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Indian Standard

CODE OF PRACTICE FOR GENERAL
CONSTRUCTION OF PLAIN AND
REINFORCED CONCRETE FOR DAMS
AND OTHER MASSIVE STRUCTURES

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institu-
tion on 22 March 1957, on approval by the Building Division Council of
the draft finalized on 14 September 1956, by the Cement and Concrete
Sectional Commitice.
0.2 Cement concrete, both plain and reinforced, is being extensively used
in the various multi-purpose projects of the Central Government and irri-
gation and power development schemes sponsored hy the States. American
and British practices are being generally followed in the execution of these
works. Indian conditions differ in many ways from those found in UK
or USA. The Cement and Concrete Sectional Committee felt it desirable
that a code of practice which would take into consideration the variations
obtained under Indian conditions would be a useful guide to engineers
and their technical assistants incharge of such works. This code has been
prepared with this object in view.
0.3 In the preparation of this standard, valuable assistance has been
derived from the published materials of the Bureau of Reclamation, Ten-
nessee Valiey Authority and the American Society for Testing - and
Materials. This assistance is appreciatively acknowledged.
0.4 This standard forms one of a series of Indian Standards on concrete
and reinforced concrete. Other standards in the series are:
*[S: 269-1951 SpPECIFICATION FOR ORDINARY, RAPID-HARDENING AND
Low HeaT PorTLAND CEMENT
T1IS: 383-1952 SpecIFicATION FOR CoOARSE AND FINE AGGREGATES
FROM NATURAL SOURCES FOR CONCRETE .
+1S: 432-1953 SpecrFicATION FOR MILD STEEL AND Hicu TENSILE
STEEL BARS AND HARD-DRAWN STEEL WIRE FOR CONCRETE RE-
INFORCEMENT
*15:455-1953 SPECIFICATION FOR PORTLAND BLAST FurNACE SLAG
CEMENT ( Tentative)
§IS: 456-1957 Copke oF PRACTICE ¥OR PLAIN AND REINFORCED CoON-
CRETE FOR GENERAL BUILDING CONSTRUCTION { Rcvised )

* Third revision in 1976,
tSecond revision in 1970.
}Second revision in 1966.
§Second revision in 1964 .
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*1S: 515-1959 SPECIFICATION FOR NATURAL AND MANUFACTURED
AGGREGATES FOR USE IN MAsSs CONCRETE

1S: 516-1959 METHODS OF TEST FOR STRENGTH OF CONCRETE

6.5 This Indian Standard Code requires reference to Indian Standard
Specifications and Codes quoted under 0.4 and also to the following:

11S: 226-1955 SPECIFICATION FOR STRUCTURAL STEEL ( Revised)
11S: 460-1953 SPECIFICATION FOR TEST SIEVES

0.5.1 Wherever a reference to any-Indian Standard mentioned under
0.5, except *IS:460-1953, appears in this code of practice, - it shall be
taken as a reference to the latest version of the standard.

0.6 In pursuance of the decision of the Government of India to introduce
unitorm system of weights and measures throughout the country based
on the metric system, as a first step, wherever possible, metric equivalents
have been given. As the industry gets accustomed to the use of the
metric units, it is intended to drop the foot-pound units altogether from
the standard.

0.7 For the purpose of deciding whether a particular requircment of this
standard is complied with, the final value, observed or calculated, expres-
sing the result of a test or analysis, shall be roundec off in accordance with
+1S:2-194% Rules for Rounding Off Numerical Values; the number of
places retained in the rounded off value should be the same as those of
the specified value in the standard.

0.8 This code is intended chiefly to lay down requiremnents regarding
quality of material and the manner of their use, and_ it does not include
all the necessary provisions of a contract.

1. SCOPE

1.1 This code covers general construction practices lor plain and rein-
forced concrete used in dams and other massive structures and aims pri-
marily at rigid control of concrete work with a view to ensuring durability,
strength, impermeability and uniformity.

1.1.1 Provisions specified in this code are intended to secure for every
part-of tie work homogeneous concrete, which when hardened shall have
the desired properties.

1.2 This code requires to be supplemented by special instructions, if any,
for each’job.

*Since withdrawn.
t Fifth revision in1975.
{Since revised.
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2. TERMINOLOGY
2.0 For the purpose of this code, the following definitigns shall apply.

2.1 Cement Factor — The weight of cement in kg per cubic metre ( or Ib
per 100 cu ft) of concrete after compaction.

2.2 Concrete — A mixture of Portland cement, water, fine and coarsc
aggregates (and any admixture approved by the engincer-in-charge)
mixed and placed in accordance with the code.

2.3 Consistency — The relative plasticity of freshly mined concrete or
mortar, and mcasure of its workability.

2.4 Cyclopean Aggregates — Stones of sizes 7-5 to 15 cm {3 to 6 in ).

2.5 Engineer-in-Charge — The Chief Engineer-in-Charge of the werks
or his authorized representative.

2.6 Grout -— A mixture of neat cement and water or cement, sang and
water in fluid state.

2.7 Laitance -— An cxtremely fine material of little or no hardness which
may collect on the surface of freshly deposited concrete or mortar.

2.8 Mortar — A mixture of Portland cement, finc aggregate and water,
and any admixture approved by the engincer-in-charge.

2.9 Plums —- Large stones over 15 to 23 cm (or 6 to 9 in).

2.10 Slump — A measure of consistency in which subsidence of a core
of freshly mixed concrete is determined in accordance with the method
given in Appendix G of *18:456-1957.

2.11 Water-Cement Ratio — The ratio of the weight of water including
surface moisture of aggregates, to the weight of cement used in the con-
crete mix. This ratio may also be expressed as the number of litres of
water per 50 kg { or gallons of water per 112 1b) sack of cement.

3. MATERIALS

3.1 Cement — Portland cement and Portland blastfurnace slag cement
used for plain and reinforced concrete work in dams and other massive
structures shall comply with the requirements of T15:269-1951 and 1S 455-
1953, respectively. Special cements may also be specified for use in mass
concrete.
3.2 Admixture — Admixture, including pozzolanas, air entraining agents,
wetting agents, ctc, shall be used only under specitic authorization and
wherever so permitted, the proportions”and méthods of use shall he speci-
fied by the engineer-in-charge.

*Sccond revision in 1964,

+ Third revision in 1976 .7
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3.2.1 Materials permitted as admixtures shall have cstablished merit

for improving any specific quality of the concrete without causing de-
leterious effects.
3.3 Water—Water for mixing concrete, grout, or mortar, and also for
washing the aggregates and curing concrete, shall be clean and free from
injurious quantities of acid, alkali, silt, oil, organic matter,.or other im-
purities.

3.4 Aggregates

3.4.1 Aggregates for concrete shall conform to *1S: 383-1952 or 11S: 515.

3.4.2 The maximum size of coarse aggregate, as determined by the
biggest square hole through which not less than 95 percent of the aggre-
gate shall pass shall be as large as can be 'used practicably and econo-
mically under given conditions, but shall be not larger than any one of
the following:

a) one-fourth the narrowest dimension between the faces of forms,

b) one-third the depth of any slab,

¢) three-fourths of the clcar space between reinforcement bars, and

d) three-fourths of the narrowest space through which the concrete
shall have to be passed.

3.5 Reinforcement — Reinforcement shall be any of the following:

a) Mild steel and high tensile stecl bars and hard-drawn steel wire
conforming to} IS: 432-1953,

b) Structural steel sections conforming to § IS: 226-1955,

¢) Cold twisted steel bars complying with the requirements of Ap-
pendix A of 91S: 456-1957, and . :

d) Such other reinforcement as may be proved suitable, having regard
to the yield point stress, ductility, ultimate resistatce to tension
and other essential properties of the completed reinforcement as
produced in readiness for use in reinforced concrete.

3.5.1 Mill scale and rust scale, if any, shall be removed from the re-
inforcement before use.

3.6 Storage of Materials

3.6.1 Cement shall be stored in a damp proof place. Handling and
storage facilities shall be such that no cement is stored before use for more
than 120 days counted from the date of despatch by the manufacturer.

*Second revision in 1970.
$Since withdrawn.

$Second revision in 1966,
§ Fifth revision in1975.
4 Second revision in 1964,
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Cement stored beyond 120 days but not exceeding 180 days shail be tested
and rejected if found defective in any way. Cement stored beyond 180
days shall not be used for major construction. Cement shall be chgckcd—
on the job for contamination or partial setting due to exposure to moisture
during transit.

3.6.2 Aggregates shall be stored and handled in such a manner as to
prevent the intermingling of various sizes of aggregates re_qmrgd,separa:tely
for grading purposes. No foreign matter shall be allowed to be mixed up
with the aggregates. Stockpiles shall be built in layers of uniform thick-
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4.1 General — The concrete used in dams and other structures may vary
in character from mass concrete having a maximum size of aggregate from
10 cm ( preferably 15 ¢m) to 23 cm [or 4 in ( preferably 6 in) to 9 in ]
and a cement content ranging from about 150 to 235 kg per cu m { or 25§
to 400 1b per cu yd) to heavily reinforced concrete having a maximum
size of aggregate of 2 em (or 3 in) and a cement content of approximately
355 kg per cu m (or 600 Ib per cu yd). To effect the greatest economy,
“the concrete should preferably contain the maximum size aggregate suitable
for the place of use and giving the specified strengths.

4.2 Quality

4.2.1 The proportions of the ingredients in concrete shall be deter-
mined through preliminary laboratory tests on concrete made from re-
presentative samples of ingredients proposed to be used in the work. The
tests shall be carried out in accordance with the procedure described in
Appendix Bot *I5:456-1957. After the water content has been deter-
mined to suit the required consistency, the cement content shall be deter-

mined in the fn"nu'u:nq manner:

3G ~L230% & Tainet

A curve representing the relation between water-cement ratio and
the average compressive strength of concrete at 28 days or ecarlier,
at which t]}e concrete is to receive its full working load, shall be es-
tablished for a range of values at least 15 percent below and 15 per-
cent above i} times the required strength. ‘The curve shall be fixed
by at least four points, cach point representing the average values of
at least three test specimens. The water-cement ratio to be adopted

- on the work shall correspond to that strength on the curve which
is 1} times the strength actually required.

*Second revision in1964.
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The preliminary tests shall be compl=ted well before the beginning of
concreting operations and a complete report on the concrete forming
qualities and saitability of available aggregates as also recommendations
far thaie 1ica at tha warle chal. ha mada and annraved hov the anoinear.in.

10T UnCif us€ av UiC WOIK Sinau o€ Maa€ ana appiUvea Uy il caguncirsine-

charge before actual concreting is started.

4.2.2 No substitutions in the materials used on the work or alterations
in the established proportions shall be made unless additional tests have
been conducted to show that the nnal ity and strengths of the rmulhnp

concrete are satisfactory.

A22 Th s .“ h
4.2.3 The engincer-in-charge may carry out check tests and order

changes in the mix as may be necessary from time to time to maintain
the specified quality of the work. No radical changes, substitutions and
additions in the mix, shall be made without such check tests and subsequent

approval.

4.3 Mix Proportions — The proportions of cement, water, aggregates
and other ingredients, if any, necessary to produce concrete of the desired
quality shall be determined as described under 4.2.1. The specified water-
cement ratio shall be strictly adhered to for each class of concrete. Minor
adjustments of the proportions of all ingredients may be made by the
engineér-in-charge in accordance with field tests, specified under 7. Both

the rate and the seguence of nouring shall be strictly regulated as laid down

the rate and the sequence of pouring shall be strictly regulated
by the engineer-in-charge.

PUTUUTL S S SRS S o SNy S P hn amea ~ Py
'!oﬂol. ucwrmnmuun (Ij Ju’j“(;& 1‘"1’0101«"76—111 tllc LCadT Uf ﬁllC aggic-

- gates, the surface moisture shall be determined in accordance with the
method prescribed in Appendix Dof *IS: 456-1957. In the case of coarse
aggregat&s percentage of free water shall be determined by weighing a
representative sample, then surface-drying each particle individually with
a clean towel and reweighing the surface-dry sampie to determine the
amount of water removed. In calculating the water-cement ratio, the

total weight of water in the mixture including all free water in the aggre-

gate but not including any absorbed moisture, shall be taken into con-
sideration.

44 Workabﬂity As far as possible the concrete shall be of uniform
consistency and quality throughout any pour and for similar parts of the
same structure. However, the consistency and composition shall be such
that the concrete can be worked into all corners ard angles of the forms
and that the concrete surrounds completely the reinforcement and em-
bedded metal without causing any segregation of the ingredients or collec-
tion of iree water. To this end, the mix may be adjusted siightly as-pro-
vided under 4.2, if necessary, to provide more workability under specific

conditions, onlv lf no chanoe in the method of either nl_a_r_:!np or cgmnactgna

Q21QL0Ns, Oy 12 110 LA1aNge 122 140 IR0 O et

will accomplish the desired result.
a684

F-20 2

»Socond revision |
Second revision Ir
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4.5 Slump - The control of concrete under this code is based on main-
taining a fairly uniform shump at the poiut of pircement and on holding
the water-cement ratio as closely as practicable to the standard ratio
determined as specificd under 42,10 Under no conditions shall the slump
be greater than that required to provide proper plavement and compactior.
of the fresh concrete within the forms.

The slump shall be measured in accordance with the method prescribed
in Appendix G of *[s: 4561937, In the case of very small or zero slump,
the consistency shall be measured by the use of Vee-Bee consistometer
described in Appendix A. The allowable slump or consistency shall be
determined by the vngineer-in-charge, and no change in consistency shall
be made without his approval.

4.6 Measurement of Materials

4,6.1 The method of measuring materials for concrete shall be such
that the proportions are coentrolled and readily checked at any time during
the progress of the work. Materials shall be measured as follows:

Each size of aggregate shall be weighed separately, the cement
and admixtures, if any, shall be weighed in individual or multiple
batches as approved by the engineer-in-charge.

4.6.2 Weigh Batchers — All weizhing devices shall be subject to ap-
preval and weigh batchers shall meet the following requirements:

a) The accuracy shall be of the order set for the purpose and shall be
such that the indicated weight of any hopper full of material does
not vary more than one percent from the required weight.

b) The weighing equipment shall be designed to permit ready and
proper adjustment of the proportions of the mix. '

¢) The equipment shall be capable of so controlling the rate of de-
livery of each kind and size of materials that the combined in-
accuracy in feeding and measuring during normal operations doss
not exceed 3 perceat for all aggregates, and 1 percent for water.

d) The operating mechanism -for measuring the amount of water’
shall be such that no leakage occurs with the valves closed. The
filling and discharge valves shall not be opened before the filling
valve is closed.

e) Test scale weights shall be provided and periodic checks made of
the accuracy of all weighing equipment.

4.6.2.1 In cases where weigh batchers are not available the speci-
fication expressing the mix in proportions of weight should he transformed
into one measuring material by volume. This should be done in the field

®Second revision in 1964

11
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Iabor_atories attached to each construction site. The co-efficients trans-
forming weight into volume should be determined anew each time the

aparacate ic ohtainad from a difforant canrca
|§b5‘ vbusv o) VK RALIALAA SIVILE O URIIUVIVIIL OUWALL,

4.6.3 Cement Content — Cement 1n standard packages or sacks need
emzrelind Lo.a _L._.11 [P g, & Anl

not mumari:_y be ‘v'vusucu, but shali be puwuu.d.uy checked in the field.
Bulk cement and fractional packages shall be weighed.

4.6.4 Water Content

A LAY Tha watar ~mamant radin actahbliabhad £a cach class of
1-0-10: A€ Wallr-Cemitliv rauvis €staoiisnea ior Cit CiaSS 01 Con-

crete shall be held within the limits specified under 4. 2 The consistency
of the concrete shall be varied only by increasing or by decreasing the
amount of cement paste in each batch.

46472 Water for mixing mayv be measured either by volume or
swre B viw ll\lllb ll!.J ares A WEAT R l-l_, WiAldiiALv VA

by weight, and the measuring device shall be accurate to within one per-
cent. A reliable method of compensating for free water shall be used or
maintaining a constant water-cement ratio.

4.6.4.3 Whenever concrete is being conveyed over a long distance

during hot or dry weather, an allowance 1 may be made for probable eva-
poration during the period concrete is being transported.

4.7.1 Machine Mixing at Stte — The mixing of concrete shall be done
in a batch mixer of such approved type as will ensure the homogeneous
distribution of all ingredients. The plant shall be so designed and operated

thnat a1 als anterine the mixer including water, can be nrrnrnfplv
t.lul (“l llllltcllal) LIILLIIIIG LEEL ABEAN ARANALUIE

proportioned and readily controlled. The entire batch within the mlxer
shall be discharged before recharging. The volume of mixed material
per batch shall not exceed the manufacturer’s rated capacity.

47110 Mothad of rlntrmng — The proper sequence of nneraty_mg for

Redeaem iAaleUwm Uy CREIRT

the admission of aggregates into any type of mixer shall be ascertained
by trial runs conducted in order to determine the method giving the best
results. The following sequence of charging the mixer may be adopted:

a) Five to ten percent of the total quantity of water required for
mixing, adequate to wet the drum thoroughly, shall be introduced
before the other ingredients in order to prevent any caking of

~n tha Wladae ar cidac of thae mivare
Lmllbllt On ¢ O1aGEs O SI1GES O 1AaC MiRCIS.

b) All dry ingredients ( cement and both fine and coarse aggregates)

shall ka n.mulbnnnnnc'ln ribboned into the miver in cuch a manner
S5ian U Simuntancoussy nooonoa e m: 2 manner

that the period of flow for each mgrednent is about the same.
12
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d)

a)

For one batch 37-2 kg per cu m
Average of 3 batches 25-9 kg per cu m

IS : 457 - 1957

Eighty to nincty percent of the total quantity of water required for
mixing shall be added uniformly along with the dry ingredients.
The remaining quantity of water shall be added after all the other
ingredients are in the mixer.

Cobbles or a portion of the coarssst aggregate, however, may be
added last; this facilitates the clearance of the chutes and removes
any fine aggregate or cement adhering to the sides.

4.7.1.2 Time of mixing

Unless otherwise permitted, machine mixing of cach batch shall
continue for not less than the period indicated in Table I.  Durnig
this period the drum shall be rotated at a speed recommended
by the manufacturer. The mixing period shall be timed aiter ali
materials, including water, are in the drum. The efficiency of the
performance of the mixer shall be periodically checked. For any
one mix, the variation in the air-free unit weights of three samples
taken from the front, centre and back of a batch of concrete in
the mixer, shall not exceed the following:

or
or

Ib per cu {t)

2.
1-6 1b per cu ft)
1
0.

{ 3
( 61

Average of 28 batches 19-4 kg per cu m (or 1-2 1b per cu’ft)
{ 91

Average of 90 batches 146 kg per cu m

or b per cu ft)

TABLE I TIME OF MIXING

Caracity oF MIXER MinmmuMm TiME orF MixiNg
P, R [ORT—
Natural Manufactured
Aggregates Aggregates
3 cum(or 3 cuyd) or larger 2  minutes 21 minutes
2cam (or 2 cu yd) 1} minutes 2  minutes
1 cum (or 1 cu yd) or smaller 11 minutes 1} minutes

b) Each mixer shall have a mechanically operated timing device for

signalling the completion of the required mixing “period. The
actual time of mixing shall be checked at least twice during cach
shift and the timing device shall be adjusted if in error.

The timing device shall be so interlocked with the discharge gate
of the batch hopper that timing does not start until the discharge
gate is fully closed.and all ingredients are in the drum. A suitable
record shall be kept of the average time consumed in charging,
mixing and discharging a batch during each run.

13
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d) Excessive mixing, necessitating the addition of water to provide
workability shall be avoided.

4.7.1.3 Discharging — The full contents of the drum shall be dis-
charged quickly so as to avoid segregation

4.7.1.4 When the mixer is stopped, before placing again any in-
Fredients in the mixer all hardened concrete or mortar shall be removed
rom the inner surface of the mixer.

4.7.2 Central Plant Mixing — Concrete mixing at the central plant
shall be done in accordance with the requirements for machine mixing
at site ( see 4.7.1) before being loaded into the transporting vehicle.

4.7.3 Truck Mixing — Truck mixers, uniess otherwise approved, shall
be of the revolving drum type, so constructed that all materials in the
concrete are kept uniformly distributed throughout the mass. The mixer
shall be water-tight when closed. At the proportioning plaat, all solid
materials shall be accurately weighed and charged into the drum; the
prescribed quantity of water may either be charged into the drum or
measured and placed in the tank meant for carrying the mixing water.
Truék mixers shall be provided with some device whereby the time of
hauling, mixing, and introductien of watcr could be readily checked.

'4.7.4 Hand Mixing — Hand mixing should be avoided in mass con-
crete construction. Hand mixing, if authorized for minor portions of the
work, shall be done on a water-tight platform. The entire mass shall be
turned over using shovels as many times as may be necessary to produce
homogeneous concrete of uniform consistency.

4.7.5 Retempering — The reterupering of partially hardened concrete
or mortar requiring renewed mixing, with or without the addition of cement,
aggregate or water, shall not be permitted.

4.8 Handling and Conveying

4.8.1 The handling and conveying of concrete from the mixer to the
place of final deposit shall be done as rapidly as practicable and without
any objectionable separation or loss of ingredients. Whenever the length
of haul from the mixing plant to the place of deposit is such that the con-
" crete unduly compacts or segregates, suitable agitators shall be installed
in the conveying system. Where concrete is being conveyed on chutes
or on belts, the free fall or drop shall be limited to 5 ft ( or 150 cm ) unless
otherwise permitted. The concrete shall be placed in position within
30 minutes of its removal from the mixer

14
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4.8.2 Handling Equipment

4.8.2.1 Buckets — Buckets, if used, shall be of the bottom-dump
type, permitting an even, controlled flow into the forms or hopper without
undue splashing or segregation. Cars, trucks and skips shall be designed
to facilitate uniform delivery rather than quick dumping.

4.8.2.2 Chutes — Where concrete is conveyed in chutes, the trough
of the chutes shall be of such size and shape as to ensure a steady, uniform
flow of material. The sections shall be made of, or lined with metal and
all runs shall have approximately the same slope, not flatter than 1 vertical
to 24 horizontal. The layout shall be such that the concrete will slide
evenly in a compact mass without any separation or loss of ingredients.
The required consistency of the concrete-shall not be changed in order to
facilitate chuting. Where it becomes necessary to change the consistency,
the concrete mix shall be coinpletely re-designed. Wherever there is a
free fall within the conveying system, suitable baffle plates, splash boards
or down spouts shall be provided to prevent segregation, splashing, or loss
of ingredients. Wherever it is necessary to hold the discharge end of a
chute more than 300 cm (or 10 ft) above the level of the fresh concrete,
a flexible down spout shall be used to break the fall and confine the flow.
The lower end of the spout shall be held close to the place of deposit.
Wherever depositing is intermittent, a discharge hopper shall be provided.
All chutes shall be thoroughly cleaned before and after each run. All
wash water and debris shall-be wasted outside the forms.

4.8.2.3 Pumping — Where concrete is permitted Lo be conveyed
into place by the application of pressure, the pump and piping shall be
suitably designed and shall be of adequate capacity for the work. Pumping
shall be permitted only for conveying concrete containing aggregates less
than 7-5 ecm (or 3 in) maximum size. The operation of the pumping
system shall be such that a continuous stream of concrete, without air
pockets or interruptions, is delivered. At the end of the run, all concrete
remaining in the pipe line shall be rejected in such a manner as to avoid
any segregation or lack of uniformity. The pump and line shall be
thoroughly cleaned and all wash water and debris wasted.

4.8.2.4 Belt conveyors — Where transportation by means of belt
conveyors is permitted, a steady, uniform flow of concrete shall be main-
tained without any segregation or piling up on steep inclines or at transfer
points. The conveyor shall be covered to prevent damage by rain, loss of
heat during cold weather, evaporation or heating by the direct rays of
the sun, or other deterioration of the concrete.

Concrete shall not be discharged directly into the forms, unless the
discharge end of the conveyor or pipe can be readily moved about within the
forms so as to place the concrete in even layers as specified under 4.10.2,
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and 4.10.10. Otherwise, suitable hoppers shall be provided, from which
the concrete shall be dumped in place by means of buckets and short
chutes or spouts.

4.8.3 Cleaning Equipment — At the end of each run and before again
placing any concrete, all hardened concrete or mortar shall be removed
from the inner surface of the conveying equipment. All conveying equip-
ment shall be maintained in good order and kept reasonably free from
deposits of stiff concrete and leakage of mortar.

4.9 Preparation for Placing Concrete

4.9.1 Before depositing any concrete for the next lift or pour, the
forms shall not be retightened. The surface of contact shall be allowed
to dry out between placing successive lifts of concrete. The top of the
previously deposited concrete shall be thoroughly cleaned and prepared
as specified under 4.10.5.

4.9.1.1 Where new concrete is to be bonded to hard concrete, unless
otherwise ordered and in addition to the requirements specified under
4.10.5, the vertical and inclined surfaces which cannot be covered with
mortar shall be given a heavy coat of neat cement grout, vigorously brushed
into all interstices and hollows so as to provide the best possible conditions
for bond and impermeability.

4.9.2 Rock Foundations — All rock surfaces against which concrete is
to be placed shall be cican and free from mud, dirt, oil, organic deposits,
or other foreign material which may prevent a tight bond between the
rock and concrete. Seams shall be cleaned to a suitable depth and to firm
rock along the side. Where excavation metheds or the natural rock strata
do not leave a sufficiently rough surface of contact, the bed shall be
roughened by cutting steps, grooves, trenches, or keyways inte the solid

_rock. Scaly coatings, hardened grout or concrete, construction debris,
and other objectionable materials shall be removed. Secpage shall be
properly controlled and diverted. The foundation bed and sides shall be
carefully cleaned with stiff brooms, picks, jets of water and air applied
at high velocity or other equally effective means, followed by thorough
washing. After washing and before placing any concrete, water shall be
removed from depressions and the rock surface shall be left uniformly
damp.

4.9.3 All flat surfaces shall then be coated with mortar about 1-5 cm
{or 4 in } thick in the case of concrete surfaces and 2 cm (or § in ) thick on
rock surfaces. The water-cement ratio for the mortar layer shall not
exceed that for the regular concrete mixture, and the mortar shall be of
such consistency that it can be spread evenly without flowing. It shall be
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thoroughly broomed and worked into all irregularities, cracks and crevices.
The manner of spreading and working shall be such as not to cause any
segregation, and concrete shall be placed immediately upon the fresh mortar
before its initial set.

4.9.4 On very rough or broken surfaces, the first few batches of con-
crete may, if so required, contain only about one-half the regular propor-
tion of coarse aggregate.

4.9.5 No concrete shall be deposited until the foundation has been
inspected and approved. Where the rock is dry enough to absorb water
from the mortar layer, it shall be soaked for at least 24 hours prior to
placing the concrete. Detailed instructions shall be issued for preparing
scaly or cracked foundations requiring special treatment or grouting.

4.9.6 Earth or Shale Foundations

, 4.9.6.1 In the case of earth or shale foundations, all soft or loose
mud and surface debris shall be scraped and removed. The surface shall
be moistened to a depth of about 15 cm (or 6 in ) to prevent the subgrade
from absorbing water from the fresh concrete. Just before placing the
concrete, the surface of the earth shall be tamped or otherwise consolidated
sufficiently to prevent contamination of concrete during placing. In
general, concrete shall be deposited only upon material lying in a natural,
undisturbed state.

4.9.6.2 Foundations of porous or free-draining material shall be
thoroughly compacted by flushing and by subsequent tamping or rolling,
if necessary. The finished foundation surface shall then be blanketed with
a layer of tar paper or closely woven burlap carefully lapped and fastened
down along the seams so as to prevent the loss of mortar from the concrete.

4.9.6.3 Unless otherwise specified, the under-drainage system for
all foundations shall be blanketed as specified under 4.9.6.2.

4.10 Placing Concrete

4.10.1 No concrete shall be placed until the place of deposit has been
thoroughly inspected and approved, all reinforcement, inserts and em-
bedded metal properly secured in position and checked, and forms thorough-
ly wetted (except in freezing weather) or oiled. Placing shall be con-
tinued without avoidable interruption while the section is completed or
satisfactory construction joint made,

4.10.2 Within Forms — Concrete shall be systematically deposited in
shallow layers and at such rate as to maintin, until the completion of the
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unit, a plastic surface approximately horizontal throughout. Each layer
shall be thoroughly compacted before placing the succeedmg layer In
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generm the thickness of w.ybla shall not exceed the wuowmg limits:

a) Vibrated mass concrete 45 cm (or 18 in)
b) Hand compacted mass concrete 30 cm (or 12 in)
c) Reinforced concrete 25 cm (or 10 in)

The batches shall be deposited vertically in such a manner as to avoid
segregation, air pockets, or damage to other recently placed concrete
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any distance, but shall be compacted as close to the point of deposit as
practicable. Wherever necessary, both the forms and reinforcement
shall be protected against splashmg, and all accumulations of partially set,
dned or caked mortar whlch may 1mpa1r the bond or show in the finished
IaCCS snau DC removeu d.ﬂ(l wasted l)ClOI'L Lommen(‘mg concretmg opera-
tions.
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4.10.3 No concrete shall be deposited at any time except in th
presence of an authorized inspector, nor shall any concrete be placed out-
side regular working hours unless due notification thereof is given in suffi-
cient time to make | proper provision for inspection. Wherever concrete is
being deposited at night or under artificial light, both the places of dec-
posit and the mixing and conveying equipment shall be adequately illu-
minated so that all operations are properly observed and inspected.

4.10.4 Temperature of Concrete — When deposited in the forms, con-
crete shall have a temperature of not more than the maximum values as

determinad by concrete cooling studies, and annronriate measures shall he
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taken to attain this requirement. Such measures may include“one or
all of the following opcrations:

a) Cooling of aggregates by spraying with water and air blasting,
b) Cooling of water used in mixing by refrigeration,

c) Use of cooling towers, and
d) Arranging the placing of concrete during the cooler hours of the
day.
In addition to the above, it may be necessary to control the tcmperaturc
rise of the concrete after it has been placed by the one or more methods
detcrmmcd by temperature control studles All lifts placed on rock founda-

tion shail not excced 75 cm \ or Lg ity
4.10.5 Cleaning Joints
4.10.5.1 The joints sha.ll be thoroughly cleaned so as to ex

sound concrete surfaces. The method shail be by means of jets of air
and water applied at high velocity with such additional roughening of the
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surface by means of stiff-wire brushes as may be required. Brushing shall
be done by jabbing and digging into the surface rather than by merely
sweeping. The whole process shall be conducted in such manner as not
to loosen the coarse aggregates but vigorously enough to ‘expose” a fresh
clean-cut concrete surface.

4.10.5.2 Should the next lift be delayed, the contact surface shall
be kept wet and covered so as to ininimize the evaporation of curing water
which may cause an injurious coating on the joint. Where necessary all
defective and undesirable concrete shall be removed by chipping and
picking by hand or, if so required, by wet sand blasting the top to a depth
just sufficient to expose a fresh, clean-cut surface over the entire area,
which shall then be thoroughly flushed with water. Every precaution
shall be taken to afford suitable bond for the succeeding lift.

4.10.5.3 Immediately before depositing fresh concrete, the contact
surface shall again be gone over and thoroughly washed to remove all
debris and loose material. The final pick-up of loose materials shall be
made near the centre of the joint and away from the outside edges of the
masonry. Dry contact surfaces shall be kept saturated with water for not
less than 24 hours, but all standing water shall be removed from depres-
sions before spreading the mortar layer. The joint shall then be covered
with about 1-3 cm (or } in) of mortar (in the same proportion as in the
original concrete but not lower than 1:2) and the concrete immediately
-deposited thereon according to thc manner speciticd under 4.9.2 for rock
foundation.

4.10.5.4 Hardened surfaces of old masontv on which new.concrete
is to be placed shall, unless otherwise ordered, be prepared in the same
manner as provided for rock foundations under 4.9.2.

4.10.6 Pneumatic Placing — The pneumatic method of placing con-
crete or mortar may be used tor such special purposes as tunnel linings,
under-pinning foundations, pressure grouting, etc, provided special per-
mission has been granted and the method approved.

4.10.7 Rale of Placing - Concreting shall be continued without avoid-
able interruption until the structure or gection is completed or until satis-
factory construction joints can be made. Concrete shall not be placed
faster than the placing crew can compact it properly. In placing con-
crete in thin members and columns, precautions shall be taken against too
rapid a placement which may result in movement or failure of the form
due to excessive internal pressure. An interval of at least 4 and pre-
ferably 24 hours should elapse between the completion of columns and
walls and the placing of slabs, beams or girders supported by them in order
to avoid cracking due to scttlement. All concrete shall be placed in ap-
proximately horizontal lifts not exceeding 150 cm (or 5 ft) in thickness
except to expedite the placing of embedded materials. The -intervalk
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between two lifts shall also be maintained as constant as possible, and
the difference of elevation between anv two adiacent blocks shall not be

L QIIICICLICe O clVallOll DOLWelll an WU QU jAlTais

more than 900 cm {or 30 ft) and not less than 150 ecm (or 5 1t). A
period of 5 days-for 150 cm {or 5 ft) of concrete laid shall be allowed
before the next pour unless heat dissipation methods warrant otherwise.

4.10.8 Placing ‘ Plums’ in Concrele — Where plums are permitted to -
be used, they shall be washed and all dripping surface water removed
before bemg embedded in the concrete. No stone shall be closer than
30 cm \UL 12in 1 to an Expobcu surface nor nearer than 15 cm | or 6 in ) to
an adjacent stone. The stones shall not be dropped in place, but each
stone shall be laid-and carefully embedded so as'to avoid any injury to the
forms or adjacent masonry and in such a manner that no planes of weak-

ness of unnecessary seams occur in the structure.

4.10.9 Large Blocks — In placing concretc in large blocks, the work
shall in general proceed from the low side to the high side so that the work-
ing face is never excessively steep nor long. However, for construction

joints in dams, the work shall proceed from the high side to the low side so
ag to maintain an noward slore in the downstream direction, unless con-
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struction joints are otherwise shown on the drawings. Under no condi-
tion shall the slope be so steep as to cause the concrete to flow without
working, or to cause any segregation. The concrete shall be deposited as
nearly as practicable in final position and shall not be piled up in large

1t anv noint and then nushed. shovelled or vibrated into space
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for long distances. It shall be brought up evenly around all large openings,
conduits, or embedded metal so as to minimize unequai pressure and avoid
dispiacement. For large blocks of concrete in dams and other massive
structures the sequence and rate of casting successive lifts and ad]acent
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4.10.30 Kejected Concrete — All concrete of inferior quality shall be
rejected and removed from ti.c site of operations, if possible, before placing
fresh concrete; where concrete has already been placed, if found inferior,
it shall be dug out and removed from the forms. Any batch, too stiff for
proper placcment or in a such condition that it cannot be properly com-
pacted, shall be removed.

4.11 Compacting

4.11.1 Method — Concrete shall be. thoroughly compacted by means
of suitable tools during and immediately after depositing. The concrete
shall be worked around all reinforcement, embedded fixtures, and into
the corners of the forms.  Every precaution shall’be taken to keep the re-
inforcement and embedded metal in proper position and to prevent
distortiou.
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4.11.1.1 Compacting shall include rodding, spading, tamping,
vibrating, treading, and such other operations except finishing, as are
necessary to consolidate and mould the concrete properly. The rate of
placing mass concrete or reinforced concrete in thin sections, whether
mechanically or by manual labour, shall be clewly defined.

4.11.1.2 Accumulation of water on the surface due to bleeding,
or other causes taking place during compacting shall be stopped as much
as possible by adjustments in the mix. All free water on the surface shall
be removed by sponging or mopping. Under no circumstances shall such
accumulation of water be covered up with concrete, or dry concrete used
to soak up excess water.

4.11.1.3 "Jnless otherwise permitied, all concrete shall be com-
pacted by mechanical vibration. The number and type of vibrators shall
be subject to the approval of the engineer-in-charge. In general, only
vibrators of the internal type shall be used. However, in inaccessible
places in the forms where spading, rodding, or forking is impracticabie,
the concrete may be gently worked into place and compacted by light
vibrating or hammering the forms.

4.11.2 Vibrating

4.11.2.1 Wherever practicable, concrete shall te internally vibrated
within the forms, or in the mass, in order to increase the plasticity as to
compact effectively to improve the surface texturc and appearance, and to
facilitate placing of the concrete.

- 4.11.2.2 The intensity and duration of vibration shall be sufficient
to cause complete settlement and compaction without any stratification
of the successive layers or separation of ingredients. Preliminary experi-
ments in vibrating shall be ‘conducted under actual conditions of mix and
placement in order to determine the optimum duration and method of
vibration, as well as to develop the necessary skill,

4.11.2.3 Vibration shall be continued until the entire batch melts
to a uniform appearance and the surface just starts to glisten. A minute
film of cement paste shall be discernible between the concrete and the
forms and around the reinforcement. Over vibration causing segregation,
unnecessary bleeding or formation of laitance shall be avoided.

4.11.3 Internal Type Vibrators

4.11.3.1 Mass concrete shall be thoroughly compacted with the
aid of high frequency, mechanical vibrators of the internal type, having
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not less than 3 600 and preferably more than 5 000 impulses per minute.
Immediately after depositing the concrete, the vibrators shall be inserted
into each pile, operated from 10 to 20 seconds in one spot and then moved
to another not over Y0 cm (or 3 ft) away. The operation shall be re-
peated over until the entire mass is thoroughly compacted and the pile
levelled down. Equal attention shall be paid to the edge of the pile and
to the centre. A sufficient number of two-man vibrators shall be used to
compact each batch properly before placing the next one. A sufficient
number of reserve vibrators in good condition shall be kept on hand at
all times so as to assure that there 15 noe slackening or interruption in com-
pacting.

4.11.3.2 The usc of flexible shaft vibrators, if permitted, shall
closely follow special instructions issued for the purpose.

4.11.3.3 Internal vibrators shall be allowed to penetrate as deeply
as possible under their own weight and shall so consolidate the successive
layers as to break up effectually all strata or seams. The vibrators shall
be inserted and withdrawn slowly in such manner as not to leave voids in
the plastic concrete. The entire opuration shall be conducted in a syste-
matic manner and each course or layer vibrated uniformly. The method
of dumping or depositing the loads shall be so arranged as to keep the
vibrators working continuously during placing operations. The courses
shall be kept approximately lével, and the concrete, even when deposited
in thin layers, shall be as stiif as can be satisfactorily worked. However,
concrete for which a slump greater than 10 cm (or 4 in ) is specified shall
not be vibrated unless otherwise ordered. Care shall be taken not to
disturb a set of partiallv set layer. The vibrators shall be held vertical
as far as possible.

4.11.3.4 Under no conditions shall internal vibrators strike the face
of the forms, nor shall reinforcement steel or embédded metal be jarred
with sufficient force to impair the bond between the concrete and the
metal.

4.11.4 External Type Vibrators

4.11.4.1 Wherever so required. platform vibrators shall be used
to embed all large stone or cobblc projecting above the top of the lift, but
such vibrators shall be used with caution and operated only in such manner
as to avoid pulling excess inortar to the surface. The entire top of the lift
for a depth i about 30 cm (or 1 ft) shall be thoroughly vibrated. Parti-
cular care s.all be taken in making keyways and shear grooves. Where a
raised key is required, the form shall be filled to overflowing and a plat-
form vibrator used to compact the concrete and bond the key to the body
of the lift.
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4.11.4.2 Form vibrators shall be permitted-only for special purpose
specified under 4.11.1.3 and extreme care shall be exercised to avoid
pumping air into the concrete.

4.11.5 Surface Voids — Large voids or air pockets, which may be left
in the permanently exposed faces of the structure by vibration, shall be
removed systematically spading the face in the following manner.
Wherever practicable, a motor-driven, slowly revolving, square steel rod
shall be held in a vertical position and moved slowly back and forth in
short intervals along the entire face. Care shall be taken to avoid prolong-
ing such spading to the point of leaving excess mortar in the face.

4.12 Depositing Concrete Under Water

4.12.1 Concrete shall not be deposited under water, if it is practicable
to unwater the area and place the concrete in the regular manner. If
it is found necessary to deposit any concrete under water, the method,
equipment, materials and mix shall first be approved by the engineer-in-
charge. Concrete shall not be placed in running water.

4.12.1.1 No concrete shall be placed in water colder than 2°C
(or 35°F). When the water temperature is below 7°C (or 45°F), the
temperature of the concrete when deposited shall be between 15 to 25°C
(or 60 to 80°F). The difference between the temperature of water and
temperature of concrete shall in no case exceed 5°C (or 40°F). The
cement content shall be not less than 390 kg of cement per cu m (or 658 1b
of cement per cu yd ) of concrete. The limits for the slump shall be 10 cm
and 18 cm (or 4 in and 7 in ), the actual slump being decided by the
engineer-in-charge.

4.12.1.2 Cofferdams or forms in running water shall be sufficiently
tight to reduce the velocity of the water to less than G-3 cu m (or 10 cu ft )
per minute through the space to be filled with concrete. Cofferdams or
forms in still water shall be sufficiently tight to prevent the loss of mortar.
Pumping or bailing shall not be conducted while the concrete is being de-
posited, and within 24 hours after placing of the concrete.

4.12.2 Methods of Depositing Under Water — Concrete shall be de-
posited continuously until it is brought to the required height. While
depositing, the top surface shall be kept as nearly level as possible and
the formation of seams shall be avoided. The methods to be used for de-
positing concrete under water shall be one of the following-

a) Tremie — When concrete is deposited under water by means of a
tremie, the top section of the tremie shall be a hopper large enough
to hold one entire batch of the mix or the entire centents of the
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transporting bucket when onc is used. The tremic pipe shall be
not less than 20 cm ( or 8 in ) in diameter and shall be large enough
to allow free flow of concrete and strong ¢nough to withstand the
external pressure of the water in which it is suspended, even if a
partial vacunm should develop inside the pipe. Flanged steel
pipe of adequate strength to sustain the greatest length and weight
required for the job should preferably be used. A separate lifting
device shall be provided for each tremic 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 of the pipe shall
be plugged with a wadding of gunny sacking or other approved
material, before delivering the concrete to the tremie pipe through
the hopper. The plug of sacking or other material is forced out at
the bottom end of the pipe by filling the pipe with concrete. It is
necessary to raise slowly the tremic in order to cause a uniform
flow of the concrete, but care shall be taken not to empty the
tremie so that water enters above the concrete in the pipe. At
all times, -after the placing of concrete is started and until all the
concrete is placed. the lower ¢nd of the tremie pipe shall be below
the top surface of the plastic concrete. This causes the concrete
to build up from below instead of flowing out over the surface and
avoids formation of laitance layers. If the charge in the tremie is
lost while depositing, the tremie shall be raised above the concrete
surface, and unless sealed by a check valve it shall be re-plugged at
the top end, as at the beginning, beforc being refilled for depositing
concrete.

b) Drop bottom bucket — The top of the bucket shall be open. The
bottom doors shall open freely downward and outward when
tripped. The bucket shall be filled completely and lowered slowly
to avoid backwash. It shall not be dumped until it rests on the
surface upon which the concrete is to be deposited and when dis-
charged shall be withdrawn slowly until well above the concrete.

¢) Bags — Bags of at least 0-03 cu m (or 1 cu ft) capacity of jute or
other coarse cloth shall be filled about two-thirds full of concrete,
the spare end turned under so that bag is square ended and se-
curely tied. They shall be placed carefully in header and stretcher
courses so that the whole mass is interlocked. Bags used for this
purpose.shall be free from deleterious materials.

4.12.3 1o minimize the formation of laitance, great care shall be

exercised not to disturb the concrete while it is being deposited.

4.12.4 If it is necessary itv raise the water after placing the concrete,
the level shall be brought up siuwly without creating any waves or com-
motion tending to wash away ceinent or to disturb the fresh concrete in

any way.
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4.12.5 Concrete Exposed to Corrosive Water or Soils — Special cements
shall be specified to be used in concrete to be deposited under these condi-
tions. Extreme care shall be taken to secure maximum- density and dur-
ability. The placing of any block shall continue without interruption
until the concrete is at least 45 cm ( or 18 in ) above the ground water level.
The corrosive waters or soils shall not touch the concrete during placement
or for at least 72 hours thereafter.

4.13 Weather Conditions

4.13.1 Concrete operations shall be temporarily suspended during
excessively hot, cold, or inclement weather, or whenever conditions are
such that the concrete cannot be properly placed and cured.

4.13.2 During freezing weather, all aggregates shall be free from ice,
snow, heavy frost and frozen lumps. Whenever the temperature is likely
to fall below” —7°C (or 20°F ) within the subsequent 48 hours, concreting
operations shall be suspended unless provision has been made to protect
the concrete from freezing. Under such circumstances, the water used for
mixing shall be heated and the temperature of concrete shall be kept at not
less than 10°C (or 50°F ) for at least 72 hours after placement.

4.13.3 During hot weather no concrete shall be deposited when the
temperature within the forms is more than 50°C (or 120°F). Whenever
necessary, exposed surfaces of fresh or green concrete shall be shaded from
the direct rays of the sun and protected against premature setting or drying
by being cured under cortinuous fine spray of water

4.13.4 During continued rainy weather or heavy downpours, all
freshly placed concrete shall be covered and protected against surface wash.
Special precautions shall be taken to prevent the formation of lcan seams
or sand streaks. Mortar coats for bonding construction joints as speci-
fied under 4.9.1, 4.9.1.1 and 4.10.5 shall not be placed or left exposed if
the rain is tending to incrcase the water-cement ratio of the mortar.
Under no conditions shall concrete be placed in a pool or a sheet of water.
The top of all badly washed or streaked surfaces shall be removed and
wasted before depositing the next course.

4.14 Curing and Protection

4.14.1 All concrete shall be protected against injury. Exposed
finished surfaces of concrete shall be protected against heating and drying
from the sun for at least 72 hours after placement. Concrete shall, in
general, be kept continuousiy ( not periodically ) moist for not less than
14 days. Construction joints shall be cured in the same way as other
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concrete and shall also, if practicable, be kept moist for at least 72 hours
prior to the placing of additional concrete upon the joint. Horizontal
and approximately horizontal surfaces shall be cured by sprinkling or by

covering with damnp sand, or by the use of wet sacks which satisfactorily re-
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tain the required amount of water for curing purposes. Where damp
sand or sack cover is used for curing, it shall be completely removed later.
Water curing shall be used on all concrete in dams and shall be applied
by meaus of sprays or sprinklers to cover the entire area of the concrete.
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turbed by workmen walking on it or by storing materials on the surface
or otherwise for at least 10 hours after placing.

4.14.2 In special cases, such as powerhouses, the use of an approved,
properly-applied sealing compound on limited areas shall be permitted.
The curing compound shall be of the surface membrance type which shall
thoroughly seal the concrete surface. Curing compound shall not be used
on joints wiere bonding is required. The concrete surface shall be
thoroughly wetted before applying the compound. All surfaces covered

with curing compound shall be protected from traffic or |nn1rv of the epa]lnn

coat until expiration of the curing period. All methods used for cunng
shall leave the concrete free from any discolouration or damage to the
concrete.
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4.15 NnEepair of uun»ncu:—x\npu.u 01 au uull\.u\,btiﬁi 15 of the concrete
surfaces necessary to pr~-r~ surfaces that conform to the requirements
shall be completed as soon as practicable after removal of forms and where-
ever possible within 24 hours after tne removal of forms. Fins shall be
neatly removed from surfaces for which finishes F2 and F3 ( see 4.16.2)
are required. Concrete that is damaged from any cause, and concrete
that is honey-combed, fractured, or otherwise defective, and concrete,
which becanse of cxcessive surface depressions, has to be excavated and
built up to bring the surface to the prescribed lines, shall be removed and
replaced with dry-patching mortar. Where bulges and abrupt irregu-
larities protrude outside the required limits and where it is required to
finish the surfaces with finishes F2 and F3, the protrusions shall be re-
duced hy bush-hammering and nrln:hnu so fh'lf the surfaces are brought

L]
within the required limits. Drypa.ck ﬁllmg shall be used for holes havmg
at least one surface dimension not greater than the hole depth, for holes
left by removal of fasteners from the ends of form tie rods, for grout pipe
recesses, and for narrow slots cut for repair of cracks. Filling of holes

1oft hy tha ramauval of factonere from the ends of the tie rades in surfacec
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for which F1 finish is specified, shall not be required. Dry-patching mortar
shall consist of one part of cement to two parts of sand by volume, and
just enough water to hold the ingredients together. The mortar shall be
placed in laycrs of 2-5 (or 1 in) each layer thoroughly tamped ant
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the surface of the holes and shall be sound and free from shrinkage cracks
and surrounding concrete. All filling shall be bonded rightly to the
hollow areas after the fillings have been cured and have dried.

4.16 Finishes and Finishing

4.16.1 Concrete surfaces shall be tested where necessary to deter
mine whether surface irregularities are within the specified limits. Surface
irregularities are classified as ‘abrupt’ or ‘gradual’. Offsets caused
by displaced or misplaced form sheathing or lining or form sections,.or
by loose knots in forms or otherwise defective timber forms shall be con-
sidered as abrupt irregularities, and shall be tested by direct measurement.
All other irregularities shall be considered as gradual irregularities, and
tested by use of a template, consisting of a straight edge or the equivalent
thereof for curved surfaces. The length of the template shall be 150 cm
(or 5 ft) for testing of formed surfaces and 300 cm (or 10 ft) for testing
of unformed surfaces.

4.16.2 Formed Surfaces — The finish for formed concrete surfaces
shall be of the following four classes:

a) Finish F1 — Finish F1 shall apply to formed surfaces upon which
or against which backfill or concrete is to be placed. The surfaces
require no treatment after removal of forms except removal and
repair of defective concrete and the specified curing. Correction
of surface irregularities shall be done only for depressions which
when measured as described under 4.16.1 exceed 2-5cm (or-1in). -

b) Finish F2— Finish F2 shall apply to all permanently exposed
formed surfaces for which finishes F3 and F4 are not specified.
Surfaces for which finish F2 is specified will need no filling of pits
or sack rubbing and no grinding other than that nceded for repair
of surface imperfections. Surfacc irregularities, measured as
described under 4.16.1 shall not exceed 0-5 cm (or } in) for ab-
rupt irregularities and 1 cm (or } in) for gradual irregularities.

c) Finish F3 — Immediately after removal of forms from surfaces
designated for F3 finishes, all required patching, clecan up and cor-
rection of major imperfections shall be completed and the surfaces
shall be given a sack-rubbed mortar finish in the following manner:

The surfaces shall be thoroughly wettcd and permitted to ap-
proach surface dryness before starting the sack rubbing. The
surfaces shall be finished in areas sufficiently smail to prevent com-
plete drying of any part before the sack rubbing is completed for
that area: The mortar used for the sack rubbing shall consist
of one part of cement to two parts, by volume, of sand passing
through IS Sieve 100, and enough water so that the consistency
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of the mortar is that of thick cream. The mortar shall be rubbed
thoroughly over the area with clean burlap or a sponge rubbed
float, completely filling all pits and irregularities. While the
mix in the holes is still plastic, a mixture of the dry ingredients of
the mortar in the same proportions shall be rubbed over the area.
After the mortar has stiffened adequately to prevent smearing,
but before it has hardened, the excess mortar shall be removed by
rubbing with clean burlap. After the final sack rubbing, a ligiit
fog spraying shall be applied ta the coated surface, the moisture
thus applied being just sufficient to damp the surface without
allowing water to run down the face cf the walls.

All sack-rubbed areas shall be kept continuousl

areas kept uously damp for
at least 72 hours after the final sack rubbing, or until completicn
of the curing period for the concrete. When measured as describ-
cd under 4.16.1, abrupt irregularitics shall not exceed 0-5 cm (or
1 in ) for irregularitics parallel to the direction of flow, and (0-25 cm

riin rarrecsularitios in aothor diraction Tradiial srracularitioc
(arl \ for irr larit th 1 t+ ( 11111 1 +
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shall not exceed 0-5 ecm (or } in). lIrregularities exceeding these
limites shall be reduced by grinding on a bevel of 1 to 20 ratio of
height to length.

&

Finish F4 — Finish F4 shall apply to formed surfaces where ah-
sorptive form lining is used. Surfaces provided by absorptive form
lining shall not be rubbed or treated in any way except for cleaning
by wire brushing and grinding off thin fins or smalil projections.

4.16.3 Unformed Surfuces — The classes of finish for unformed con-
crete surfaces are designated by the symbols Ul, UZ and UJ. Interior
surfaces shall be sloped for drainage where shown on the drawings.  Sur-
faces which would be exposed to the weather and which would norr
be level, shiall be sloped for drainage. Unless the use of other slopes or
level surfaces is specified, narrow surfaces, such as tops of walls and curbs,
shall be sloped approximately 3 cm per metre (or § in per ft) of width
border surfaces, such as walks, roadways, platforms, and decks shall bhe

Vo] mrainesteadles VB A sshr svintra fooar 1oiiy o £40) Tha rlacenc of
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finish to be applied shall be as follows:
a) Finish UV (screeded £inish) — shall apnly to unformed surtaces
) Feamisn U1 screeded fomesh ) shall apply ¢ C

that are to be covered by backfill or by concrete and surfaces of
subfloors which will be covered by concrete floor topping. Finish
Ul is also used as the first stage for Finishes U2 and U3.  Finishing
operations shall consist of sufficient levelling and screeding to
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as described under 4.16.1 shall not exceed 1 cm (or § in ).

\ Tossach I72 ( Aoated finish) — shall apnlvy to unformed surtaces
V Finish UL { ficaled finish ) shall' apply to wunio a s

not permanently concealed by backfill or concrete or unformed
surfaces for which Finshes U1l and U3 are not specified, and shal!

[
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include floors. of sumps, tops of walls, parking areas, parapet
walls, surfaces of gutters, sidewalks and outside entrance slabs.
Finish U2 is also used as the second stage for Finish U3. Floating
may be performed by use of hand- or power-driven equipment.
Floating shall be started as soon as the screeded surface has
stiffened sufficiently, and shall be the minimum necessary to pro-
duce a surface that is frec from screed marks and is uniform in
texture. If Finish U3 is to be applicd, floating shall be continued
until a small amount of mortar without excess water is brought
to the surface, so as to permit cffective trowelling. Surface
irregularities, measured as described under 4.16.1 shall'mot exceed
0-5cm (or }in). Joints and edges of gutters, sidewalks, entrance
slabs, and other joints and edges shall be tooled where necessary.

c) Finish U3 (trowelled finish) — shall apply to unformed surfaces,
such as slabs to be covered with built-up roofing or membrane
water-proofing and stair trcads. When the floated surface has
hardened sufficiently to prevent excess of fine material from being
drawn to the surface, steel trowelling shall be started. Steel
trowelling shall be performed with firm pressure, so as to flatten
the sandy texture of the floated surface and produce a dense uni-
form surface, free from blemishes and trowel marks; light steel
trowelling will be permissible on surfaces of slabs to be covered
with built-up roofing or membrane waterproofing, in which light
trowel marks are not considered objectionable. Surface irregu-
larities measnred as described under 4.16.1 shall not exceed 0-5 cm

(or } in).

5. FORMS FOR CONCRETE

5.1 General — Forms shall be used wherever necessary to confine con-
crete and shape it as required.  All exposed concrete surfaces having slopes
of one to one or stecper shall be formed. unless otherwise directed.  Where
the character of the natural material cut into to receive a concrete struc-
ture is such that it can be trimmed to the prescribed lines, the use of
forms shall not be required. The forms shall have sufficient strength
and rigidity to hold the concrete and te withstand the necessary pressure,
ramming, and vibration without excessive deflection from the prescribed
lines. The surfaces of all forms in contact with the concrete shall be clean,
rigid, tight and smooth. Suitable devices shall be used to hold corners,
adjacent ends, and edges of vpanels or other forms together in accurate
alignment.

5.1.1 Metal forms or metal-lined forms shall be permitted for per-
manently exposed surfaces only when an entire surface is to be built
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completely with such forms. Curved and special forms shall be of a character
that would give smooth concrete surfaces. They shall be so designed and
constructed as not to warp or spring during erection or placing concrete.
Forms to be used more than once shall be maintained in serviceable condi-
tion, and shall be thoroughly clean and smooth before being reunsed.
Where metal sheets are used for lining forms, the sheets shall be placed
and maintained on the forms with the minimum amount of wrinkies,
bumps, or other imperfections. The use of sheet metal to correct imper-
fections in the lining of timYer faced forms for surfaces that are to be per-
manently exposed to view shall not be permitted. Where plywood is used
for form lining, the joints between the sheets shall be smooth and as per-
fect as practicable, and no patching of the plywood shall be permitted for
permanently exposed surfaces. Minor imperfections in the plywood shall
be corrected by the use of plastic wood, secured firmly in place and sand-
papered smooth after it has hardened.

5.2 Absorptive Form Lining — Absorptive form lining, where directed
to be used, shall be of the type and guality approved by the engineer-in-
charge. The form lining shall be highly absorptive to air and water, and
through its absorptive capacity be able to eliminate voids, pits and other
common defects from the concrete surface. The lining shall be readily re-
movable from the concrete without damage to the surface. It shall pro-
duce a dense concrete surface of uniform and satistactorv texture and
coiour. The lining itself and any treatment employed in its manufacture
shall not discolour the concrete nor interfere with the rormal chemical
reaction of the cement. The backing to which absorptive lining is attached
shall be sufficiently smooth, even and free from cracks, knot holes, and
other imperfections to avoid unevenness in the finished surface. The
lining shall be in sheets of uniform length and width. Lecation and
direction of the joints shall be approved by the (ncineer-in-charge. The
joints between sheets shall be fitted smoothly and accurately, and patching
shall be avoided. Edges shall be brought to light contact, but shall not be
pressed tightly together. Cutting and trimming shall be truc and shall be
done with tcols well adapted to this work so that sharp, smooth, square
edges are produced. The lining shall be attached to the forms in such a
manner that it is held securely and smoothly in place. Nails or tacks,
if used, shall be spaced in uniform’ pattern, and shall be driven flush.
Dents and hammer marks in the surface of the lining shall be avoided.
After the lining has been attached to the form, the joints shall be rubbed
with a smooth tool to press down any projecting fibres. Where absorptive
form lining is in contact with the face of a previous pour, care shall be used
in setting and sufficient pressure shall be applied in tightening form anchors
to produce continuity and evenness at the face, free from offsets, sand
streaks, and other irregularities. The lining shall be kept dry and shall
not be reused.

30



IS : 457 - 1957

5.3 Form Ties — The use of metal rods or other similar devices em-
bedded in the concrete for holding forms shall be permitted if the ends
of the rods are omitted or subsequently removed to a depth of not less
than 5 cm (or 2 in ) from the surface of the concrete without injury to the
concrete, provided that for walls subjected to water pressure on one side
and required to be watertight, the rods shall not be taken through the
wall. Complete removal of embedded rods shall not be permissible. Re-
moval of embedded fasteners on the ends of the rods shall be done so as
to leave holes of regular shape for reaming. All holes left by the removal
of fasteners from the ends of the rods shail be immediately reamed with
suitable toothed reamers so as to leave the surfaces of the holes clean and
rough and completely filled with dry patching mortar, and the surface
shall be finished to match the adjacent concrete. Wire ties shall be per-
mitted only where specifically approved, and shall be cut off flush with
the surface of the concrete after the forms are removed. Wire ties shall
not be used where permanently exposed finished surfaces are required.

5.4 Erection of Forms — Before placing concrete, the surfaces of all
forms, except those lined with absorptive form lining, shall be oiled with a
suitable non-staining oil, and, immediately before concrete is placed, pre-
cautions shall be taken to see that all forms are in proper alignment and
that all form anchors and ties are thoroughly secure and tight. Special
care shall be taken to oil thoroughly the form strips for narrow grooves
so as to prevent swelling of the forms and consequent damage to the con-
crete prior to or during the removal of forms. Where forms for con-
tinuous surfaces are placed in successive units, the forms shall fit tightly
uver the completed surface so as to prevent leakage of mortar from the
concrete and to maintain accurate alignment of the surface. Care shall
be taken to see that the construction joints formed are smooth, free from
sharp deviations, projections, or edges. Particular attention shall be given
in setting and tightening the form, so that the construction joint surfaces
are plumb and accurately aligned.

5.5 Removal of Forms — Removal of forins shall never be started until
the concrete has thoroughly set and has aged to give it sufficient strength
to carry twice its own weight plus the live load which is likely to come
on the structure during the course of censtruction. The length of time,
the forms would remain in place, shall be decided with reference to weather
conditions, slope and position of the structure or structural member and
the nature and amount of dead and live loads.

5.5.1 In no case should forms be removed until there is assurance
that their removal is possible without chipping, spalling or defacing the
concrete surface. Furthermore, heavy loads shall not be permitted until
after the concrete has reached its designed strength. All forms shall be
entirely removed from a lift to permit inspection before the forms for
the next lift are set.
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6. CONSTRUCTION JOINTS

6.1 Location of Joints — The location and type of all construction joints
shall be shown on the drawings, and no other joints or type of joints shall
be built unless specifically approved by the competent authority.

6.2 Horizontal Joints — The stipulations of 4.10.5 for cleaning masonry
joints and bonding new concrete to old shall apply to all horizontal con-
struction joints. Keyways or dowels for resistance to shear shall be
carefully formed and placed as shown on the drawings. At least 2 hours
shall elapse after depositing concrete in columns or supporting walls be-
fore placing the concrete in the floor system. All joints shall be finished
to present a sharp level, straight line in the exposed face.

6.3 Vertical Joints — Vertical construction joints shall be built with
essentially the same care as other exposed surfaces. The break between
the adjoining sections of masonry shall be complete, unless otherwise de-
tailed on the drawings.

6.4 Water-tight Joints

6.4.1 Where horizontal construction joints are subject to water pres-
sure, special care shall be taken to bond the next lift of concrete. The
consistency of the concrete shall be carefully controlled so as to avoid sand
streaking; and after compaction no free water shall show anywhere along
the joint. The surface shall be carefully cured as spccified under 4.15
and shall be protected from mechanical injury. Before placing the next
lift, the joint shall be cleaned and prepared as specified under 4.10.5.

6.4.2 In casting vertical joints required to be water-tight, care shall be
taken not to injure or displace the grout pipine. water stops, or seals called
for on the drawings.

6.5 Emergency Joints -— Wherever placirg is interrupted long enough
for the concrete to take its final set, the working face shall be so formed
and finished as to provide union with subsequent work equal to that speci-
fied for regular construction joints.

7. TESTS

7.1 Field Tests — Field tests of all concrete being placed shall be re-
gularly conducted. In general, as a reliable indication of other physical
properties, the quality of the concrete being produced shall be judged by a
comparison of the compressive strengths developed within a given period.
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7.2 Laboratory Test.— A properly equipped testing laboratory to con-
trol the quality of the concrete shall be operated on the work site. The
laboratory shall be fully equipped with apparatus for conductipg all the
usual physical tests for concrete. The compression-testing machine shall
have a capacity of not less than 100 metric tonnes ( or 100 tons) and shall
be capable of applying the test load at a uniform rate of application.

7.3 Test Records — A compleie record shall be kept of all operations.
An accurate daily record shall be made of the location, mix, compressive
strength, water-cement ratio and other physical data pertaining to the
concrete placed in each part of the structure.

7.3.1 The density, durability, imperviousness, generation and loss of
heat, expansion and other physical characteristics of the concrete shall be
tested as often as may be requized to maintain the required properties.

7.4 Test Pieces — In general, not less than one sample shall be taken
from approximately each 380 cu m (or 500 cu yd) of mass concrete and
from 190 cu m (or 250 cu yd) of reinforced concrete placed and for each
class of concrete deposited in any one day’s run. Three cylinders or test
beams shall be made from each sample. The normal number of control
specimens, however, may be changed at the discretion of the engineer-in-
charge. Samples for compression test shall be taken in the field in accor-
dance with Appendix E of %IS:456-1957. All specimens shall be mouided
immediately after the sample.is taken. They shall be stored in a protected
place under a moist condition at 27 +4 2°C (or 81 4+ 4°F) without being
disturbed or moved for at least 24 hours after being cast.

7.4.1 For standard 15 x 30 cm (or 6 x 12 in } cylinders, all aggregate
having a maximum dimension of more than 4 cm ( or 1} in) shall be re-
moved by wet-screening the sample just before moulding the test pieces.
For large cylinders, the maximum size of aggregate left in the sample shall
not be more than one-fourth the diameter of the cylinder. Occasional
specimens as large as can be tested in the field laboratory shall be cast
without removing any aggregate. Such specimens shall be tested to
establish the relation between unscreened and normally screened samples.
The corrective factor thus determined shall be applied to the tested strength
of screened specimens in recording the average daily unit strength of the
concrete placed in the structure.

7.4.2 For dams and other large structures, 21l field specimens shall
be finally cured under moitt conditions at a constant temperature of
27 4 2°C (or 81 4 4°F) and at 85 percent relative humidity. For small
jobs where a moist room is not available, the specimens shall be cured in
accordance with the standard methods of making and storing compression
test specimens in the field.

#Second revision in 1964,
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7.4.3 Age of Specimens — Regular tests shall be run at the age of 7
and 28 days, with occasional tests of representative specimens at 14 days
and at 3, 6 and 12 months.

7.5 Compression Tests

7.5.1 For compression tests, the regular size of cylinder and cubes and
the manner of moulding, capping and testing the specimens shall be in
accordance with Appendices B and E of *IS: 456-1957 except that an ap-
proved method of vibration may be used for compacting the concrete.

7.5.2 Wherever required, representative 15 cm (or 6 in) cores shall
be drilled from the completed structure and shall be prepared, capped
and tested in accordance with Appendix B. The ultimate compressive
strength and sounduess of such specimens shall be compared with the
results of similar fests on standard test cylinders taken from the same run.

7.6 Flexure Tests — For flexure tests, the size and shape of specimens
and the manner of moulding and testing shall be in accordance with Ap-
pendix C.

7.7 Failure to Meet Requirements — Should the test specimens fail
to show the desired uniform quality and characteristics, the directions
given by the engineer-in-charge to improve such concrete, shall be strictly
followed.

APPENDIX A
(Clause 4.5)

DETERMINATION OF CONSISTENCY OF CONCRETE BY
VEE-BEE CONSISTOMETER METHOD

A-1. SCOPE

A-1.1 This appendix deals with the determination of consistency of con-
crete using a Vee-Bee Consistometer, which determines the time required
for transforming, by vibration, a concrete specimen in the shape of a
conical frustum into a cylinder.

A-2. APPARATUS

A-2.1 The Vee-Bee Consistometer (see Fig.1) consists of:
a) A vibrator table resting upon elastic support;
b) A metal pot;

«Second cevision in 1964
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¢} A sheet metal cone, open at both ends; and
d) A standard iron rod.

A-2.2 The vibrator table (G) is 380 mm long and 260 mm wide and is
supported on rubber shock absorbers at a height of about 305 mm ahove
flaor level, Tha table is mounted on a base IK\ which rests on three
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rubber feet, and is equipped with an electncally operated vibrometer
mounted under it operating on either 65 volts or 220 volts, three phase,
50 cycles alternating current. A sheet m~tal cone ( B) open at both ends
is placed in the metal pot ( A) and the metal pot is fixed on to the vibrator
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high and its bottom diameter is 20 cm and top diameter 10 cm. A swivel
arm holder (M) is fixed to the base and into this is telescoped another
swivel arm ( N ) with funnel (D) and guide-sleeve ( E). The swivel arm
can be readily detached from the vibrating table. The graduated rod
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glass disc ( C) is screwed. The graduation of the scale on the rod records
the slumps of the concrete cone in centimetres and the volume of concrete
after vibration of the cone in the pot. The standard iron rod is 20 mm
in diameter and 500 mm in length. The electrical equipment mounted
on the base of the consistometer consists of a fixed plug and comector for

F1G. 2 VEE-BRE CONSISTOMETER
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the electric supply cable, plug and socket contacts for the detachable cable
connected to the vibrometer and a control switch. A photograph of
the apparatus under operation is given in Fig. 2.

A-3. PROCEDURE

A-3.1 A slump test as described in Appendix Gof *IS: 456-1957 is per-
formed in the sheet metal cylindrical pot of the consistometer. The glass

16
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Fi16.3 ReLATION BETWEEN SLUMP IN CM AND VEE-BEE DEGREES

#Second revision in 1964.
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disc attached to the swivel arm is moved and is placed just on top of the
slump cone in the pot and before the cone is lifted up the position of the
concrete cone is noted by adjusting the glass disc attached to the swivel
arm. The cone is then lifted up and the slump is noted on the graduated
rod by lowering the glass disc on top of the concrete cone. The electrical
vibrator is then switched on and the concrete is allowed to spread out in
the pot. The vibration is continued until the whole concrete surface uni-
formly adheres to the glass disc as indicated in Fig. 2 and the time taken
for this to be attained is noted with a stop-watch. The time is recorded in
seconds.

A-4. RESULT

A-4.1 The consistency of the concrete is expressed in Vee-Bee degrees
which are equal to the time in seconds under A-3.1.

A-4.2 The required slump is obtained on the basis of the consistency
scale given in Table II.

A-4.2.1 The curve in Fig. 3 indicates the relationship between slump
in cm and the degrees covered by the consistency scale given in Table 11.

TABLE II CONSISTENCY SCALE

CONSISTENCY NUMBER OF CHARACTERISTICS
VEE-BEx DEGREES

Moist earth 40 to 25 to 20 Particles of coarse aggregate in the concrete are
adhesive, but concrete does not clot. Risk of
segregation.

Very dry 20 to 15 to 10 Concrete has the consistency of yery stiff por-
ridge, forms a stiff mound when dumped, and
barely tends to shake or roh itself to form an
almost horizontal surface when conveyed for
a long time in, say, a wheel-barrow

Dry 10te 7 tu © Concrete has the consistency of stiff porridge,
forms a mound when dumped, and shakes or
rolls itself to form a horizontal surface when
conveyed for a long time in, say, a wheel-

barrow.
Plastic Ttodtul Concrete can be shaped into a ball between the
palms of the hands and adheres to the skin.
Semi-fluid Jto2tod Concrete cannot be rolled into a ball between

the paims of the hans, but spreads out even
though slowly and without affecting the cohe-
sion of the constituents so that segregation
does not oceur.
Fluid More fluid Concrete spreads out rapidly and segregation
/ than 1 takes place.
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APPENDIX B
(Clause 7.5.2)

METHOD OF SECURING HARDENED SPECIMENS OF
CONCRETE FROM THE STRUCTURE

B-1. SCOPE

B-1.1 This method covers the procedure for securing, preparing and
testing specimens of hardened concrete from structures and pavements,

B-2. PRECAUTIONS -

B-2.1 A specimen to be tested for strength shall not be removed from
the structure until the concrete has become hard enough to permit its
removal without disturbing the bond between the mortar and the coarse
aggregate. n general the concrete shall be 14 days old before the speci-
mens are removed. Specimens that show abnormal defects or that have
been damaged in removal shall not be used.

B-3. APPARATUS

B-3.1 Core Drill — A core drill shall be used for sccuring cylindrical core
specimens. For specimens taken perpendicular to a horizontal surface,
a diamond drill shall he used.

B-3.2 Saw — A saw shall be used for securing beam specimens from
the structure or pavements for flexural strength tests. The saw shall
have a diamond or silicon carbide cutting edge and shall have adjust-
ments that will permit cutting specimens which conform to the dimensions
prescribed under B-4.2.

B-4. SPECIMENS

B-4.1 Core Specimen — A core specimen for the determination of pave
ment thickness shall have a diamet~r of at least 10 cm (or 4in). A core
specimen for tie determination of compressive strength shall have a dia-
meter at least three times the maximum nominal size of the coarse aggre-
gate used in the concrete, and in no case shall the final diameter of the
specimen be less than twice the maximum nominal size of the coarse aggre-
gate. The length of the specimen, when capped, shall be, as nearly as
practicable, twice its diameter.
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B-4.2 Beam Specimen — A heam speamen for the determination of
flexural strength, in general, shall have a cross-section of 15 X 15 cm
(or 6 x 6in). The specimen shall be at least 53 cm (or 21 in) in length
but when two tests for flexural strength are desired for one beam speci-
men, it shall be at least 84 ¢cm (or 33 in) in length. )

Note — In many cades, particularly with prisms cut from pavemcnt slabs,
the width shall be governed by the size of the coarse aggregate and the depth
by the thickness ot the slab.

B-5. PROCEDURE

B-5.1 Core Drilling — A core specimen taken pérpendicular to a hori-
zontal surface shall be located, when possible, so that its axis is perpendi-
cular to the bed of the concrete as originally placed. A specimen taken
perpendicular to a vertical surface, or perpendicular to a surface with a
batter, shall be taken from near the middle of a unit of deposit, i.e., 380 cu m
{or 500 cu yd) of mass concrete and from 190 cu m (or 250 cu yd) of re-
inforced concrete placed in any one day’s run.

B-5.2 Slab Removal — A sufficiently large slab shall be removed so
that the desired test specimens may be sccured without the inclusion of
any concrete whiclh has been cracked, spalled, undercut, or otherwise
damaged.

B-53 Beam Sawing — The sawing operation shall be so performed that
the concrete will not be weakened by shock or by heating. The sawed
surfaces shall be smooth, plane, parallel, and free from steps, ridges and
grocves.  Care shall be taken in handling sawed beam specimens to avoid
chipping or cracking.

B-6. COMPRESSIVE STRENGTH

B-6.1 End Preparation — Core specimens to be tested in compression
shall have ends that arc essentially smooth, perpendicular to the axis, and
of the same diamecter as the body of the specimen. The ends of speci-
mens which have projections of -5 cm (or } in) or more above the normal
plane, or which depart from perpendicularity to the axis by more than
5 degrees, or whosediameter departs from the mean by more than 0-25 cm
(or % in) shall be sawed or tooled until they conform to these tolerances.

B-6.2 Moisture Conditioning — Test specimens shall he completely
submerged in water at room temperature for 40 to 48 hours immediately
prior to the compression test. Specimens shall be tested promptly after
removal from water storage. During the period between removal from
the water storage and testing, the specimens shall be kept moist by covering
with a wet burlap or blanket. They shall be tested in a moist condition.
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B-6.3 Capping — Before making the compression test, the ends of the
specimen shall be capped in order to meet the requirements given in Ap-

pendix E of IS: 456-1957.

Dl 4. +a
sting, the length of the capped speci-

B-6.4 Measurement — Prior to te g, :
men shall be measured to the nearest 0-:25 cm (or 0-1 in) and its average

diameter determined to the nearest 0-25 cm (or 0-1 in ) from two meusure-
ments taken at right angles near the centre of the length.

B-6.5 Calculation and Report — The direction of the application of
the load with reference to direction of compaction of the concrete in the
structure shall be reported The comprcssive shength of cach specimen
shall be caicuiated in Kg per = cm \Ur ib per sq in ) based on the av L!dgb
diameter of the specimen. If the ratio of length to diamcter of a speci-
men s appreciably less than two, allowance for the ratio of length to dia-
meter shall be made by multiplying the compressive strength by the ap-
plicable correction factor given in the following table. Values not given
in the table shail be deterinined by interpolation.

RATIO OF LENGTH OF STRENGTH CORRECTION
CYLINDER TO DIAMETER FACTOR

1-75 0-98

1-50 0-96

1-25 0-94

1-10 0-90

1-00 0-8%

0-75 0-70

0-50 0-50

APPENDIX C
(Clause 7.6)

FLEXURAL STRENGTH OF CONCRETE (USING SIMPLE
BEAM WITH THIRD-POINT LOADING)
C-1. SCOPE

C-1.1 This method of test covers the procedure for determining the
flexural strength of concrete by the use of a simple beam with third-point
loading.

C-2. APPARATUS

C-2.1 The third-point loading method shall be used in making flexure
tests of concrete employing bearing blocks which shall insure that forces
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applied to the- beam are vertical only and applied without eccentricity.
A diagram of an apparatus which accomplishes this purpose is shown in
Fig. 4.

NoTte — Sometimes methods of load application other than the one described
in this appendix are used in the field. If such methods are used, the results should
be correlated with those obtained with the method described in this appendix.

HEAD OF TESTING
MACHINE STEEL ROD

STEEL BALL

TEST SPECIMEN
CYLINDRICAL OR [

LINE BEARING / ' ¥
OVER FULL WIDTH | .
OF SPECIMEN d= &
i ' l
STEEL ROD N , I |
| STEEL BALL
BED OF TESTING . i 4 STEEL CHANNEL
----- rad=—adAh OR PLATE

MACHINE ;;
7. Z

Boapu—"
3
ADJUSTABLE SPAN

" LENGTH L

F1G.4 DIAGRAMMATIC VIEW OF APPARATUS FOR FLEXURE TEST OF CONCRETE BY THIRD-
POINT LOADING METHOD

st

C-2.2 Apparatus for making flexure tests of concrete should be designed
to incorporate the following principles:

a) The distance between supports and points of load upplica‘tion
should remain constant for a given apparatus;

b) The load should be applied normal to the loaded surface of the
beam and in such a manner as to avoid eccentricity of loading;

c) The direction of the reactions shouid be parallel to the direction
of the applied load at all times during the test;

d) The load should be applied at a uniform rate and in such a manner
as to avoid shock; and

e) The ratio of distance between point of load application and nearest
reaction to the depth of the beam should be not less than one.
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C-2.2.1 The directions of lcads and reacuons may be maintained
parailel by judicious use of linkages, rocker bearings, and flexure plates.
Eccentricity of loading can be avoided by use of spherical or roller bearings.

C-3. TEST SPECIMEN

C-3.1 The test specimen shall have a span as nearly as practicable three
times its depth as tested.

C-4. PROCEDURE

C-4.1 The test specimen shall be turned on its side with respect to its
position as moulded and centred on the bearing blocks. The load-applying
blocks shall be brought in contact with the upper surface at the third point
between the supports. If full contact is not obtained between the speci-
men and the load-applying blocks and the supports, due to the surfaces
of the specimen being out of plane, the surfaces of the specimen where
they are in contact with the blocks or supports shall be capped to meet
the requirements given in Appendix E of IS: 456-1957. The load may be
applied rapidly up to approximately 50 percent of the breaking load, after
which it shall be applied at such a rate that the increasc in extreme fibre
stress does not exceed 10 kg per sq cm {or 150 1b per sq in ) per minute.

C-5. MEASUREMENT OF SPECIMENS AFTER TEST

C-5.1 Measurements to the nearest 0-25 cm (or 0-1 in ) shall be made to
determine the average width and average depth of the specimen at the
section of failure.

C-6. CALCULATIONS

C-6.1 If the fracture occurs within the middle third. of the span length,
the modulus of rupture shall be calculated as follows:
Bl
R=
where .
P = modulus of rupture in kg per sq cm (or pounds per
square inch ),
R = maximum .applied load indicated by the testing machine
in kg (or 1b),
= span length in cm (or in}),
b = average width of specimen in cm (or in), and
d = average depth of specimen in cm (or in),
Norz — Weight of the beam is not included in the above caiculation.

*Second revision in 1964.
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C-6.2 If the fracture occurs outside the middle third of the span length
by not more than 5 percent of the span length, the modulus of rupture
shall be calculated as follows:

R = 3Pa
T bd

where
a == distance between line of fracture and the nearest sup-
port measured along the centre line of the bottom sur-
face of the hbeam in cm (or in) and other symhols have
the same significance as given under C-6.1.

C-6.3 If the fracture occurs outside the middle third of the span length
by more than 5 percent of the span length, the results of the test shall be
discarded.

C-7. REPORT

C-7.1 The report shall include the following:

) Identification number,

b) Average width to the nearest 0-25 cm (or 01 in})
c) Average depth to the nearest 0:25 ¢cm (or 0-1 in),
d) Span length in centimetres or inches,

¢) Maximum applied load in kilograms or pounds,

f) Modulus of rupture calculated to the nearest 0-4 kg per sq em
(or 5 1b per sq in),

g) Defects in specimen, and

h) Age of specimen.

a
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