer of bricks/tiles Is placed. 

(11) Then the first layer of bricks/tiles shall be placed In I :6 cement sand machine
mixed mortar over 1:10 cement plaster. The thickness of the 1:6 mortar under 
the bricks/tiles shall be 1/B of an Inch on the average and the venlcal Joints between the 
bricks/tiles shall be 1/-4 of :zn Inch. To ensure that the bricks/tiles layer Is placed 
level, the courses shall be marked on the proflle wall and guided by a string fixed on 
section of the wall. To fill properly all the Joints, mortar shall be applied to the side 
of the brick, tile already laid In position and then the new brick/tile shall be laid one 
Inch to two Inches away and pressed towards the first brick/tile squeezing out the 
mortar. This will Indicate that the Joint has been filled. 

Before the bricks/tiles are lald they shall be soaked In water for at least 24 hours 
In the soaking tank. The mason shall have with him a kerosene oil tin containing water 
and the bricks/ lies from the soaking tank shall be placed In these tins. The mason 
shall use bricks/tiles only from these tins for his Immediate requirement. Strict 
supervision shall be exercised to see that no unburnt brick/tile Is placed In the soakln1 
tank and used. 

The joints or the masonry done on the previous day shall be tested with a broad 
chisel pointed 5/8 Inch diameter Iron bars. The hollow joint shall be marked with coal
tar, raked out and filled with I :6 cement sand mortar. Planks, 1¼-lnch thick shall be 
provided for placing bricks/tiles and mortar In the bed u well as on the slope for the 
muon to sit on. The mason shall not sit on masonry or plaster. 

7. Surface of the first layer of bricks/tiles shall be brushed with wire brushes 
on the third day. It shall be thoroughly cleaned and wetted. A ¾-Inch tllck layer 
of I :3 cement sand machine-mixed mortar shall then be applied. To ensure an even 
thickness, the I :3 layer of mortar shall be applied In strips, • feet wide, by the help 
of thin laths I ½•x3/&· and about JO feet Jong placed on the first layer of tiles. The I :3 
mortar shall be spread by a trowel and levelled by a straight edge flush with the top 
level of the wooden laths to ensure an evenneu of the sur.afc:e and thickness or sand
wiched layer. A day after the mortar Is laid, It shall be llghtly hatched with wire 
brushes. 

8. The final layer of bricks/tiles shall be placed on I :3 nndwiched layer of mortar. 
The courses shall be marked on the profile wall and a string stretched across to keep 
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· them straight and level. On the slopes brick/tile laying shall commence from bottom 
. upwards. Tha thickness or I :3 cement sand mortar for the bricks/tiles horizontal 
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the slopes and junction with the beds shall be checked respectively, by long straight-
edge and curve checked by the level by an authorized representative of the 
Engl n eer•ln-charge. 

The procedures for the selection and soaking of the tdes, ftlllng and checking the 
joints, mortar and Its preparation, etc., shall conform to specifications for the first layer 
of bricks/tiles (p3ra 6). The second and the final layer of bricks/tiles shall be finally 
brushed and cleaned on the third day. 

9. Curing or each layer of the following work Is necessary and should be carried 
out as soon as It Is completed: 

(I) Profile wall. (11) Sub-grade I-Inch thick mortar I :10 mix. (111) First layer 
or bricks/tiles. (Iv) Sandwiched layer of cement sand plaster I :3 mix. (v) Second 
layer of bricks/tiles. 

In hot weather curing shall start three hours after the completion of each layer 
with a water saturated material or by a system of perforated pipes, mechanical sprink
lers, porous hoses or a pucca drain construaed along the top of the bank as shown In 
the sketch below:-
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The overflow of water shall be done by a man going along the drain and pushing 
water by a wooden rod dipped In the drain. The watering of the work shall be carried 
out on the follow n& lines. 

(a) Profile Walls. A day after the walls are built they shall be covered by Jute 
cloth, which Is soaked by sprinkling water by hand, till curing can be started from the 
drain when It Is ready. 

(b) Cement P"1ster I :10. It shill be kept wet by sprinkling water by hand, tlll the 
first layer of bricks/tiles has been lald. 

(c) First Layer of Bricks/TIies. On the first day It shall be kept wet by sprlnkllng 
water by hand, and the next day the drain shall be ready and curing can be started. 

(d) Layer of Sandwiched Plaster I :3 Mix. On the first day 1t shall be kept wet by 
sprinkling water by hand. During the next two days the curing shall be done by 
drain, tl!I It Is covered by a second layer of bricks/tiles. 

(e) Second Layer of Brlcks/Tdes. .On the first day It shall be kept wet by sprlnkl• 
Ing water by hand. Afterwards It shall be soaked for the next 28 days by the drain. 

to. In respect of measurement and rate, It shall conform to Specifications No. 28.2 
for slrigle brick/tile lining. 
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CHAPTER 29 

Anvil 

Composite PIie 

Dolly 

Drlvln1Cap 

Drop or Stroke 

Drop Hammer 

Helmet 

PIie Bent 

Ram 

Set 

PILES AND PILE DRIVING 

GLOSSARY OF TERMS 

The part of a power-operated hammer whlch receives the blow of the nm and 
1ran1mlts ft to the pile. 

A pile whose length is made up of more than one material, e.,., timber at bouom 
and concrete at top. 

A cushion of hardwood or other material placed on top or the helmet to recleve 
the blows of the hammer. 

A temporary cap placed on top or a pile to distribute the blow over the cross-sec
tion and to prevent the head from being damaged during driving. 

The distance through which the weight Is allowed to fall to strike the head or the 
plle. 

A hammer, ram or monkey (which are ldentfcal terms) Is raised by a winch and 
allowed to fall by gravity. A single-acting hammer is raised by steam, compressed air, 
or Internal combustion, and allowed to fall by gravity. A double-acting hammer Is 

operated by steam, compressed air, or Internal combustion, the energy of Its blows 
being derived mainly from the source or motive power and not from gravity. 

A temporary steel cap placed on top of a reinforced concrete pile to retain the 
packing In position and to prevent the head from being damaged during driving. 

A number of piles projecting above the ground up to the bottom of bridge girders. 
The plies are connected by capping beams on which the bridge decking rests. (Also 
see under "Trestle bent".) 

The rising and falling part or the hammer which delivers the blow. 

The penetraton of the pile per blow during the final stages of driving. 

Introduction 
Plies are used for the following purposes: 

(I) Cut-off's or safety measure against scour under hydraulic structures. 

(11) For coffer dams, holding up the faces or excavations, for quay walls, retaining 
river or sea banks. 

For uses In (I} and {II) above, steel, wooden or concrete sheet piles are used. Steel 
piles are generally standardised or patented and are provided with longitudinal Inter• 
locking Joints for watertightness and are driven with the help of supporting guide 
piles at Intervals. Concrete piles have tongue and groove Joints. Timber piles are 
generally 10 to 12 feet long. 9 to fl Inches wide :and 3 Inches thick. They are made of 
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3 planks of I-Inch thlcknG.'s and bolted together to make a tongue and groove sheet• 
lngs. or cut from a single plank. and are driven along guide piles which are driven fint 

• 1 --:.i'-'lncemls..of 6 to IQ Ccet.._ ____ _ 

-:-~--=-~-:--:---:-------The advantages of steel sheet-piling over other forms of plflng are that the section ~ 
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of the pile gives greater strength for the same weight and permits them to be driven 
and easily extracted. But steel sheet•pillng Is liable to deteriorate owing to the for
mation of rust. The average rate of corrosion per year Is considered 0.003 Inch In sea 
water and 0.002 fnch In fresh water. A protective coating oftar or some similar anti
corrosive paint should be :pplled perlodtcally. 

(111) In pile foundation for transmission of load, where the soil under the bue 
of the structure has Insufficient bearing power and the soil near the surface 11 also 
incapable of supporting a mat foundation. 

fn foundation two types of piles arc used: l;earlnf plies and friction plies. The 
load taken by each pile varies with the soil characterbtlcs and the arran1ement of the 
soil layers. 

These piles are driven th:-ough t::>ft strata and go deep to rest on hard surface 
nd supp:> rt the load by the resistance developed at their points by end-bearing, and act 

as long column the effective length of which Is considered from I /3 to 2/3 of the length 
In ground plus the length projecting above ground. The proportion ( I /3 or 2/3) taken 
depends upon the firmness of the surrounding strata. In no case should the effective 
length be less than the proJectlng length plus 5 feet. In these piles the cross-section 
should be comparatively greater to resist the buckling effect. 

Also cal led as "floaung pile:" they are driven Into hard strata. They take load 
on account of the friction of the soll against their surface. For stablllty they depend 
on the continued supporting power of the material that surrounds them, and any fat• 
lure of the material wtlf Involve their settlement. In deep deposlu of fairly uniform 
consistency .ind which are compressed by piles, the load carrying capacity of the single 
pile depends upon the surface area of the pile. For the same superficial area of the 
pile surface. a few long plies are more efficient than many short piles. Experlmenu 
on various types or the soil have shown that rhe following friction resistance Is offered 
to the pile surface. 

(a) Sand and gravel 
(b) Stiff clay 

(c) Clay and sand mixed 
(d) Dried and compaa silt 
(e) Slit and soft day 

1000 to 1800 lbs/square feet 
800 to 1200 lbs/square feec 

,too to 800 lbs/square feet 
200 to 300 lbs/square feet 
50 to 100 lbs/square feet 

The surface area of the pile multiplied by the frictional resistance gl•es the load 
which a friction pile would normally arry. Such piles should be long and have a high 

value for perimeter area ratios. 

These piles are extensively used because they have the advanuge of being flexible 

and llght. and In many places they are cheaper than other materials. Their dlsadvan• 

tage Is the lack of dunblllty In certalh conditions. Durability depends on the type of 

wood, Its moisture content. and Its position, In general, timber piles are durable In 

permanently wet or permanently dry positions. but not where they are alternately 
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PrecMt Concrete 
Plies 

wee and dry or where the moisture content Is widely variable. Timber piles If used 
below the ground level lut for a very long period; otherwise they do not last longer 
than 30 years or so and as such are usually preferred for temporary works or semi· 

permanent marine structures. Timber plies should be Impregnated with sollgnum, 
creosote or some such preservative. Preservative treatment may not be necessary for 

piles which are to be completely and permanently submerged In a waterlogged ground 

In this cue seasoning Is nae required and piles may be stored In water prior to use. 

Pakistani timbers suitable for piles are: Teak, Sal, Oeodar, Babool, Khalr, lppl, 

Jamba, Kumbla, Rayanl. 

These plles should be sound and free from sharp crooks and bends or decay, and 
sufficiently straight so that a line drawn from the centre of the head to the point at 

the bottom Is wholly whlthin the pile. 

Timber piles are generally 6 to 16 lnches(or even up to 18 Inches) in diameter or 
square In section. Round plies are made of tree trunks whose bark has been stripped 
off, and square piles are cut from the heanwood of long logs. Their le~gth Is not 

greater than 20 times the diameter (or width) at the top. They either taper through

out the length or the upper half Is kept straight and the lower half tapers cff to about 

6 Inches square size. The bottom isshaped conically for a length offrom Ii to 2 times 

the diameter or about I foot 6 Inches., and where the ground Is hard It Is protected with 

an iron shoe of V shape. Piles protected by shoes should have a blunt end -4 to 8 
Inches In diameter. The top Is provided with an iron ring or band of size 3 Inches by 

I Inch to I Inch to protect It from splintering under the blows of a hammer. After 

driving, the heads of the piles should be cut off square co sound wood and treated with 

preservative before capping. for lengthening a timber pile, a piece can be added at the 
top by nraps and bolu. And for Increasing frictional resistance, small battens can 

be fixed on the side lengthwise. 

Usual spacing of timber plies Is 2¼ to 2¼ reec. They must never be driven to 

"refusal". Plies are considered to be sufficiently driven when five blows fall to drive 

more than halfan Inch: or when the last blow does not sink the head more than quarter 
of an Inch. Timber piles forming the foundation of a building should be cut off below 

the lowest groundwater level. If concrete cap Is provided, the plies should be embed
ded for a depth sufficient to ensure transmission of load. The concrete should be at 
least 6 Inches outside the piles and suitably reinforced to prevent splitting. 

TESTING EXISTING TIMBER PILES (IN WATER) FOR DE.TERIORATION 

A small bore made With a carpenter's auger (about ¾ inch In diameter) at the 
ground line where decay first sets In will disclose rot which is not apparent on the 

surface. A pointed rod of about the same diameter thrust Into the pile wlll also indicate 
the position. 

Preast concrete piles may be divided Into two kinds: tapered and parallel sided. 

They are usually of square, octagonal or hexagonal section since they are easier to cast 
than the round section. Square piles are most commonly used because they are easy to 
mould and convenient to drive. Having large superficial area per unit of length they 
are better than friction plles. Hexagonal plies are favoured for very hard driving, 
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but their shape Is lnconv1!nlent for moulding. The usual sl1e ls 6 to 14 Inches, but 

piles have been made up to 36 Inches size with cyllndrlcil holes Inside. Hollow plies 
• J ~ r¼-Used-to-advantage-where excepttomaHengths-are,-equlred.thq-prolvdntlff'm!ss------------
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and large perimeter with lesser weight than solid plies. For plies larger than 16 Inches 
xl6 Inches an octagonal section Is preferable to a square section, Square piles should 

have chamfered corners. 

The maximum lengths of piles are usually 40 feet for 12 Inches square, ..Oto SO 
feet for I .f Inches square, SO to 60 feet for 16 Inches square, and 60 to 70 feet for 18 Inches 

square. It Is preferable to keep the lengths less than -40 times the side for friction 
piles and less than 20 times the side for bearing piles. Where the piles are to act as 
col urnns. the maximum load allowed for concrete Is 600 lbs and for steel 9,000 lbs. The 
stresses should be calculated as for ordinary columns. To prevent any damage to 
the head of a pile, the top edges should be chamfered liberally and additional latenl 
reinforcement provided and kept back from the head about l to 3 Inches, according to 

the diameter. 

Concrete plies should be cured for at least one month. Lifting holes should be 
made at one-fourth to one-fifth the length of the pile from each end and a toggle bolt 
hofo ,C feet from the head at right angles to the lifting hole. One-inch diamater 1as 
pipe ferrules may be fixed In the holes. 

REINFORCEMENT FOR CONCRETE PILES 

The area of the main longitudinal reinforcement may be I¼ per cent of the gross 
cross-sectional area of the pile for plies of lengths up to 30 times their least width and 
2 per cent for lengths 30 to .fO times, which may be increased to l per cent for longer 

lengths. 

One rod Is provided at each corner In square piles. and one rod at each angle of 
octagonal or hexagonal plies. All mtln longitudinal bars should be of the same 
length and level at the top and should fit tightly Into the pile shoe f ollowlng the taper 

or the shoe. Joints In longitudinal bars. If unavoidable. should be made by butt 
welding or as explained under "Lengthening of R. C. Plies ... Transverse reinforcement 

should be provided In the form of hooks or links of not less than 3/16-lnch dlamater. 
or one-quarter the dlamater or the main bars, whichever Is gre:\t"!r, and the quantity 
should not be less than 0.4 per cent of the gross concrete volume, spaced not more 

than half the least width of the pile. The links usually are of ¼-Inch diameter up to 40 
feet and 3/8-lnch diameter above .fO feet and are spaced 2 to 3 Inches for lengths up to 

three times the side at each end of the pile, lengthening to 6 to &inches at the centre. 
The cover over all relnforanent. lncludln& blndln& wire. should not be less than I; 
Inches of concrete. but where the piles are exposed to sea water or other c.orroslve 
Influences. the cover should not be less than two Inches any place, 

lt.etnforced concrete plies should be of 1:1¼:3. or richer mix, with well-graded 
auregate of maximum size limited to ¼ tn~h and a slump of about I¼ Inches. 

For piastre soils a blunt point Is suited ranctn1 from no point at all to a diameter 
at the tip of¼ ofthe pile diameter and a lensth equal to I¼ times the pale diameter. For 
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sand and gnvel or where hard strata are to be penetrated, a tong tapered point Is de
slnbfe: the tip may have a diameter of¼ and a length of three times the pile diameter. 
Points should have cast steel shoes when penetration fs In hard soils. 

Timber trial plies should be driven at various places over the site to ascertain the 
exact lencths required for the plies. Should _ the driven piles require to be 
fenithened, the concrete at the heads should be hacked off till the loniltudlnal rods 
are exposed for a length of at least 3 feet. Ferrules or sleeves of water-tubing or sl
mUar piping should be placed at the heads of the rods, new lengths butted on, iand 
Joints stiffened by flsh bars at least 3 to 5 feet lcu,g, and this network Is well laced by a 
steel wire. Longitudinal bars are also butt-welded. The old surface of concrete "!_~st 

be weU<Jeaned and brushed, the column shuttering erected and the additional length 
cast and allowed to cure f or at least one month before further driving Is continued. 
If steel rods are required to be cut off, It can be done with an acetylene torch. 

It Is generally advisable to use a heavy monkey and a low fall for R.C. plies. With 
a final set of ½ Inch or below, a 2-ton monkey with a I !-fc.c: t fall or a 30-cwt. monkey 
with a 2-foot drop might be used where the load on the piles would not exceed 30 
tons. For piles designed to arry a load of up to ,fO tons with the foregoing final set, 
a I ½·ton monkey with two feet eight Inches drop or a 2-ton monkey with one foot 
eight l11ches drop would be most sultable. 

These plles are made by driving hollow tubes or heavy steel pipe casings and then 
withdrawing them or by boring and filling the holes formed with concrete. The tube 
Is placed on top of a loose cast-Iron point before It Is driven Into the ground and Is slow
ly and steadily withdrawn as concrete Is filled In. Plies are also formed by .driving In 
steel shells, leaving them permanently there and filling them with concrete. The 
sh•lls should be strong enough to avoid distortion by soil pressure or by the driving In 
of adjacent plies. Such plies can be used for lengths up to 70 to 80 feet. They can also 
be made with bulb toes, giving greater bearing value. There are many patented pro
cesses for these piles such as, Frankl, Simplex, Vibro. No driving plle should be with · 
dnwn till all piles within 10 feet radius have been driven. 

Under normal conditions no reinforcement Is necessary, buc where required It Is 
placed In the tube before concreting Is done. The reinforcement used Is made Into 
cages properly wired; the ban are openly spaced; and the lateral ties are not kept clo
ser than six Inches centres. The reinforcement Is exposed for a sufficient distance co 
permit It to be adequately bonded Into the pile cap. Care Is taken to prevent the 
Jnftux of 1011 Into the casings during boring. Before placing the concrete, the holes 
are Inspected by lowering a light to find out If any underslrable material or water Js 
present. The plactng of concrete Is not started till all the shells In a group have bHn 
driven and, In general, tlll all driving within a radius of 15 feet has been completed. 
Bored plies, unless sunk Into hard and compact ground, should be test loaded. 

Steel shells which are to be filled with concrete are coated externally with bltu• 
mlnous composition or tar. etc., before they are driven. In other cases all surfaces 
are coated. If tar Is used. It Is neutralized with staked llme. 

A screw pile consists of a shaft with a steel screw blade attached to th~ lower end. 
The diameter of the shaft varlu from 3 to 10 Inches and the blade Is I¼ to S fHt In dia
meter. When the blade·s diameter Is 5 feet, It Is catted a disc plle. 
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Sometimes there ar; no blades, and only the shaft Is screwed at the bottom. These 
piles can be screwed down to great depths In clay or similar soils. They also 
penetrate through smalt1>i'Oken nones:-The base area-of-the-scr-ew-doe$-fflost...olth ... e.._ __________ _ 

weight bearing. These piles are useful where shocks of driving other types of piles 
are Inf urlous to the neJghbourlng structures. They are screwed down by long bars 
at the top by using manpower. They are, however, not much used these days. 

The vertical plles have some resistance to lateral loads If driven sufficiently deep Into 
a compact soil. The raking piles are driven to take eccentric loads, and are, generally, 
In addition to the vertical piles. They can be driven to batter as great as I In 4, but on 
a larger batter, are difficult to drive and the batter tends to Increase. As far as possible, 
the raking piles should be supported during driving right down to the level at which 
they enter reasonably solid ground. Bearing value of these plies is reduced by about 
I to 6 per cent. 

When the soil Is soft to a great depth, the area should be enclosed with sheet pil
ing to consolidate the ground before the main plies are driven. Plies should not be 
more than 2 per cent out of plumb and not more than 3 Inches out of place. 

The top of a pile must be cut square so that the Impact or the hammer Is distribu
ted uniformly. and the pile Is driven truly vertical. Where a pile has been driven out 
of alignment, Its head should not be forced back Into Une unless the ground around the 
pile (In the direction of the pul,) has been first excavated. 

The pile driving should always progress away from an exlstin& structure and not 
towards It. When close to old bents, walls or piers, pile driving should be started 
leaning slightly away, tC' prevent the lateral pressure crowding the polnu over. In 
the case of a river, It Is done In the direction of the river bed. 

PIie hammers fall Into three main categories (1) drop hammers: (11) sln1le-actlng 
hammers; and (111) double-acting hammers. 

Drop hammers are used for driving all kinds or plies, but are normally used for 
light and steel sheet piles. They are usually made of cast-Iron, have a lifting eye and 
require a leader guide. 

Single-acting hammers are normally steam operated. The ram Is raised by the 
steam, and It drops by gravity when the steam Is exhausted. These hammers are 
usually 2 to 4' tons In wel&ht and have a str.:-ke up to 5 feet. 

In the double-acting type, the steam rlases the ram and also drives It down to the 

pile. It delivers more rapid blows which for the small sizes may be as many as 300 per 
minute, If the hammer weighs less than one ton. The double-acting hammer can be 
used without a frame. 

The weight of the hammer should be at least half the weight of the pile. With 

precut concrete piles, its weight should not be less than 30 times the weight of one 
foot of the pile. WhiJe using the slncle-act.lng or drop hammer for reinforced con

crete plies, the stroke should be llml.ted to~ feet or less. The weight of the hammer 

should also be enough to ensure a final penetration of not lesa than one-tenth of an Inch 
per blow. It Is always prefenble to employ the heaviest practicable hammer and to 
limit the drop or stroke so as not to damage the pile . 
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The weight of the hammer ror driving short concrete or wooden plies should be 
about 5 to 10 cwts. and for bl& and heavy plles about 2 to 3 tons, which gives about 80 
blows per minute through a hel1ht of about 3 feet. In case of an uncertainty about 
the proper weight It Is advisable to use a heavier, rather than a lighter. hammer. 

A comparatively heavier ram with a short fall Is better than a lighter ram with a 
high fall. The latter has a tendency to shiver the pile rather than forcing It down. A 
heavy nm with a short ran Is the best for sand, and a light ram with a hl&h fall for clay. 
A greater number of light blows are preferred to a I esser number of heavy blows, 

especially In sand. 

PIie drlVlnJ Is sometimes very much facilitated by uslni a water jet. It avoids 
very hard driving and vibrations In materials like sand. A Jet pipe having a small dla. 
meter Is taken down by the side of the pile, and the pipe Is kept working up and down 
as required. Water pressure of about 5 to 7 lbs/square Inch In sand and 30 to .fO lbs/ 

square Inch In day Is considered sufficient. A Jet tube can also be cast Into the pile 
and connected with the pile shoe which Is provided with Jet holes. At least two Jet 
holes are necessary on the opposite sides of the shoe. The Jetting pipes should have 
an Internal diameter of not fess than l Inches terminating In a nozzle or fishtail or re
duced area. The jetting should be stopped before driving Is completed (which should 
always be finished by ordinary methods). The ground should not, however. be very 
much disturbed. In case the piles are to be sunk In sand the surface around should be 
flooded. This proves quite helpful. 

Where a pile driving engine Is not available. the following method can be adopted. 
An Iron rod l Inches In diameter and 7 to 8 feet long Is set about one foot Into the cen
tre of the head of each pile truly parallel to the length. A wooden monkey about 10 
Inches In diameter and 3 feet long Is worked up and down this guide rod by labourers 
who stand on a platform fixed to the plle. The monkey Is provided with four handles 
of three-fourths of an Inch Iron screwed by wood screws to the block under 2 Inches 

Iron rlncs shrunk on at either end. Down the centre of the monkey Is a 2¼-lnch hole 
to allow It to slide freely up and down. 

Another method Is to erect a framework (similar to a tripodal lifting tackle) around 
the place where a pile ts to be driven. A pulley Is fixed over the top and the hammer 
Is tied with a rope passing over the pulley and carried to a hand-operated winch. A 
timber framework Is erected round the pile to guide the hammer and the pile and also 
to keep the pile vertical. This Is quite a slow process. and hardly 15 to 20 blows can 
be given In an hour; thus only one pile may be driven In a day. 

In order to avoid the Impact of blows which may damage the top of the piles. 
cushions must be provided for the piles. In case of steam hammers a suitable driving 
head made of cut-Iron 11 fitted to the top of the pile. A thick packing of felt, bags of 
the sawdust, gunny bags, old rags, ropes or such Uke material. are placed over the pile 
head, and above them on the top of the cast Iron driving hood 11. placed a block or 
hardwood. The cushion should not normally be more than 3 Inches thick. ft should 
give enou1h protection to the pile head. but should not absorb too much of ener11 of 
blow. Two layers of soft wood boarding have also been found satisfactory. Where 
pfle heads are made with the fon1ltudlnal bars protruding, the driving head should be 
dest,ned ac:mrdln&fy: a steel helmet Is fitted to the top of the pile and sand Is fllled In 
the helmet to form a cushion. 
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Plies can be extracted by the following methods: (a) by a direct pull from a winch 
In the case or short and easlfy removable piles: (b) by hydraulic Jacks acting on a large 
grip surrounding the pile: (c) by an Inverted double•actlng hammer • 

The piles to be pulled out should be kept lubricated with water In order to reduce 
friction of the soll. The pulling force Is calculated from the frictional resistance of the 
soil. The safe uplift strength of friction plles In sand, clay or gravel, Is generally taken 
at half the safe bearing load. 

The plle tops should be extended Into foundations of the structure for 6 to 9 In
ches and embedded In concrete, or a space 6 to 12 Inches below the top of the piles and 
I foot ouulde the piles Is excavated and concrete placed around and above the piles. 
Sometimes concrete Is stripped off' from the top of the piles for a length of about 2 feet 
and the rods are bent and Incorporated with those of the caps or footings to form a 
monolithic whole. Steel rods .ire left protruding over the top of the plle to be 
embedded subsequently In the foundations. Isolated nanchlons or piers supported 
by fully loaded piles should be preferred for the sake of stability, supported by groups 
of not less than three piles with pile-caps designed to transmit the load to each pile. 

These plies should be of the same material and dimensions as the working piles 
and driven with the same type or plant. Whenever possible, test piles should be 
driven and Installed near the borings so that the driving records can be studied In 
conjun:tlon with the samples and the boring records. 

These piles should ordinarily be not less than 20 feet long. Necessary ob:.erva
tlons to determine the supporting capacity of the piles should be made while they are 
being driven. And from these data the number and length of plies for a particular 
load can be determined. For a foundation covering a large area, It Is good to drive 
test piles at frequent Intervals. 

In order to test that plies have been driven to a safe bearing, one of the following 
conditions Is to be met:-_, 

Weight of Fall of Penetration with last 
monkey monkey blow (avera1e) 

--
Either I a ewes 5 feet I /5 inch In 30 blows 

or 2 15 cwts 15 feet I j,4 Inch In 10 blows 

or 3 8 ewes 30 feet 1/S inch In 10 blows 

It ls very essential to explore the foundation strata before deciding for plle drlv· 
Ing and the safe loads that the piles will carry. Resistance of a particular soil to pile 
driving is not always the correct Indication of Its load carrying capacity. At plac:es 
where groundwater levels fluctuate, there may be a considerable variation In the soil 
resistance, especially In the case of permeable solls (sand, gravel) where water from the 
adlacent soils may lubricate the sides of the pUe. The piles driven Into loose fine sands 
or slits may sustain a much larger steady load than Indicated by the final set per blow. 
Fine sands with some water show premature refusal to driving, sand and water both 
being Incompressible; but after a little rest when the materials have adjusted the piles 
can be driven further. On the other hand, In the case of clays, a plle shows a higher 
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Safe Loads 

loading capacity Immediately after It has been driven than th:it which Is lowered after 

few days when the clay particles have been adjusted and are set. In some cases, days 
are weakened by driving plles through them. Piles driven Into clay, If left overnight, 

will set up and be difficult to start. 

Special care and Investigation are necessary for the piles driven through soft sen• 
sltlve clays, since appreciable settlements may occur with piles embedded whol
ly In clays. In such cases bored piles may be better than driven piles. Occulonally, 
plies which give a large set under the hammer acquire much greater resistance after a 

few days r-est. Therefor-e, full load tests should be carried out for all doubtful casec 
after the piles have been finally driven. The longest practicable time should be allo
wed to elapse between driving and testing to permit the recovery of soil condltlons---
around the pile. A factor of safety ofl co 3 Is generally allowed. Driving to •·refusal" 

or driving In a manner that obtains an exceedingly small set, should be avoided. In 
the cue of concrete plies cut-In-situ, tests should be carried out by actual loading after 
2 weeks of concreting, when It has set. The load at which :a pile begins to show settle
ment should be taken as the ultimate strength or the pile. 

Safe Loads for Timber Piles and Struts 
(In tons) 

Size 
Len,th in feet 

---- -

4• ,. 9• Ir 15· 

6 5.3 13.8 33.S 61.S 97.7 

10 4.0 I 1.5 20.3 57.0 93.l 

20 .. 7.2 22.0 '45.9 79.0 

30 16.2 36.2 6•f.9 

40 .. 28.8 Sl.8 

50 .. . . 23.6 4S.l 

-
Safe Loads for Precast Reinforced Concrete Plies 

Size of Maximum Weight of Maximum Diameter of main bars for- length of 
ptle (In load piles shoe length 
Inches) (In tons) (In lbs) (In feet) 

10' 30' 40' so· 60' 70' 

10.10 20-25 25 30 5/8 3, 4 

llxll 3~ 30 -40 3:4 7/8 

14xl.J 50-SS 40 ss 3/4 7/8 I Ii 

l6xl6 65-75 50 65 - 7/8 I Ii I¼ 

18xl8 80-90 60 75 - - I ,. I¼ , . 
• -
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RedllCtion Factors for Plies Act1n1 as Columns Reduction Factors 

Rathn,f-tfr r 11.G.,-----.,Steel---<Cut-lron----------Timbe 

0 
10 
20 
30 
-40 
50 
60 

70 
80 
90 

100 
110 
120 
130 

1.00 
0.98 
0.95 
0.93 
0.89 
0.81 
o.n 
0.61 
0.50 
0.-41 
0.34 
0.28 
0.2-4 
0.11 

1.00 
0.88 
0.76 
0.67 
0.59 
0.51 

1.00 
0.95 
0.89 
0.84 
0.78 
0.73 

0.60 
0.62 
0.57 
0.51 
0.46 
0.41 
0.36 

0.32 

I Is effective lenith and r Is least radius of gyration. 

1.13 
0.94 
0.80 
0.64 
0.50 
0.39 
0.31 

The least width and cross-sectional area of a taper pile should be based on the di
mensions at a point two-thirds of Its exposed length from the top of the plle. the eX· 

posed length being Increased as mentioned above If the top stratum conslsu of very soft 

clay or mud. 

Plies should not generally be loaded above 15 to 20 tons. except In the case of 

bridges. 

The load carrying capacity of a group of piles Is not always the multiple of the cap~ 
city of a single pile. For a group of piles, depending mainly on frictional resistance In 
cohesive soils. an appreciable reduction In the bearing capacity should be anticipated. 
In soils which are compressed by plies and have deep deposits of fairly uniform consls• 
tency, the computation of pressures should be made on the assumption that the load 
Is spread uniformly at the bottom of the piles for a distance of 0.58 times the length of 
the pile. (In some soils. the Individual bearln& capacity Is reduced only to one-third.) 
As this determines the spread of the load owing to the action of the piles, the number 
of piles required and their spacing under a speclftc load can be fixed. Plies muse have 
a clear space equal to two diameters of the piles between them In all directions. Test 
loads should be applied to groups of at least four piles placed at the Intended spacln1 
rather than to single piles. 

For plies depending mainly on end support In non-cohesive soils. no correspond
Ing reduction In Individual bearing capacity may be allowed, while In loose sands and In 
some silts, the b~rlng capacity of a group of driven plies may be hlchcr owln1 to th• 
effect of compaction. This capacity cannot be accurately forecast except by test load• 
lngs an the whole group. ~ 

Ordinarily one-third of the total piles on an area should be tested. but their num· 
ber should not be fess than two piles for the entire site. A suitable platform should 
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Ultimate B•rin1 
Capadt, 

FormulM 

be built on top ohhe plle which has bun In place for at leut 24 hours after It hu been 
finally driven. The total test load should be twice the proposed working load on the 
plle-some authorities. however, recommend only one and a half times-which should 
be put In about four to six Increments starting with half the worklnz load. If there Is 
no settlement the next load should be put after about 12 hours. The final load should 
be allowed to remain for at least "48 hours after there Is no settlement. 

The bearing capacity Is most accurately determined by test loading. The probable 
bearln1 capacity In non•coheslve soils (gravels, coarse sands and similar deposits) may 
be deduced from one of the dynamic pile formulae. However, many of these formulae 
are very unreliable and should be used with cautTon. The formulae are not applicable 
to systems which provide an enlarged base to the foot of the plle. 

Formulae for determining safe load on plfes:-

"Englneerln& News .. Formulae-Due to skin friction:-

For Timber piles: (Not driven to "refusal") 

lWh 
R-s+T.o 

lWh 
R- s+o.( 

2h (W+Ap) 
R- · s+o.1 

for piles driven with freely falling drop 
hammer. 

for plies driven with slngle-actlnz steam 
hammer. 

for piles driven with double-acting steam 
hammer. 

R.-Safe bearing power of the plle In lbs with a factor of a safety of 6; W-weJ1ht 
of hammer In lbs; h=Helght of fall of hammer In feet; S=Average penetration In 
lnchu (per blow) In the last six blows: A-Area of piston In square lnchesi p-Hean 
effective steam pressure In lbs/square inches at the hammer. 

For driving heavy plfes with light ~ammen the above formulae were found unsatls· 
flccory and further modifications have been suggested. 

The modified formula Is: 

2w h 
R.-w.-5+-o...,.lxp/W , P Is the weight or the plle. 

Wh 
Sander's Formula for timber plles: R-8 ,-

0utch Formula for precut concrete piles: 

W2h 
R---,_ 

n (W+w)s 
4W2 wh 

R- n(W+w)i (Modified formula). 

R-Safe bearing resistance of piles in tons: w-Welght of hammer In tons: 
hwHelght of drop In feet: s=Set or penetration of piles In feet (per blow): Ww 
Weight of plle In tons: n-.:::11 a constant. 4 to 6 for concrete piles, 6 to 8 for timber 

plfes. 

Saf'e loads on Isolated single plies or Isolated pain of piles should be reduced to 
allow for acddental misplacement during drlvln1 or Inaccurate positioning. 
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Safe Loads on Piles in Ton, 

Penetra- 3 cwt. monkey 6 cwt. monkey I ton !"Onkel_ 
t lon..of H el1ht....of ~I of monke)'-in--' 

piles(in -
inches) 4 6 8 4 6 8 4 ' 8 

0.25 0.96 1.44 1.92 1.92 2.88 3.84 6.'40 9.60 12.80 

0,50 0.80 1.20 1.60 1.60 2.-40 3.20 5.33 8.66 10.67 

0.75 0.69 1.03 1.37 1.37 2.06 3.74 4.57 6.86 9.10 

1.00 0.60 0.90 1.20 1.20 1.80 2.-40 4.00 6.00 8.00 

The choice of the type or pile Is governed largely by site conditions. Under nor
mal conditions. a driven pile Is usually employed. But where vibrations and noise 
have to be .avoided or where the headroom Is limited the use or bored cast-In-place 
plies Is preferable. The bored or driven cast-in-place piles are likely to derive additional 
carrying capacity when formed In soils such as coarse sand or gravel owing to the fric
tion developed between the tamped concrete and the surrounding soll. 

The spacing depends upon the distribution and magnitude of the loads to be carrl· 
ed. the width of the piles. the soil structure and the manner In which the piles transfer 
their load to the ground. With end-bearing piles. the minimum spacing should not 
be less than 2 feet 6 Inches centre to centre or twice the least width of the plles, which

ever Is greater. Friction piles should not have spacing less than 3 feet 6 Inches or the 
perimeter of the piles, whichever Is greater. For heavy piles, the maximum spacing 

varies from S feet to 7 feet 6 Inches. In the case of screw piles, the spacing should not 
be less than twice the diameter of the screw in soft ground, but may be slightly less 

fn ground of good bearing value. There should be no tendency of the side soil rising 
up owing to the driving of adjacent piles which Is caused by driving closely-spaced 
piles Into relatively Incompressible strata. such as clay or dense sand and gravel. 
Spacings may be closer In loose sand or filling. 

On shrinkable clays. It may be more economical to use short bored piles and beam 
foundations to support the external walls. This system Is suitable on sites where 
firm to hard shrinkable clays occur. Where such clays do not overlie softer clays and 
peat. the system Is not suitable for very stoney sites. The pile holes are bored to a 
depth of 8 to 12 feet by an auger. The most suitable hand auger Is the bucket type 
post-hole auger. The average spacing of the piles is about 8 feet, depending upon the 
locations of doors and windows under which no piles should be bored. Plies should 
be cast Immediately after the hole has been bored and concrete-tipped through a hop
per so that no soil falls Into the hole. Immediately before placing the concrete the 
bottom of the hole should be well-punned and also made dry so as to ensure a firm 
base. The lifts should be about one to two feet deep, and each lift should be thorough
ly compacted berore the next ls poured. A lightly reinforced concrete beam about 12 
Inches wide and 6 Inches deep spans In between and Is anchored to the piles. The 
bottom of the beam trenches shoul~ preferably be blinded with ashes or clinker. 
Reinforcing rods about 4 feet long and i Inch in diameter should be set l feet In the 
head of each corner pile and bent over and cast In the beams. 
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General 

Manufacture 

Dimensions of Plies 

Pladn1 

The load carried by a pile depend, on the diameter and l•ngth of the pile In addl· 
don to the type of day. Sufficient bore-holes should be made to determine the nature 
ofth• clay, and In all cases the depth should be 2 feec 1reatt1r than the antJdpated 
lenp of the pile, with a minimum depth of 12 feet. 

Load Bearln1 Capacity of Bored Pllu 

Strenatfl Claulfl. DiLofpile 
:g 

Lenl!h of £11• iln feet! 
12 cations (in Inches) I lo - ·-

Firm at l feet 10 2 tons - 4 tons S tons S tons 
and 12 3 tons 6 tons 7 tons 

Stiff at 8 feet , .. 4 tons 6 tons 7 tons 8 cons 
--- --

Stiff at 1 feet 10 2 tons 6 tons 8 tons 
and 12 3 tons 7tons 9 tons 

Hard at 8 feet 14 4 tons 9 cons 11 tons 

*Six feet piles are advised only for Internal situations given adequate shelter by a 
solid concrete floor. 

NO. 29,1 CONCRETE LOAD BEARING PILES 

Specifications 

1.1 All concrete materials and their production, formation, placing, curing and 
repair under these specifications shall conform to Specifications No. 20.1 for Cement 
Concrete. 

1.2 All fine and coane aggregate used for concrete under these specifications shall 
conform to Specifications No. 6.1 A & 6.1 B for fine and coarse agregate respectively. 

2. All concrete load bearing plies shall be manufactured In accordance with the 
details shown on the drawings or as directed by the En&lneer•ln•tharce In writing. 
Plies shall be cast on level, and tl&ht platforms shall be constructed to prevent settl .. 
ment during the casting and curing operations. All concrete shall be thoroughly com
pacted by adequate vibration, spadln& and roddln& during the pladnc operation, and 
shall be thoroughly worked around the reinforcement and Into the corners of the 
forms. Vibrations shall be applied uniformly over the entire len1th of the pile and 
shall be of sufficient duration to ensure a thorough compaction. Plck•up points and 
date of casting shall be dlsclnctly marked on each pile. 

3. Unless otherwise specified or directed by the En1lneer•ln-charge In writing. 
the dimensions of the piles shall be as shown on the approved drawings. 

4. Plies shall be driven as accurately as practicable In the correct location, true to 
line both laterally and longitudinally and co the vertical line as Indicated on the drawing. 
A lateral deviation from the correct location at the cut-off elevation of not more than 
3 Inches shall be permitted. A variation In slope of not more than 2 Inches per 10 
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feet of fongltudlnal axis shall only be permitted. The correct relative position of 
piles shall be malnulned by the use of template or by other approved means. Any pile 
driven out of correct locations shall be pulled out and redrlven by the contnctor at no 

i sifdltlonal <0$'C. No-fatenl-force-ofany-nature-or-magnltude-shall-be-permltted-t0-pull-----------
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a plle Into correct position or vertical alignment. 

5. Plies shall be driven by means of a steam hammer or an air hammer or an air 
hammer of a size and type suitable for the work, as approved by the Englneer•ln-c:harge. 
The weight ofthe moving parts ofthe hammer shall not be less than 8000 pounds, unless 
otherwise authorized by the Engineer-in-charge. The hammer shall be operated at all 
times at the steam or air pressure and at the speed recommended by the manufacturer. 
Boller or compressor capacity shall be sufficient to operate the hammer continuously 
at full rated speed. During driving, plies shall be protected by a cushion and cap 
approved by the Engineer-In-charge. Pile drivers shall have firmly supported leads 
extending to the lowest point the hammer must reach to drive the piles to cut-off 
elevation without the use of a follower. Each pile shall be driven continuously and 
without voluntary Interruption till the required depth of penetration has been attained. 
Deviation from this procedure shall be permitted by the Engineer-in-charge only In case 
the driving Is stopped by causes which could not reasonably have been anticipated. 
Water Jet shall be allowed to be used to assist driving only when specifically authorized 
by the Engineer-In-charge, who shall grant such permission only where satisfactory 
driving cannot be obtained otherwise. Where Jetting Is authorized, the Jetting equip
ment shall be of a type and capacity approved by the Engineer-In-charge. The lowest 
3 feet shall. ,however, be always driven without Jetting. Unless otherwise authorized 
by the Engineer-In-charge, no pile shall be driven within 100 feet of concrete less than 
seven days old. Unless otherwise specified or directed by the Englneer-Jn-charie all 
pile tops shall be driven to cut•off' elevation. 

6. Any pile which Is cncked or broken because of Internal defects or by Improper 
handling or driving, or which Is otherwise Injured so as to Impair It for tu Intended 
use or any pile driven out of proper location, shall be removed and replaced by the 
contractor at his own expense. The Engineer-In-charge may require the contractor 
to pull out cenaln selected piles (up to a maximum ofl per cent of the total number 
of the piles driven subject to a minimum of 2 piles) for test and Inspection to 
determine their condition. Any pile so pulled out and found to be damaged to such an 
extent as, In the opinion of the Engineer-In-charge, would Impair Its usefulness In the 
completed structure, sh,dl be removed from the site of the work, and the contractor 
shall furnish and drive a new pile to replace the damaged one. Plies pulled out and 
found to be In a sound and satisfactory condition shall be redrlven and In such a 
case payment for both the Initial driving, pulling out and redrlvlnz shall be made 

to the contnctor • 

7. A plle which cannot be driven to the required depth of penetration because of 
an undercround obstruction shall be pulled out, the obstruction removed, and the pile 
redrlven-all at the contractor's expense. If for any reasons It Is not possible to drive 
a ptle to the required depth or penetr.itlon. the Engineer-In-charge shall determine, 
whether an acceptable friction bearlo, capacity has been attained, and, If so, shall 
permit the contractor to cut the pile off perpendicular to the axis ofthe pile at the cut
off' elevation as shown on the drawing. Otherwise, the contractor shall continue to 
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drive the pile or pull out and redrlve the pile In order to obtain the required depth of 
penetration. The cut-off method shall be used In a way that does not damaie the 
portion of the pile to be left In place nor the pile reinforcement. 

8. Piles should be I engthened, when so required, by splicing, after getting approval 
or the Engineer-In-charge. For this purpose, the longitudinal reinforcement or the 
pile shall be exposed for a length equal to at least 50 diameters or the bars. If neces
sary, the concrete shall be cut away to accomplish this. Ban of the same size and or a 
length sufficient for the required extension shall be fastened to the exposed bars and 
transverse reinforcement as shown on the drawing for the pile head; concrete cuts 
shall be made perpendicular to the axis of the plle: and all concrete shall be removed 
above the elevation of the 50 diameter length cut. Bars shall be lapped for the 

I 
full length of the bars exposed. Alternatively the splicing can be done by welding the 
relnforc-ment bars, If approved by the Engineer-In-charge. In such cases only enough 
concrete shall be removed to provide adequate working space for the welding 
operation. 

When refnforcement has been properly placed, by lapping or welding, the top 
of the pile shall be roughened and the necessary formwork placed. Immediately before 
pouring concrete, the top of the concrete shall be thoroughly wetted and covered with 
a thin coat of neat cement mortar. Concrete of the same quality as that used to cast the 
pile shall then be placed, finished and cured as specified for all pllu, except that forms 
shall remain In place for at least n hours after placing the concrete. Driving of a 
splfced pile shall not be resumed till It Is approved by the Engineer-In-charge. 

9. Storage and handling of the plies shall be executed In a way that coes not subject 
them to over-stress, spalllng or other Injuries. Plies shall remain undisturbed after 
casting and shall not be subjected to handling till the specified curing period ends. 
They shall be lifted by means of a suitable bridle or slings attached to them at the 
marked pick-up points. Plies which are over.stressed or otherwise Injured during 
curing or handling shall be removed away from the site of work by the contractor at 
his own expense. 

10. The length of the piles driven and Installed below the cut-off elevation In ac
cordance with the approved drawings and speclfiatlons or as directed by the 
Engineer-In-charge In writing shall be reckoned for the purpose of making payment. 
The unit of measurement shall be I II near foot measured along the axis of the pile. 

11. The unit nte shall Include the manufacture, storage, handllng, transportation 
and driving of the concrete plies conforming to above specifications. 

{I) At the site of work (to be defined in the conditions of contract). 

(It) Pulllng out, removal and replacement of the damaged piles discovered 
during the process of testing as stated In theie specifications. 

(Ill) Cutting off any pile which the contractor Is unable to drive to the required 
depth of penetration or pulling It out and redrlvlng It In order to obtain 
the required depth of penetration In accordance with the provisions of 
these specifications. 

(Iv) Spllclng that may be required under the provisions of these specifications. 
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The following Item shall be paid In addition to the unit rate per linear foot:, 

(1) Piles driven to the cut-off' elevations, which are pulled out at the direction 
or the Engineer-In-charge under th~ provisions of these specifications and 
round to be In good condition, shall be paid for at the unit nte per linear 
foot for pulling out and at 50 per cent of the unit per linear foot for r•· 
driving. 

NO, 29,2 CONCRETE SHEET PILES 

Specifications 

I. Unless otherwise specified or directed by the Engineer-In-charge In writing, 
concrete sheet piles shall be cuerully located as shown on the approved drawings In a 
plumb position, each pile Interlocked with adjolnlnc piles for their full length so as to 

form a continuous diaphragm throughout the length of each run of sheet pile wall. All 
sheet piles shall be driven as true to the line as practicable by providing suitable tem
porary walls or guide structure to depths shown on the approved drawing and shall 
extend to the elevation Indicated for the top of piles. In case of structure where 
watertlghtneu Is certified to be necessary by the Englneer-ln-:harge the following 
procedure shall be adopted. 

2. After driving sheet plles to the specified depth the jolnu between them shall be 
flushed out by a water jet from a pipe Jong enough to reach the bottom of the piling. 
The groove shall then be filled with cement grout composed of one part of cement to 
two parts of sand to ensure a watertight joint. 

3. Where new piling Intersects existing pile line, :, sufficient quantity or the existing 
piling shall be extracted to permit the new pllln1 to be Installed without a break In con
tinuity or watertightness. Extraction of the existing plling shall be limited to that 
required for a workmanlike Installation or new pllinz and shall be duly approved by 
the Engineer-In-charge. 

4. In all other respects concrete sheet plltng shall conform to the relevant clauses 
or the Specifications No. 29.1 far Concrece Load Bearing Plies. 

NO. 29.3 MILD STEEL SHEET PILES 

Specifications 

I. Unless otherwise specified or directed, the type and pattern of mild steel sheet 
piles shaU be as shown on the approved drawings . 

2. The minus tolerance on the pile thickness shall not excead 2½ per cent. 

Plies and PIie Drl'llng 559 

Pladnt 

Watertl1ht Joints 

lntenectfon of 
Existlns PIie Lines 

by New Pllln1 

Otherllupeds 

T1pe 

Tolerance 

.... -· - t - ,._ - • ., r -



Trutment Prior 
to Drl•ln1 

DriYlna 

Dimension of 
ShNt Pllu 

M ... urements 

Rate 

3. When considered necessary by the Englneer•ln-charge, each pile. before driving. 
shall receive two coats of non•settlng cold applied bituminous material of a consistency 
that does not run or flow and yet can be eully applied Into the Interlock. Unless 
otherwise specified or directed In writing by the Englneer•ln..:harge, the material for 
these coatings shall be the same as specified In the approved drawings or the sheet piles. 

"4. Unless otherwise specified or directed In writing by the Engineer-In-charge the 
lay.gut of the sheet piled cut-offs shall be as given on the approved drawings. The 
piles shall be normally driven In pairs with their clutches engaged for their (ull length 
and any Indication that pile has become bent or a clutch has become disengaged shall 
require the Immediate withdrawal of that pile.- The piles shall be driven vertically 
to the alignment shown on the approved drawings to true lines and even planes and to 
the levels Indicated. Deviations shall not be greater than 3 Inches from this alrgnment 
and one degree from the vertical plane, but the Jun:tlon piles shall be located within 
one Inch. The junction piles shall be provided at all points shown on the approved 
drawings or where rows of piles meet and shall be of the same length as the lon1er of the 
rows Joined. If there Is any defect In the horizontal or vertical alignment of the piling 
or a break has actually occurred In the continuity of the plllng or Is suspected to 
have occurred such a pile or piles, whether defective or not, shall be withdrawn and 
new piles driven to remedy the defect or suspected defect. Ir any distortion, creep 
or fanning occur In the line of piling, steps shall be taken to rectify the defects and 
where necessary suitably tapered plies shall be driven to the satisfaction of the Engineer
ln-c:har1e or his authorized representative. Driving by Jetting shall be done only if 
approved by the Engineer-In-charge. Care shall be taken to ensure that the Jetting 
does not loosen the soil below the feet of the piles, and for the last 3 feet the pile shall 
be driven without Jetting. 

5. Unless otherwise specified or directed In writing by the Englneer·ln-charge, the 
sheet plies shall be of the dimensions Indicated on the approved drawings. 

6. The mild steel sheet pile shall be measured by weight. The unit of measurement 
shall be one ton. 

7. The unit rate shall Include furnishing sheet plies of an approved make and speci
fied length. stacking and driving them as per above specifications at site of work to be 
defined In the conditions of contract. No payment shall be made for carrying out rem• 
dial meuures necessary for driving the sheet plies to the correct depth and In the 
correct alignment as per above specifications. 

Where the sheet plies are supplied by the Government. the unit rate shall Include 
drMn1 the sheet piles as per above specifications at site of work to be defined In the 
conditions of contract. 
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RIVER TRAINING AND a1vas10N WORKS 

lntrodudion 

River diversion works usually have earthern embankments provided with various 
precuatlonary measures to safeguard against percolation. sllpplng, leakage. erosion. 
etc. These measures have been described In chapter No. 17. Pilchi-pltchlng will. 
however. be explained here rather In detail. 

PilchJ-pltchlng which means the laying of sarkanda. farash or pilchl-rolls as headers 
and stretchers (as shown In the figure on pace) Is usually done along slopes of 
river embankment and on the downstream of falls In the Irrigation canals to protect 
the banks from side erosion and wave-wash. 

Rolls used as headers are normally S feet long and 6 Inches In diameter, while those 
used as stretchers are 30 feet long and 6 Inches In diameter. Plkhl, far.ash, or sarlcanda 
used for making these rolls must be green and of the best quality locally available. Th• 
rolls have to be well-compacted and tightly tied with coane munjban or binding wire 
at one foot Intervals. The complete process of pitching Is described below:-

The lowen layer of rolls Is lald as header. These rolls are laid as dose to each 
other as possible In order to get one compact layer of pllchl. They are further secured 
by laying 30 foot long rolls across them as stretchers and tying them down to position 
by driving three feet long pegs at fiv~foot Intervals. This Is very essential; for other
wise the stretcher roll Is liable to slip out on account of wav~wash and bouyancy. 
The exact location of this stretcher roll depends upon the Inner slope of the embank
ment. It has to be so placed that It Is Just covered within the slope line as shown In 
the figure. After placln1 every layer of header roll a layer of good earth Is placed and 
thoroughly compacted to make It level with the top of the stretcher roll placed over 
the headen. The process Is repeated till the embankment has risen to the desired 
level. Normally chis sort or pitching Is done up to a height at least one foot above the 
full supply level In case of Irrigation channels, and three feet In case of river embank
menu to serve as protection against wave aetlon. The position of the ends of the 
headers vls·a-vls that of the screecher rolls as well as the slope llne Is kept as shown In 
the figure. 

In case of new construction the pitching Is done alongwlth the embankment. and 
horizontal layer In the main embankment corresponds with the earthen layers placed 
between the two consecutive layers of pllchl rolls and Is compacted simultaneously. 
But where the pitching Is subsequently done as a remedial measure either of the 
followln1 course shall be followed: .. 

(1) The Inner scoured portion of the embankment Is pulled down to ac
commodate pllchl-pltchlng. The scoured earth Is re-used In building up 
between the rolls of pilchl. 
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(11) Embankment Is stepped and pitched. In this case the over-all dimensions 
of the embankment are Increased to add to Its stability. This may be 
comparatively costlier on account of borrowed earth utilized for the 

purpose. 

PILCHl·PITCHING 
.. 

Specifications 

(1) The pllchl, farash or sarkanda used for pitching shall be or the best quality 
locally available and duly approved by the Engineer-In-charge. 

(ii) It shall be used when It Is stlll green. 

(1) Unless otherwise specified or directed, pllchl rolls as headers shall be five 
feet long and six Inches In diameter and those used as stretchers 30 feet 
long and six Inches In diameter. 

(11) The rolls shall be well-compacted and tightly tied with coarse munjban 
or binding wire at one-foot Interval. 

(I) The Inner side of the embankment shall be cut out to accommodate the 
pitching or pitching shall be done on the surface or the existing bank 
strictly as specified or directed In writing by the Engineer-In-charge. 

(11) Unless otherwise specified or directed, the pitching shall be started from 
the ground level. 

(flf} The first or the lowest layer of rolls shall be laid as headers and as close to 
each other as possible In order to get one compact layer of pilchl. 

(Iv) The second layer shall consist of stretcher rolls tied down by means of 
three-foot long pegs at five-foot Interval. The stretcher roll shall be so 
located that It lies Just within the Inner slope of the embankment, 

(v) After laying header and stretcher rolls a layer oF good earth shall be placed 
and thoroughly compacted to m1ke it level with the top of stretcher roll. 

(vi) The second and subsequent layers of header and stretcher rolls shall then 
be laid as previously and then process repeated till the pitching has been 
carried to the specified level. 

4. The measurements of pilchl-pltchlng shall be done along the sloping pitched 
surface ofthe bank. The unit of measurement shall be 100 square feet. 

S. The unit nte for pllchl. farash or sarkanda pitching shall lnclude:-

(1) Procurement of green pilchl, farash or sarkanda of approved quality. 
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(II) Their cutting and transportation to the site or work by any means or 
transport approved by the Englneer•in•charge within one mile. Car-

l rlap beyGnd...one....mile..shalU..paJd-separatel11-.------------------
I 

j 

(Ill) Making rolls of special dimensions to be used both as headers and stretchen 
Including binding wire or coarse munJban whichever has been specified. 

(Iv) Laylni header and stretcher rolls In position as per above specifications. 

(v) Putting three feet long klllas In position as specified above. 

The unit rate does not Include the supply of klllas. The cost of placln& earth 
between the rolls shall also be paid separately as earthwork. 

(i) Use of farash shall be avoided, If pllchl Is available. 

(II) Sarkanda shall be used as a last resort. In case of sarbnda mattress or 
pitching the distance of pegs shall be reduced as directed by the Engineer
In-charge or his authorized subordinate to check Its tendency of float
ing. 
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Precut Cement Concrete ltl-29' 

Floor, precastln1 197 
General 2'7 
Moulds 298 
Moulds and lifting apparatus, design of 298 
Moulds Htdnc up or 298 
Moulds deposltln1 concrete in l9B 
Moulds remonl of 298 
Other respects 199 
Precut concreto net squ:re or honey combed 298 
Preast concrete broken or dam111d 298 
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Precan conciete hrtin& and dn1n1 299 
Precast concrete sucking 299 
Usinc date 299 

Moulded Cement Concrete 199 

General 299 

HolCJ nipper and V-Grovcu 299 

Houldlnc 299 

Other respccu 2'J9 
Surface Carbonndum non-skid 299 

Reinforced and prestressed Cement Concrate lto-JOJ 

Auregat size of JOO 
Dan In compreulon 301 
Bars disuncc between two JO I 
B.ars lap In ]01 

Curing reinforced and prestresse:t ccmcrcte 302 
Forms removal or ]02 

Forms depositin1 concrete in 302 
Hooks 301 
Other respecu ]Ol 
Reinforcement ]00 
Reinforcement placin& ]DO 
Reinforcement blndin& wire for ]0 I 
Reinforcement 1hnr ]01 
Reinforcement cover over ]02 
Reinforcement in,pcction of ]Ol 
Strencth required JOO 

Lime Concrete (ordinary) JOJ-JCM 

A11rc1ate JO] 

Aurciate size of JO] 
Curlnc 304 
Joints 304 
Laying and Rammlnc lOl 
lime JOJ 

Musurement :and Rate J0-4 
Mhdnc 303 

Mixlnc to be continuous and adequ:ate 30] 
Placfonn for suckin1 and mlxlnc 30) 
Soaklnc lOl 
Surkhl ]0] 

Test 304 

BRICK WORK 

Glouary of Terms 31S.Jl7 

lntroducdon JIS 

Brick work (Bulldinc) 317-JU 

Arches 325 
8eddlnc of brick l 19 
Bond 310 
Bonds In brick work 320 

Brick work nlnforced 321 
Brick work stablllq, of 320 
Brick walls thlcknen or 318 
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Chimneys lll 
Chimneys throu1h roor, 325 
Chimney poa and flaunchif'II 325 
Damp penetntlon resistance to 319 
Drau1ht 314 
Durablllty of brlc:k work 317 
Fbdn&s 325 
Flues 324 
Flues Insulation or 315 
Flues lndlnatlan or 325 
Hearths 315 
Levellin& 319 
Piers 313 
Piers Attached 323 

Rackin& 310 
Scaffolds 311 
Smoke shelf 324 
Thermal Insulation 319 
Thlckenln& 310 
Toothln& 310 
Walling 317 
Bricks wettln1 of 319 

SpeclAcations J»-337 

Brick work (General) 32'-319 

Bed plate 328 
Bricks 32' 
Brick bau 316 
Bond 316 
Bricks laying of 317 
Bricks l17lng In fretting wather 318 
Bricks wetting or 326 
Bricks work cut 317 
Centring 328 
Clmlficatlon 32& 
Corner 327 
face work 327 
Fixtures 328 
Jolnln1 works 327 
Jolna 317 
Joint nklng 317 
Joint striking of 317 
Measurement 329 
Mortar 326 
Opening, 319 
PIiiars round 317 
Plumb bobs a"d stnlght edges 327 

Pro1ren 328 
Protection waterin& 319 

Putlo11 329 
Rate labour 319 
Rate composite 319 
Scaffoldln& 319 
Scope 316 
Tools 316 
Water 326 
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lirick work 1st clan 329 

Bricks 329 .. 
Other respccu 329 

Brick work 2nd class 329 

Bricks 329 
Brick work layln& of 329 
Other respecu 329 

Brick work 3rd class 330 

Brlcks 330 
Brick work laying of 330 
Other respects 330 

Irick work In archu 330-331 

Arches precautions for relieving 331 
Bricks 331 
Drainage openings or 332 
Other respects 331 
Monar 332 
Refuae niches 332 
Scope 331 

Corbellln1 lll-33 

Layln& 332 
Other respects 333 
Copln& 313 
Layln& 333 
Other respects lll 

Window Sills lll 

Layln& 333 
Meuurement 333 
Other respects 333 

Cornices 333 

Layin& 333 
Measurement 333 
Other respects 333 

Strini Coune ll4 

Laying 334 
Other respects 334 

Eave Brick work 334 

laying 334 
Measurement 334 
Other respects 334 

Drip Coune ll4 

Gener;il 3H 

Brick work In Re-lmbunement to Drains JJ.1.)35 

Base 335 
Joints 334 
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layln1 334 
Heuuremen, 335 
Other respecu 335 
Strike 335 

Bride work In Tes• to Drain,. lll 

Base 335 
La7ln1 335 
Other respects 335 

Su!M!lrled Bride work 335 

Brides 335 
Composite rite 336 
Joints ll5 
la7ln1 of brick work 335 
H-urement 335 
Morcar 335 
Precautions 335 
Rate Labour 335 

Kachawall 336 
Bulldln1 of Kacha w2.II 3]& 
Clay 336 
Hasurement 336 
Rate labour 336 
Scope of work 336 
Type 336 
Water 336 

Ghllatl Brick work lJ6 

Layln& 337 
Mortar 337 
H ... urement 337 
Puca bricks 336 
Rate compmlte 337 
Rate labour 337 
Scope of work 336 
Sun-dried bricks 336 
Wa~r 337 

8rlck work with Hoop Iron JJ7 

Composite rate 337 
labour rate 337 
Materhl and construction 337 
H-urement 337 
When used 337 

Introduction 3ll 

Arched llntel1 361 
C11111flc:ation of stone muonry 356 

STONE MASONRY 

C1uslflcatlon of lolnts and connection In stone muonry 359 

Definition 338 
Genenl prlnclples 338 
Joints 359 
Hlllln1 353 
PltchlnJ stone on slopes 3f»3 
Pltchln1 stone on apron 363 
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~election or surrue finish 355 
Stone llnteJ, ]61 
Stone arches ]62 

• Surface finhh 353 

Glossa.rr of Terms l38-3Sl 

~ Specifications l~-377 

Stone Masonry (General) 36"4-366 
Bed ph1te1 366 
Centring 366 

Composlte Rate 366 
Coping and corners 366 
Cramps 366 
Fixture 365 

Laying stone masonry 365 
Lintel and Inside stone 365 
Morur 364 
Openings 365 
Protectlon and watering 366 
Putlogs 366 

Round corner 366 
Scaffolding 365 
Scope 364 

Stacking or stone 36-4 
Stone 364 

Striking of Joints 366 
Tools and equipment 365 
Water 365 

-+ 
Weuln& of stone 36S 

Dresslns and Cuttlns Stone ]67 

Chrsel Dressed stone 367 
Cut stone work or moulding 367 
Flne dressed stone 367 
General 367 

Hammer dressed stone 367 
Measurement 367 
Rough tooled scone 367 
Rate 3&7 

Ashlar Masonry 367-3'8 

Bond 368 
Counes 368 
Dressing 367 
Jambs ]68 

Other respects 368 
Scope 367 

Sl~e of stone 367 

I 
Tliickness or faints 367 
Through scone 368 
Rough tooled or basnrd ashlar 368 
Rock runic or quarry 
Faced ashlar muonry 368 

Ashlar Faclns Jfl-369 

Beds and joints 369 
Bond stone 369 
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Depth of r1cln1 369 
.1 Dreain1 of stones 3'8 

Genenl 361 I 

Hel1ht of counu ]69 
I 

Measurement 369 
Siu of scone l68 

Ashlar a1oc1t in Course ]69 ·~ 
Hnonry 369 
Bond 1&one 369 

Drealn1 369 
Layln1 369 .. 
Other respecu 369 
Sia of stone 3&9 

Ashlar alock In CourH Masonry ]6' 

Beds and jolnu 370 

Bond stone 369 
Dnmln1, layln1 J69 
General 3'9 
Helpt of coune 370 
Mode of mnsurement ]70 

Size of 1&one 369 

Copln1 Comlces and Columns 370-171 

Challas 370 
Composite Rita 371 
Dowell 370 

Drealn1 370 
Joints 370 
labour rates ]71 +-
Hnsurement 371 
l1ortar 370 
Sin of stone 370 
Scone 370 
Wellherln1 and chroatin1 370 
Coune Rubble Masonry 1st Clau 371-372 

8raldn1 of joints 371 

Drasln& 371 
HartlnJ 371 
Hel1hc of course 371 
Interior face 371 
Other respecu ]72 
Quoins 371 
Size of stone 371 
Thltkness of Jolnu 371 
Throu&h stone and headers 371 

Course rubble masonry 2nd clus )72 
Other rapltCtl ln 
Scope 3n 
Random rubble muonry 172 

General 372 
Hurt1n1 373 
jolna 3n 
Other respem 37l 
Throu1h 1&one or headers ]72 
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Dry Rubble Masonry 313 

Beds 373 
~ 

Bond atone l7] 

Fillinc 373 
-------------Meuur•menu-or-ratet-31-3-----------------------------------
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Sii:e or stone ]73 

Stone Masonry In Arches l7J-375 

Brukln& jolnu ]75 
Buildln1 of 11rches 17-1 
Centrln& l73 
Cuttlnc, dreuing of ,tone 373 
Gener.I 37] 
Meuuremenu and r;te J75 
Size of stone 374 
Throuch Stone 3H 
Wed&•• and sand boxes 17·1 

Dhalil Wall1 375•376 

Breuumen posts 175 
Damp iround protection from ]75 
Oi:111onal bracinc 375 
Doon 11nd windows nparate :and without chowbu 375 

fillin1 376 
Fillin& to be ti&ht ]76 
Finish or oucer walls 376 
Frame work ,ills 375 
Horlzonul pieces l75 

Husurement 376 
Inner walls to be plasteted ]76 

Iron rucenln& ]75 
P;alnt with wood pre1ervnives 175 
Timber ]75 
Ri1te 376 

Stone Revetment or Pltchfn1 376-Jn 

Boulder plcchln& 376 
Boulder size of In 1round pitchlnc l77 
Boulder laying 377 
Groutln& In boulder pitchin& 377 
Layln& ]76 
Measurement 377 
Profile 376 

Rate ]77 
Sub-gradlnc ]76 
Thickneu 376 
Type of stone 376 

Glo.1ary of Terms Jll-?14 

.Introduction 371-lll 

Type of roofs 378-lBl 

ROOFING 

Description or Pitched Slo1,ln1 or Pent Roof l14-J91 

Attached tlla roof ]85 
Comparison :and use of re ,r.na miteri11 389 
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Corrupted asbeslOS cement sheet roof 317 
Galnnlzed corru1ated steel sheet roor 386 
Han1lore tilo roof ]BS 
Pitch 385 
Roof draln11e 391 !· 
Roof coyerlnJ JBS I 
Slate roof 3B8 
Thatched roof 385 4.. 

Truss or frame work 384 

SpeciOcatlon1 ltl - 411 

Fl"t clan TIie raof 391-ltJ 

Application of bitumen thlckneu 392 

Bed for Bituminous Coatlns 3'2 

Bllndln& of Bituminous coatin& 392 
B0ndln1 of tiles with parapet wall 392 
Cement plaster to parapet 392 
Composite rat• 393 
Curln1 of bed 392. 
E1rthflllln1 and mud plaster 392 
Flllln1 spaces between battens 393 
Khurru 392 
Layln1 of battens 391 
Layln& of first layer of tiles 392 
Layln1 of second layer of tlles 392 
Materials 391 
Operations 391 
Palntln1 with preservatives 393 
Polntln1 of tiles underneath 392 +-Scope 391 
Slope to roof 392 

Second clau TIie roofin1 394 

Jack Arch Roofln1 lt4-3'6 

Arch rbe and type of 394 
Arch Buildln1 395 
Bituminous coatln1 bed 395 
Bituminous collin& bllndln1 of 396 

Cencrin&, 1upponln1 of 395 
Composite Rate 39t. 
Curln1 of bed 395 
Earthfillln& and mud pl.uterln1 396 
Haunches and crown fillln1 or 395 
Key 395 
Labour nte 396 

Material 39<1 
Meuunments 396 

Operations 394 
Palntln1:or steel 394 
Pluterln& of soffiu 396 
Platerin1 bottom f11n1es of beams 396 
Precautions aplnst displacement 395 
Scope 394 
Slope 395 
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Sprin& course 39S 
Tie ban and wall plnu layin& or 39-4 

Jack arch rosfing (spring from top of beams) 39&-397 
Jack arch roolln1 (for carryln& floorin& of the room) 397 

CompDJltc rate 397 
------------l:tibour--rate-391-------------------------------------
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Flat Steel Sheet Roofin1 3'7-3'9 

Bending by machine 399 

Composite Rate 399 
Fluhln1s 399 
Gutten 399 

Hips 39'1 

Labour rates 399 

Laps 39'1 

Material 398 

Measuremenu 399 

Rld&e sheeting 398 

Rolls battens 398 
Roofing, boardln& 398 
Roll rld:e 398 

Scope 397 
Shceu layln1 398 

Sheets preparln& )98 
V;alleys )99 

Wood pres:rvaeive ]99 

Galvanized Corrupted Steel Sheet And A,b111tos Cement Sheet Roofln1 ~3 

Composite ra,e 402 
Fill Ing sheet 4'03 
Holes 401 
Labour ~te 403 
bp -402 
Laying or sheeu 402 
Materl;al -402 
Heasuremenu 403 
Overhangln& 402 
Palnun1 403 
Purlln spacings 401 
Rld1e ap 403 
Scope 402 

Half Sawn Sleeper Roofin1 ~ 

Cellln& 404 
Composition '104 
Materlab «M 
Meuuremenu 404 
Painting «M 
Race '404 
Scope 4'0'4 

SINper Roofln1 407_.. 
Composition 407 
Layln& 407 
Materials '407 
Meuurements 40B 
Rate 408 
Scope '407 
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Spans 408 

FLOOIIING 

Introduction 411-420 

Acid and alkali resisunce 41 J 
Brick floon 414 
Cement concrete floors 11 S 
Comfort 411 
Dampness 413 
Earth noon 413 
Fire resistance 412 
Flaprone floon 41 S 
Grease, oil reslnance 41 l 
Ground floors construction of 118 

Indentation 413 

lntlal con 413 
Joints In floor plankln1 419 

Joist barln1 of 419 
Malnuinance <413 
Marble floors 415 
Hud floors <414 
Nobe In floors reducin1 419 
Nolselessnas 411 
Pollshln1 410 
Sanlatlon 412 
Terrano floors 416 
Tile floors 414 

Upper floors connructlon of 418 
Wooden floon '417 
Wooden floortnc for cround floors 418 
Wooden block floors conuructlon of 419 

Speclftcatlons 4J8 434 

Earth Floorlns GO 

Composite nte 420 
Labour <410 
Laylnc and consolidation 120 

Material 410 
Meuurements 420 
Scope 420 

Hud Floorlns 4J0.411 

Composite rate 421 
Labour ~te 411 

Layln1 420 
Material '420 
Hosuremenu 121 
Scope 420 

•••• for Floorlns 421-412 

Comp0$lle Rate '422 
Concrete laylnc 421 
Labour rates 422 
Levels and Slopes 411 
Material 421 
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Measurement 411 

Prcp:antlon of Sub-bue 411 

Sand filllnr "l I 
Scope 421 • 
Surfacinc t~ bond w,th concrue "21 

• - . . ..,..:ate-ftoo,,ins-"21~1 

..... B:111: 422 

Beddinr mortar thlcknen of 412 
Composite lbte 423 

Edccs with bull nosed briclcs 423 
Jolnu 413 
L:abour Rues 423 
Layln1 or bricks .. t,les '422 

H1teri1l '422 
Meuurement 413 

Pattern "22 
Pointlnc 421 
l'rcpn1tlo11 ol Bue 422 

rroteuion 42] 

Scope 411 
Surface 423 

Wettin& of bricks;tiles 422 

Ftaued Roorlng "2l-42S 
Bue 423 
B;ue Surf~ce prcp:iration of 424 
Beddlnc Morur thickness of "lS 
ComposlteRates 424 

Oresstnc -+2S 
Joinu 424 

l1bour Rates .. 2-1 

~ layinc of flies 414 
Mnsun:ments 424 

Mortar '42] 

Pattern "24 
Pointln& 424 
Protection and curin& 414 
Scope "23 
Si!e of Rag 4H 
Soakin& 41" 
Stene 413 

M~rble Floorln1 <415.,.26 

Base 425 

Base prcp:iration of 42S 

6eddln& Mornr thickness 415 
Colour 415 

Composite Rues "16 

I 
Curing :and protection 42S 
Edrcs and joints thickness dresslnc of "lS 
Labour Rates 426 

laylnc 425 

I 
levels 425 
Hubie 415 

Measuremenu 4'16 

Mortars Jnd putty 42S 
Pattern 415 
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Pollshln1 41!'. 

S'°pe 425 
Size 425 

Glued Tile 01' Cement Tile Floorin1 426 
Scape .. 26 

Cement Concrete Tilei Mos,uc Tile f loorinl '417 
Con1lomer1te flool'in1 (Cement Concrete) '417-419 
Bue 427 

Composite Rate '428 
Concrete Ratio 417 
Con1olid1tion 428 

Cvnn1 418 
Flnlshln1 '428 
Labour Rate 418 
Material 417 
Ma,urment '428 

Mlwln1 and Placin1 418 
Operation 427 

Panels dividing into 417 
Panels preserving alrudy la,d 428 

Preparation or Bue 428 
Scope "27 

Conalomerate flaorlns (Two-Coat Work) 429 

Scope '429 

Terrazzo floor 429-431 

Base 430 
Composite Rate 43 l 

Dryln1 4]0 
Face Grindinl '430 
Final 1lou '43 I 
Finishin& 4] I 
Flnlshln1 or Bottom layer or Concrete 430 
Labour Rate 431 
Layin1 4)0 

Material .f29 

Measurement 431 

Panels, Mhc!nJ, Placin1 and Consolidation 430 
Panels dlvidln1 into 430 
Prep:arin1 Surface or Bottom Concrete '430 
Scope 429 
Thickness 430 
Dry Brick P1vin1 431,432 
Composite Rate -4ll 
Labour Rate 432 

Layln1 4]1 
Material '431 
Measurement 4]2 
Preparin1 Surf:ace -432 

Nooden Floon 432-UJ 
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8oardln1 materials and size 43J 
Floors bearers around noor 432 
Floors bearers suspended floor 431 
Jolnb 433 

xviii 

. -------

... 

I 
~ 

9 

• 

• 



Material and fi•in, Roor:bearen 431 
Meuurement .f33 

] Nalls and Screwt ~l 

I Planin& 433 
• l Planlilng method of bylnc 433 
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Rubber Floorlnc 43 .. 

Bue 4]4 

Compo1ition 414 
Curinc .. 3.f 
Layinc 04 
Material 4H 

t1euurement 4H 
llate 434 

Scope 431 

SURFACE RENDERINGS 

lnlroductlon 4'11-441 

Pla1terin1 442-444 

Bues <Ml 
Cement Planer 441 

Coau 442 
Oe(ccu in planerinc 444 

Definition and uses 442 

Cracks repalrln1 '4.f.t 

lime pl,mer ·'43 
Material <Ml 
Morurs for plutering 4.f'4 
Plaster finishes Architectural 443 
Plastering on Lathing <Ml 
Surface preparation 442 
Polntln& .f.44 
Morur 4.f'4 
Whltewuh .f.45-446 
Application 445 

Cement Wash 446 
Methods for slakinc lime <MS 
Preparation 44S 
Preparation of Surface 445 
Treatment of Surface -146 
Whitewashln& Cement Concrete 446 

Colour-wa1hln1 .f.46 

Dlstemperln1 447 

Application 447 
Coaa 4.f7 

Composition of distemper 447 
Preparation and treatment of Surface 447 
Use 4.f7 

General defecu In pluterln& and their n1medles 447•4"1 
General 447 

ln1pealon 441 
Remedies of defects 448 
Scaffoldln1 .f4B 

XIII 



~ 

Cement Lime or Pucca Plaster (Sln1le Coat) 44~ 

Defects '4SO 
Measurement '4SO 
Honar .... , 
Preparation o( Surface +49 

Plasterln1 449 
Precautions 449 

Protection durinc curm1 450 
Rate -450 

Cament Lime or Pucca Plaster 4S0 .. 51 
(Two ccatl) 

Application of preliminary coat '450 
Other rape1:u 4SI 
Un 450 
Pu«a Pinter Coloured and polished -451 

Flnlshln& coat 4S I 
Other respecu 451 
Pl:ucerer's putty 4SI 
Use ,f51 

Ph11ter on expanded m11t.lll or lathin11 <451_.Sl 

Coat lint 452 

Coat flnlshln& 4S2 
Other respects 451 
Mortar <452 
Preparation of Surface 45 I 

Cement Renderln1 4Sl-45l 

Application 45) 
Cruklns and cr:i.in& Protection a1ain1t 45] 
Curin1 .. 5) 
Defects removal of 451 
Mnsuremenu 45J 
Mortar for renderln& preparation of 452 
Rates 453 
Surface prepar2tio n 451 

Mud Pla1t11r 453 

Application cf plaster 45] 
Finish '45) 
Preparation 453 
Other respecu 453 

Polntlnt 45_4---456 

Bricks ed1e1 455 
CurlnJ 456 

Heasuniment 456 
Polntln& '454 
Polntln1 tools .. ss 
Rat• 456 
Sur&c. preparation 454 
Wuhln1 after pointing 456 
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Whlta-wuhln1 456-457 

Application 457 

Mcuuremcat 4S7 
Rate 4S7 

Surface prepuation 456 
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'+'Yhit-hinr,irepantfOJr't 

r- Colour-wuhln1 451 

J Appllcatlon 458 

I Colour-wuh prepara&ion or 458 
Other respects 458 
Preparation 458 

Df1temperln1 451..ffO 

Application 459 

Distemper preparation of 459 
General 4S8 

Heuurement 460 
Surf2ce prep2ration of 45) 

WOOD WORK 

lntroducdon 461 

Carpenter's work 461 
Definition 461 
Joiner's work 461 

Doon 467--t69 

Flush doors 468 

Framed and panelled doon 468 
Loatlon of doon 467 
Led&ed and braced doors 468 
Led1ed doon <t6B 
Suh doon 468 
Sizes ol doors 467 
Types of doors 468 
Wire zauze doors 468 
Wooden doors and windows 467 

Wlndows46t-470 

Casement Windows 470 
Fast sheet window '469 
French Window "70 
Hold fasts 470 
Location or Window '469 
Pantry Window 470 
Suh and frame Window "70 
Sky lizhc Window 470 
Type of Windows 469 

Woodui!Stalrs 471..ffl 

Landini 4n 
Strtn11 cut 471 
Strln11 housed 471 

String rou1h (or Carriaze) '47 L 
Strine Wreathed '471 

and 

"' 

) 
1 



Winders 411A75 
Wooden rvof 472-475 
Simple roa& 473 
Trussed roa& 474 

Types of wooden rools 473 

Glon.ry of ternn 461--467 

Spedflcadon• ffl....lG6 

WoodWork(G ...... )ffl.ffl 

Air spac. 476 
Bearin& 476 
Chimney nu, 476 

Composlu race 477 
Deoctar wood 476 
Finish 475 
Fhdns 476 
Jolnu 475 
hbourme477 
Measurement 476 
Preserndves 476 
Plank• 476 
Quality 475 
R•ponslblllcy of Conuactor after fixin1 476 
Screws and nails 475 
Wood to be ca,,er.d In ground or in wall 476 
Workmanship 476 

Doors and Windows (0--.1) 477-40 .. 

Chocks 479 
Chowkac.. framins and corners 478 
Chowkat to be ..ct, before surtin& supentructure 478 
Chowkat palndn& with preservative 471 
Composlc. ... ., 

F1u1n1 479 
Glulns 479 

Hlnses ,f79 
Hold fast 478 
Labour nc. 4IO 
Hauurement 4IO 
Method of fnmina leaves 479 
Position of chowkats In jambs 478 
Quallt, ,f77 

Rtbnes 471 
Screws ,f79 

Seasonlna 479 
Section and fltdnp 471 

Size of doors and windows 478 
Special door furniture 479 
Stops 480 
Worlcmamhlp 477 

Pa"elled and afazed doors and windows -....1 

Dalsns .flO 
Dlmemlon1 4IO 

Door fnme'4IO 
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Me,uurem~nt and rue '48 1 
Panel 481 

OuJlur oft• 
Sash bars 48 I 

Sh1tlter frame -181 

Framed and braced doors and windows '4111-411 

Baue,u 482 

Frame of leaf 48 I 

Led1ed and br.iced doors and windows '482 

Double lnvei, 482 
Fnme of lufe 482 

H,1nging 482 

Other respects 482 

Ledred Doors and Wlndow5 '482-483 

Erection '482 

frame of leaf 482 

Other respecu -18] 

Clerestory Windows 481 

Chowkau '4B3 
Clen 48] 

Leaves 483 

Oth1:r re~pccu -18] 

Wire gauud doors <tBl-484 

Chowkat 483 

Double doors to project 48.; 
Fixir,; 48) 

Mud,ing inner le:aves 48-t 

MiltCrill 48] 
Spring hinges -18-1 

Springs hinges '48-1 

Wire gJt.ae 48] 

Wire liluzed Windows 484 

Wire gauzed Clerestory windows 484 

Fixed Wire gauze ,f85 

Altcrnltive Method 48S 

Finishing ~te ,f8S 

Method of fo,ina: -185 
Wire g;iuie ,f8S 

Gluing 485-86 
Blind glass 486 

Cleaning llld finishing -186 
Composite R,ue 486 

Fiicing gl.tn With putty ,f86 

Fucing glass with wood fillets -18S 

Gius thickness and quality 485 
labour rue '486 

Measurement ,f86 

Painting or priming rebates 486 

Putty (Method of prepu,ng) -485 
Putty (coming offl 486 

X:otli 



Woodrn Floon '417-418 

B~rdin&, Mater ials and siie -187 

Floor bearers cround floors 487 
Floor bearers suspended floors 487 

Floor bearers material and fi:11:111: 487 

Joints 487 
Measurements 488 
Nails and Screws 488 
Planing 488 
Plankin& (Methods or bying) 487 
Preservatives 487 

Rate 418 

PAINTING ANO VARNISHING 

Introduction 507 51'4 

Coal tarrin& 512 

Definition S07 

fire-Proof paints for Wood worl.. 509 

Fn:nch Polish 510 
Guardln& rustlnc of steelwork SI I 

Lamp blackin& 514 

Notes for auldance 509 

Oiling wood work 510 
Pai11tln& new wooden surface 507 
Paiotln1 508 

Palntinc Ironwork (not under wuer) 510 
Paintln& Ironwork (under water) Sil 
Paintln& 1alnnlzed Iron SI I 
Paintmt walls and oth•.r Cernent Surface Sil 
Paint Inc damp w:alls S 13 

Paiatin1 cement Surface with Cement pair,u SI 3 
Pa ntlng brushes S 1-1 

Pa1ntln1 with brush 514 
Painting with spra)·inc m:ichines 514 

Paint removers 509 

Freparatlon of Surface for r epainting 5CB 

Preparation of Surface S07 
Repainting woodwork SOB 
V.arnlshln& S09 
Waxpolish SIO 
V\'hitenlng SI 0 

Specifications 515 52' 

Paintin1 and Varnishin1 1eneral 515-$16 

Cleaning :and preparation cf surface 515 
Composite rate 516 

L:ibour rate 516 
Mc:mrrcmcnts SIS 

Number or coats 51 S 
Paint SIS 

Painting SIS 

Prlmlnr knotting a<1d stopping SI 5 
Weather 515 
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Measurem~nt and rue '48 1 
Panel 481 

• 0.UIDC1J)L.timb&c:.-4~U
Sash bus '481 

,.> 

r· 

-. 

Sh11lter fr;ime -481 

Framed and braced doors and windows 411-411 

Bo1uens '482 

Frame of Inf '481 

ledred and braced doors and windows 481 

Double lnvu '4Bl 
Fnme of lt:.afe 482 

Hang1n1 '482 
Other respecu '481 

Ledred Doors and Windows 481-483 

Erett,on '482 
fr;ame of le;if 482 
Other respects -48) 

Clerestory Windows 48l 

Chowk;iu '48) 

Cleat 48) 

Leaves 483 
Oth1:r rc:pctts -18) 

Wire c,1uzed doors 48l .... 84 

Chowkat 483 

Double doors to project 48-4 
Flxir,; 48) 

Muching ,nncr lnves 48-4 

Matcml 483 
Spring hinges -48.f 

Springs hin1es 48.f 
W ire g11ac 48) 

Wire 1auzed Windows 484 

Wire 1auzed Clerestory windows 48.J 

f l•ed Wire giuze 485 
~ltcrnlt•ve Method '485 
finishing r;ne '485 
Method of r.xlng -48S 

Wire g:iuie 485 
Gl.11ing '485-86 
Blind glass '486 
C luning :ind fi111sh1ng 486 

Composite Ratit '486 
f ixln& glau with putty '486 
Fi1C ln11 elus with wood fillet, -48, 
Gius thickness and quality 485 

Labour rate -486 
Meuurement '486 
Paln11ng or priming reb;atcs 486 

Putty (Method of prepuil\gl -t8S 
Putty (co1uing off) '486 
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Woodc-n Floors 417-418 

Boarding, Materials and $itc 487 

Floor bearers :round floors 487 

Floor bearers suspended floors 487 

Floor bearers material and fix ' l'IE -187 

Jolnu 487 
Meu11rements 488 

Nails and Screws 489 

Planln& 488 
Plankin& (Method~ of l:iy1111) 487 
Preservatives 487 

Rate 4811 

PAINTING AND VARNISHING 

Introduction 507 514 

Co.al tarring 512 
Definition 507 
Fire-Proof pal nu for Wood wo rl.. 509 

French Pollsh 510 

Guarding rusting of steelwork S 11 
Lamp blackin& 514 

Notes for 1uldance 509 
Oiling wood work 510 

Paintin& new wooden surface S07 

Paiotln1 S08 
Painting lronwOJ"k (not under wucr) 510 

Paentlng ironwork (under w;ncr) Sil 
Paintin& 1al¥1nlred Iron 511 

Paint1n1 walls and oth•.r Ccmellt Surface 512 
Painting damp walls S 13 
Pai:itin& cement Surface with Cement pa:r.u 513 
Pa ntlng brushes 514 

Paintln& with brush 514 
Paintin& with 1pray,n1 m~ch1nes 514 
P1i11t removers 509 

Frepanitlon or Surface for repamtinc 508 
Preparation of Surface 507 

Rcpalntln& woodwork 508 
Varnishing 509 

Wa>tpcllsh SIO 
't'\'hitenlnc 510 

Specifications 515 - 526 

Pilintln1 and Varnishing 1encral 515·516 

Cluning and preparation of surface 515 
Ccmposite rate 516 

Labour r:ate 516 
Meuurcmcnts SIS 

Number of coats S 15 
Paint SIS 
Painting S 15 

PrimlnJ knotting and stopping SIS 
Weather SIS 
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Palftdns new wood work 516-517 

Measurement 517 
Preparation of Surface 516 
Second and subsequent coau 517 

____________ _:"::epal~!!n!!tJ~n~1~ wCNN1...... work Sll-51==-=------------------------
0ther respecn 519 

>· 

+-
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Palntln& 519 
Prepar;ition of Surface 518 

Varni1hln1 519-S20 

Composite rate 520 
labour rate 510 
Measurement 510 
Preparation of Surface S 19 

Wu pollshlns Sll-S21 

Final coat 511 
First coat 521 
Other rapec:u S2 I 
Prepanitlon of Surface S20 
Preparation for Wax Pollshln& 520 
Second Coat 521 
Scope 520 

French polithin1 S21 

Other rnpecu 521 
Polbhin1 521 
Preparation of Surface Sl I 

Oillns wood worlc m 
Linseed Oil preparation 521 
Measurement and rates 522 
Oilln& 522 
Scope 522 
Sweet 011 preparation 522 

Palntln1 wood work with Solln1num or creosote or Coallar sn.5ll 

Heatln& and preparln& paint 522 
Other repecu 52] 
Quality 522 

Palntln1 Ironwork above water 513 

Appliatlon or palnu 523 
Number or coats 523 
Other respects 523 
Painu 52] 
Preparation or surface 513 
Weather 523 

Palntlnr Iron work which remains under water S24 

Number of c:oau 524 
Other respecu 51'4 
Palntln& Material S2'4 
Preparation of Surface and application of palnu 514 
Protection 52'4 
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Coal tarrln1 Iron work 524 

Applicnion S2'4 
Heatin1 and prepuin& tu 524 
Other respects 524 
Preparation or Surface 524 

Palntln1 plaster 525-526 

Fourth or tinlshin& co.it S2S 
Fourth or final cou 526 
General 525 
Measurement 526 
Preparation of surlice 525 
Priming colt 525 
Priminf and second co~ts 525 
Rate 526 
Second and Third coat 525 
Third coat 526 
Treatment or newly cement plastered surfac 525 

LINING OF CAN._S 
Introduction S17-537 

Advanta1es 52i 
Asphaltlc: llnin1s 532 

Asph:altlc concrete {Hot m11,) linin& Sll 
Asphalt macad~m as liniri& or cover 534 
Asphalt membrane prefabria!td linin& 5.14 
Bentanlte linln1 515 

Brick llnlni 529 
Buried asphalt membrane linln& 513 
Clay puddle lining 528 

Contrution and expansion 1oints 530 

Definition 527 
Free board berm :ind top ..,,dth or bflk SJ6 

Prec:ast concrete linin& SJ I 
Preparation for concrere J.ninz sub·g'14e 530 

Soll-cement linin& 535 
Steel reinforcement 529 
Stone llnln& 536 
Shotcretc lining 511 
Silt lining 536 
Types of lining 528 

Specifications 

Eutilcn lmin& Sl7-S38 
Comp:actiol'I of luu ng SH 

Material S37 

Measurement 537 

Placln1 of earthen l,r11n6 537 
Preparation of 11,t,.1rade. 517 

Rate 538 
Slncle brick or t lle lining S)a.>41 
Composition n8 
Materials and worl,;mansh,p 5 J8 
Meuurement 541 
Placln1 of llnin1 539 
Preparation of 1ub-1Dde 539 
Profile wall 53' 
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Rate S41 

Si:c or bndu tifos 533 

Double brick or t ile l.n111;; 51! -~·U 
Composition 541 
Curing 5'13 

J)C, cf ur:d -'N,dicd plaster SO 
MatC!ri3J and workmanship 542 

Measurement and rate S4J 

Pfacir.g of lin,r:; 5-42 

Preparation of sub-gr:idc 542 
Prcf::c 512 

Sir'! of bricks tiles 512 

Second :ind fr ~l l~ycr nf b, 1cks tiles 512 

PILES A~D PILE DRIVING 

Glossary ol terms 54'4 

Introduction 54'4'-556 

Bc:irin:: riles 545 

Cast h situ piles 5"48 

Choice of piles 555 

C1:shio1 s for· prlc he:ids 55u 

Ccterminuion nf ultimate bearing c1/l.1t:y 55-1 
Ori.,ing piles 549 

Drivin& piles without cng,nc 55v 
Extracting piles 551 

Friction piles 51S 

Formu1:ie SH 

Load arryi;ie c.tplcity of piles 551 

Lengthening R. C. piles 548 

Making found.itions over plies (cJpp1 !1g) 55 
Precut concrete piles 546 
Pile H:!mmers 519 

Pile groups SS) 

Point of the piles 547 

Protection a,:alnn corrosion 518 

Reduction factors 55) 

Raking piles 549 

Safe loads 552 

Screw piles 548 

Short board piles :ind bC!an, foundu,on SSS 
Sinking pilc5 with the help c,( water Jct 5SO 
Spacini: of piles 555 
Test piles 551 

Testing piles for lo3ds S ,J 
Timber piles 545 

Specifications 556-563 

Concrete loJd be~ring p,lcs S56-SS9 
Cut off 557 

Dimensior.s or piles 5So 

D1ma1ed and misplaced piles 557 
Driving S57 
General 556 

Manufacture 5S6 
Measurement S58 

Placln1 S56 
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fine ssa 
Spllcln& SS8 

Stoni1e and handlin& S58 
Concrete sheet piles S59 
lnteriettlon of existing pile line, by new pil,nf 559 

Other respects 559 
Placln& S59 
Watertl&ht joints 559 
MIid steel sheet piles S59-560 
Measuremenu 560 
Dimensions of sheet piles 560 
Drlvln& S60 
Rate S60 
Tolerance SS9 
Treatment prior to drivin& S60 
Type 559 

RIVER TRAINING AND DIVERSION WORKS 

Introduction S6J-S62 

Specifications S61-5'3 

Dimensions 562 
Layln1 562 
Measurements 562 
Quality 562 
Rates 562 
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