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1S: 1727 - 1967
Indian Standard
METHODS OF TEST FOR
POZZOLANIC MATERIALS

( First Revision)
0. FOREWORD

0.1 This Indian Standard ( First Revision ) was adopted by the Indian
Standards Institution on 24 July 1967, after the draft finalized by the
Pozzolanas Sectional Committee had been approved by the Civil Engineering
Division Council.

0.2 This standard was originally published in 1960. The various provisions
of the standard have been under the review of the Pozzolanas Sectional
Committee, for quite some time. The greater utilization of pozzolanic
materials in the country, the experience with the use of this standard and also
the latest developments in the field of pozzolanic materials has necessitated
a change in the approach to the testing of pozzolanas. In the light of these,
the Pozzolanas Sectional Committee has felt the need to issue this revision, to
incorporate the modification necessary to bring the standard in line with the
present thinking on the subject.

0.2.1 The revision incorporates a number of changes, the most important
of them being — the method of test for specific surface of pozzolana by Blaine
air permeability apparatus, the use of revised grading of standard sand for
various tests, introduction of ‘ absolute volume ’ concept for the test mixtures
for various pozzolanic activity tests, modified method of compaction of test
specimens and a test for specific gravity of pozzolanas.

0.2.2 Thc design of mix for various pozzolamc act1v1ty tests on absolute
volume basis was considered pi‘éfei‘auxc as this would keep the binder p1us
pozzolana volume same as that of binder paste volume in control mix. This
w1ll control thc workablhty, voids and yleld of mortat Wthh are affected by a
(Jlangc in the speruu gravny of pc»zzo;anas If the propﬁnions are Uy
weight alone, any change in the specific gravity of pozzolana will alter
the water rcquirements for the mix and this will have a signiﬁcant eﬁ'ect
on the sucugux with the result that a true assessment of the q‘uanty of
pozzolana would not be possible. Proportioning by weight will also not
glvc true comparlson betwecn the reactivity of two different pozzolanas
because even if Lué‘)’ had equan culCiéﬁC'y‘ in respect of their chemical reactiv-
ity, an artificial difference in the strength will be observed due to diffe-
rence in their speciﬁc gravities in case of proportioning by weight on the

al _ L Ya oo o oae P .

oulcr nanu, 11 [ﬂc ausmul.c voliumecs OLLUPICU Uy UO[H pozz()lanas were KCP(
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1S : 1727 - 1967

constant ( by batching by absolute volume ) such an anomaly would not
occur.

0.2.3 Instead of equating workability on the basis of water requirements
in a cement pozzolana paste, a suitable method to judge the performance
of qualitative workability basis relative to the control mix has been intro-
duced both for lime reactivity test as well as compressive strength test of
cement pozzolana mortars. The Sectional Committee was of the view
that the determination of water requirements merely on cement paste as
specified earlier in the standard may not have sufficient bearing in reflecting
the true workability of mortar because the workability and water require-
ments in cement mortar may be effected by the finer fractions of pozzolana
reducing the particle friction in various sizes of sand grains.

0.3 There are different kinds of pozzolanas used for different purposes in
various construction works. In general, pozzolanas improve certain
properties of concrete, such as workability, cohesiveness, impermeability,
resistance to aggressive waters and also assist in the reduction of heat of
hydration and alkali-aggregate reactivity in hardened concrete. The relative
importance of each of these properties will naturally depend upon the type
and nature of construction. In mass concrete construction, for example,
improvement in workability, reduction of segregation and low heat of
hydration are relatively more important. In hydraulic structures imper-
viousness is of very great importance. Resistance to attack by acids and
sulphate waters is necessary in marine construction in sewage disposal works
and in laying roads over sulphate bearing soils.

0.4 While the only pozzolana which has been extensively used for centuries
in this country is SURKHI or burnt clay pozzolana; the rapid industrializa-
tion of the country is yielding large quantities of industrial wastes like
fly ash, coal ash, etc, which form additional sources for pozzolanas. The
use of fly ash as a pozzolana is well established in a number of countries
abroad, but it has come in vogue in India only recently. Besides these,
there are a large number of pozzolanic clay deposits of stained and impure
kaolins, ferruginous or ocherous earths, altered laterites and bauxites, certain
shales, etc, available in different parts of the country, which yield highly
reactive pozzolanic materials. The Central Road Research Institute,
New Delhi have conducted an all India survey of pozzolanic clay deposits
through the length and breadth of the country and prepared detailed report
of such deposits in each State with suggestions for the mode of industrial
utilization of each of them. The Sectional Committee has already pub-
lished IS: 1344-1959*, IS: 3812 ( Part I )-1966%, IS : 3812 ( Part II )-1966%
and IS: 3812 ( Part III )-1966§. This standard lays down the methods of
test for pozzolanic materials with a view to providing a uniform basis for the

*Specification for SURKHI for use in mortar and concrete. ( Since revised ).
{Specification for fly ash: Part 1 For use as pozzolana.

3Specification for fly ash: Part I For use as admixture for concrete.

§Spccification for fly ash: Part I1II For use as fine aggregate for mortar and concrete.
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IS : 1727 - 1967

assessment of the properties and potentialities of the different pozzolanic
materials.

N B Tha taste ta ha narfarmad an anv

. . .
0.5 The tests to be perfor med on any articular nazanlanic matarial would

.
pafuiuial puasliaiiag aiiaivisne Vv

depend on the purpose for which it is to be used and it is not necessary that
all the tests should be performed on every pozzolana.

0.5.1 Though considered desirable, the test for mortar bar expansion to
indicate reduction of alkali-aggregate reactivity has been omitted from this
standard for two reasons; namely, there are very few localities in India
where alkali-reactive aggregates would be encountered and the problem is
not so serious as it is in some other countries, and the mortar bar test re-
quires strictly controlled conditions whith are available only in a few labo-
ratories, and any lack of control might easily give misleading results.

0.6 In the formulation of this standard due weightage has been given
to international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices in the field
in this country.

0.7 This standard requires reference to the following Indian Standards:

1S:196-1966 Specification for atmospheric conditions for testing
( revised )
*#]S:269-1958 Specification for ordinary, rapid-hardening and low
heat Portland cement ( revised )
1S:460-1962 Spetification for test sieves ( revised )
1S:516-1959 Methods of test for strength of concrete
1S:650-1966 Specification for standard sand for testing of cement
( first revision )
*]S:712-1964 Specification for building limes ( revised )
1S:1199.1959 Methods of sampling and analysis of concrete

1S:1607-1960 Methods for dry sieving

0.8 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, expressing
_the result of a test or analysis, shall be rounded off in accordance with
{11S:2-1960*. The number of significant places retained in the rounded
off value should be the same as that of the specified value in this standard.

k| QAT
de DUVK K

1.1 This standard covers the following tests for pozzolanic materials:
b) Fineness,
¢) Soundness,

" ®Since revised.

J}Rules for roundiug off numerical values ( revised ).
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18 : 1727 - 1967

d) Setting time,

e) Lime reactivity,

f) Compressive strength,

g) Transverse strength,

h) Drying shrinkage,

j) Permeability,

k) Reduction in alkalinity and silica release, and
m) Specific gravity.

2. TERMINOLOGY

2.1 For the purpose of this standard, the definition of terms given in
IS :4305-1967* shall apply.

3. TEST MATERIALS

3.1 Hydrated Lime — Hydrated lime for use in the tests shall conform to
the requirements for hydrated fat lime ( Class C) of IS: 712-1964t and also
to the following additional requirements:
a) The calcium compound present in lime calculated as calcium oxide
shall not be less than 90 percent by weight of the ignited sample.
b) The residue on 212-micron IS Sieve ( see IS : 460-1962% ) shall not
be more than two percent by weight.
3.2 Cement — Cement for use in the tests shall be ordinary cement con-
forming to IS: 269-19588.

3.3 Standard Sand — Standard sand for use in the tests shall conform to
IS : 650-1966|.

4. TEST CONDITIONS

4.1 Temperature and Relative Humidity — Unless otherwise specified
the temperature range within which physical tests may be carried out should
be, as far as possible, 27 4+ 2°C and the relative humidity 65 4- 5 percent
( see IS : 196-19661 ).

5. CHEMICAL ANALYSIS

5.1 Reagents

5.1.1 Quality of Reagents — Unless otherwise specified, pure chemicals
and distilled water (see IS:1070-1960** ) shall be used in the test.

Note — Pure chemicals shall mean chemicals that do not contain impurities which
affect the results of the analysis.

*Glossary of terms relating to pozzolanas, ( Since revised).

1Specification for building limes ( revised ).

1Specification for test sieves ( revised ).

§Specification for ordinary, rapid-hardening and low heat Portland cement ( revised ).
Since revised ).

lISpecification for standard sand for testing of cement (first revision ).

¥Specification for atmospheric conditions for telting ( revised ).

**Specification for water, distilled quality ( revised ).
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IS : 1727 - 1967

. 8.1.2 The following reagents and special solutions are required:

a) Reagents
Hydrochioric acid —spgri-i6
Nitric acid —sp gr 142
Sulphuric acid —sp gr 1'84
Phosphoric acid, —spgrl7
Hydrofluoric acid — 40 per cent

Ammonium hydroxide — sp gr 0-90
Note — The reagents shall be of the analytical reagent quality.
b) Dilute solutions of reagenis — Prepare the following solutions by
diluting the reagent with distilled water:

Hydrochloric acid — 50 percent, 25 percent and cne percent ( v/v )
Nitric acid — 3 percent (2/v)
Ammonium hydroxide — 50 percent ( v/v)

c) Siannous chioride soluiion — Dissolve 50 g of stannous chlioride
in 100 ml of hytirochloric 4cid and dilute to one litre. Keep a
few pieces of pure metallic tin in contact with the solution.

d) Mercuric chloride solution— Prepare a saturated solution by dissolving
56 g in 100 ml of water at room temperature.

c) Mammne_fe cu/h/mtp solution — Dissolve 35 g of crysta alline m nganese

sulphate in 250 ml of distilled water. Add 70 ml f osphorlc

acid (sp gr 1'7 } and 65 ml of sulphuric acid (sp gr 1 84) Dilute
to 500 ml.

f) Standard potassium permanganate solution — Approximately 0-05 N.
Dissolve about 15 g of potassium permanganate in one litre of
distilled water. Allow to stand for a week; filter through asbestos
mat and keep in a dark place after standardizing it with pure
sodium oxalate.

g) Ammonium nitrate solution — Dissolve 2 g of ammonium nitrate in
100 ml of water.
h) Ammonium oxalate solution — Dissolve 50

one litre of water. Also prepare a dilut
gram of salt per litre.

=g

of a ium oxide in
S0 lutlo ntammg one

..... Jr P Lol MNicerlira O PRSI, S,

j) Am"wruum "JUJUgUH PILUJPIMLW JULu’JU” — LJ13dOLIVC 450 g 01 aAllinoOIuIL
hydrogen phosphate in one litre of water.

k) Barium chloride solution — Dissolve 100 g of barium chloride in one
litre of water.

5.2 Preparation of Sample for Analysis — About 100 g of the represen-
S btura ahall ha Amiad Py | maca RN e TQ Qloeen
ALY Mllll}lL Bllall UC air-ar u.u. allu sl. VUl lU PQBB 1 Ju-llllbl Ull 47 JITVL,

The material shall be stored in an air-tight bottle.

b 4
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I8: 1727 - 1967

5.3 Loss on Ignition

5.3.1 Ignite 1°00 g of the air-dried, finely ground sample in a platinum
crucible of 20 to 25 ml capacity by placing it in a muffle furnace at
1000 4 25°C to constant weight ( for about 20 to 30 minutes ). Air should
have free access to the sample to maintain oxidizing conditions. Cool and
weigh the crucible to 0’1 mg and check the loss in weight by a second
heating for 5 minutes and reweighing after cooling.

5.3.2 The percentage loss on ignition nearest to 0'1 shall be calculated as
follows:

Loss on ignition, percent = %— x 100

where
A = loss in weight, and
B = weight of moisture free sample used.

Note — The significance of the determination of loss on ignition will vary according
to the nawrc of the sample. The figure obtained may include loss due to the
oxidation of any carbonaceous matter and gain due to the oxidation of any ferrous iron
present,

5.4 Silica

5.4.1 Fuse one gram of the air-dried, finely ground, sample with about
7 g of anhydrous sodium carbonate in a covered platinum crucible. Raise
the temperature slowly until frothing ceases, then complete the fusion at
1 000°C for 30 minutes, occasionally swirling the melt to ensure thorough
mixing. Quench the melt by immersing the bottom half of the hot crucible
in cold water, then place the crucible and lid in about 100 ml of hot water
contained in a platinum or porcelain evaporating basin. Cover the basin
with a clock glass and add a few drops of absolute alcohol. Then gradually
add 30 ml of hydrochloric acid (sp gr 1°'16 ). Warm until the melt is com-
pletely disintegrated and remove the crucible and lid, washing them
thoroughly and scrubbing them with a rubber-tipped rod. Crush any lumps
remaining in the solution.

5.4.2 Evaporate the solution, obtained from the fusion, to dryness break-
ing up from time to time the crust that forms and hinder evaporation. When
the residue is completely dry, cover the basin with a clock glass and drench
the residue with about 20 m! of hydrochloric acid (sp gr 1°'16 ). Allow to
stand for a few minutes, then add about 75 ml of hot water to dissolve the
salts. Digest on a steam-bath for 5 minutes, then filter through an ashless
filter paper ( No. 40 Whatman paper or equivalent). Transfer the silica
to the filter with a jet of hot water; it is necessary to scrub the basin. Wash
the residue five times with hot dilute hydrochloric acid (one percent)
followed by hot water until it is free from chlorides. Reserve the residue

8
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and paper for the subsequent ignition, and transfer the filtrate and washings
back to the evaporating basin.

.4.3 Agam cvaporatc complctcly to dryncss, cover the basm with a

clock glabs and bake in an air-oven for onec hour at 110°C. Allow to LUU},

then drench the residue with about 20 ml of hydrochloric acid ( sp gr 1°16).
Allow to stand for a few minuta, add about 75 ml of hot water and digest
for 5 minutes on a steam-bath. Filter luruugu another ashless filier pap<r
(No. 40 Whatman paper or equivalent ) transferring the residue to the
ﬁltcr with a _]ct of hot water and scrubbmg the basin with a rubber-tlppcd
rOCl VVasﬂ uvc tlmcs Wl[ﬂ ﬂO[ uu‘utc nyuroquﬁC aClu \OIIC péf':el‘u. },
followed by hot water until the residue is free from chlorides. Reserve the

filtrate and washings for the determination of ferric oxide and alumina.

5.4.4 Place the two residues and papers, without drying, in a weighed

platinum crucible and heat cautiously to dry the residue and char the papers.
Then burn off the carbon and finallv ignite at 1 100 to 1 200°C for 30

A 2a0ed wadal ULl AT LRIVl QAL ALRIRLly spaieit &b - VA A &V R

minutes and then to constant weight. Cool and weigh to obtain the weight
of impure silica.

5.4.5 Moisten the weighed residue with a few drops of dilute sulphuric
acid { 50 percent ) and add about 10 ml of hydrofluoric acid. Evaporate
slowly to dryness on a sand-bath ( or under a suitable radiant heater ) in a
fume-hood. Ignite the dry residue at 1 050 to 1 100°C for five minutes, allow
the crugible to cool and weigh. Subtract the weight of this residue from the
weight of impure silica to obtain the amount of silica in the sample taken.
If the residue weighs more than 5 mg, repeat the treatment with hydrofluoric
and sulphuric acids to ensure that all the silica is removed.

NoTe — For routine anaiysis, treatment with hydrofiuoric acid may be omitied.

$5.4.5.1 To this amount of silica, add the amount of silica recovered
from the residue derived from the combined nremntfah-q of alumina and

ferric oxide as indicated in 5.5 4 and 5.6.1.

5.4.6 Add 05 g of sodium or potassium persulphate to the crucible and
treat below red heat until the small residue or impurities are dissolved in
the melt. Cool, dissolve the fused mass in water, add it to the filtrate and
washings reserved for the determination of the combined alumina and
ferric oxide.

.5.1 To the solution obtained in 5.4.6 ( approximately 300 ml
80°

to 3 g of solid ammonium chloride, warm the solution to abot

0..3
add diluted ammonia solution (50 percent) with stirring until rcci-
pitation appears to be complete. Render the solution just alkaline to

methyl red. Boil the alkaline solution for two minutes, allow t

9
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five minutes for the precipitate to settle and filter through an ashless filter
paper ( No. 41 Whatman paper or equivalent ). Transfer the precipitate
to the filter and wash five times with hot faintly ammoniacal ammonium
nitrate solution (one percent ). Reserve the filtrate and washings and
transfer the precipitate back to the precipitation beaker. Moisten the
paper with hot dilute hydrochloric acid ( 50 percent ) and wash thoroughly
with water adding these washings to the precipitation beaker. Reserve
the paper for ignition. Dissolve the residue in a slight excess of hydrochlo-
ric acid, add one gram solid ammonium chloride and dilute the solution
to about 300 ml with water. Repeat the precipitation as before and when
the precipitation is complete add some macerated filter-paper pulp or filter
accelerator and stir vigorously. Filter through another ashless filter paper
( No. 41 Whatman paper or equivalent) and wash the precipitate frec
from chlorides with hot faintly ammoniacal ammonium nitrate solution and
reserve the precipitate and paper for ignition,

5.5.2 Acidify the combined reserved filtrate with hydrochioric acid and
evaporate to about 150 ml. Make it just alkaline to methyl red with dilute
ammonia solution (50 percent). Any precipitate should be filtered oﬁ'
reprecipitated, washed as before and reserved for ignition. Acidify the
solution or the filtrate' and washings with hydrochloric acid and reserve for
the determination of lime and magnesia.

5.5.3 Place the precipitates and papers reserved for ignition in a weighed
platinum crucible and heat, slowly at first, to dry the precipitates and char
the papers. Burn off the carbon and ﬁna“v ignite the residue at 1 050 to
1100°C to constant weight taking care to prcvcnt reduction. The weight

of combined ferric oxide, alumina and titanium oxide ( together represented
as R.O.) is thus obtained

g3/ saills Oallcl.

5.5.4 If silica is suspected to be carried into the filtrate used for this esti-
mation, proceed as follows:

Treat the residue in the crucible with a drop of water, about 5 ml
of hydrofluoric acid and a drop of sulphuric acid and evaporate
cautiously to dryness. Finally heat the crucible to 1 050 to 1 100°C
for one or two mmutes, cool and ‘weigh. The difference between

this weight and the weight previously obtained represents the
amount of residue silica. Subtract this amount from the wmvht

of combined ferric oxide and alumina found in 5.5.3. Add the same
amount to the silica already determined in 5.4.5.

5.6 Ferric Oxide

5.6.1 A separate determination of the ferric oxide is often not required
but where called for shall be done as follows:

Heat the precipitate (sez Note below ) obtained in 5.5.3 with

fused mfn(cn\m or sodinm nvrmnlnhaﬂ- until eolution ie comn

a3 =22 O SORRISISS P RUSRRLPARST fRidlas SUiatatal &8 SRSl r—-v-
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Dissolve the fused materials in 50 ml of sulphuric acid ( 10 percent )
and evaporate to fumes. Cool, dilute with water, and filter off the
silica washing with hot water. Reserve the filtrate for the deter-
mination of ferric and titanium oxides. Ignite the silica in a
platinum crucible and weigh. Treat to precipitate with 5 ml of
hydrofluoric acid and 2 to 3 drops of sulphuric acid. Evaporate
to dryness, ignite and weigh. The loss in weight represents extra
silica which shou.ld be added to that determined previously in
5.4.5 and also deducted from the weight of the combined oxides,
R;0O,, obtained in 5.5.3.
Nore — Instead of fusing directly in the platinum crucible in which the RgO,, was
ignited, the precipitate may be brushed into a porcelain crucible and then fused thh
potassmm or sodnun pyrosulphatc This avoxds loss of plaunum by thc actlon .of the

£1a
pyrunupnatc, and ng _pmunuuz 18 present in the filtrate to interfere with the iron deter-
mination.

5.6.2 Evaporate the filtrate obtained in 5.6.1 to about 75 ml. Cool and
dilute to 100 ml in a volumetric flask. Add 25 ml of dilute hydrochloric
acid ( 50 percent ) and heat to boiling. Reduce the iron by adding stannons
chloride solution drop by drop from a pipette with constant swirling of the
beaker until the solution is colourless. Then add one drop in excess.
Cool quickly in running water, then add at one stroke 15 ml of saturated
mercuric chloride solution. Allow to stand for 3 minutes and then transfer
with the washing to a 1 000-ml beaker containing 300 m! of cold distilled
water and 25 ml of manganese sulphate solution. Titrate with standard
004 N potassium permaganate solution, added very slowly while stirring
constantly, until a permanent pink end point is obtained, and calculate the
amount of ferric oxide present.

= AN ___. .2 Q.. La.. s earmt b f AU Py 2l mnlacloa_d .. ELO
Jei IALUIGIRR — SUDWaCt I.ll.C Wclslll. Ul ICITIC OXIGC CaiCuie u:u ad> 11 JVek

and the small amount of silica found in 5.6.1 from the total weight of oxides
found undcr 5.5.3 The rcmamdcr is the weight of alumina and of small
aad ~o o Tecamns

amoutiis Ul Ulllcl UMUCS Wlllbll llldy le UC ICPUI i€ as awumina IUI puxpusc

of this analysis,

58 Calcium Oxide — To the filtrate from 5.5.1 reserved after determina-

tion of the combined ferric oxide and alumina, add one gram of ammonium
oxalate. Boil the solution, then add, with stirring, dilute ammonia solution
{50 nerrent\ until the solution is alkahne followed hv an excess of 10 ml

of dilute ammonia solution ( 50 percent ). ‘Cover the beaker with a clock

glass and digest on a water-bath for two hours. Allow to cool and stand,
preferably overnight, then filter through a filter paper ( No. 42 thtman

paper or eqmvalcnt ) and wash the prcc:pxtate “four times with cold
ammonium oxalate solution ( one percent). Reserve the filtrate and wash-
ings for the determination of magnesia.- Wash the precipitate back into the

prcclpltanon beaker. Moisten the filter paper with hot dilute nitric acnd
( 50 percent ) and dilute the solution to about 80 mnl. Add about 0-2

solid ammonium oxalate, boil the solution and nrenmtate the calcium oxal tp

11
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as before. Allow to cool and stand for at least three hours. Filter throuch

OO 41188 208 T ata3t AA3¢L 2108TS. L Y

a filter paper ( No. 42 Whatman paper or equivalent ) and wash the preci-
pitate thoroughly with cold ammonium oxalate solution (one percent ).
Combine the filtrate and wath:no with the solution reserved for the mngn"nln

determination and acidify with hydrochlorxc acid. o

5.8.1 Carcfully ignite the precipitate and papers in a weighed platinum
crucible slowly at first, to burn off the carbon and finally at 1 100°C for
15 minutes. Allow to cool over a good desiccant as the ignited precipitate
is very hygroscopic. Weigh rapidly to obtain the weight of calcium oxide.

5.9 Magnesia — Acidify the filtrate set aside in 5.8 with hydrochloric acid
and concentrate to about 150 ml Add to thls solutxon about 10 ml of
ammonium uym ogcn puuapua.u: \ 150 g ,1 ) and cool the solution uy pldung
in a beaker of ice water, After cooling, add ammonium hydroxide drop by
drop while surrmg constantly untll the crystallme magnesnum ammonium
Pllospualc uegins io uuul, and then add the rca.gcnl in moderate excess
(5 to 10 percent of the volume of the solution ), the stirring being continued
for several mmutcs. Set the solution aside for at lcast 16 hours in a cool
aumospuere and then filter i.iSiiig filter paper \L‘O. 42 Whatman paper or
equivalent ). Wash with ammonium nitrate wash solution. Place in a
welghed platmum crucxble, slowly char the paper and carefully burn off the
resulting carbon. Ignite the precipitate at 1 100°C, to constant weight,
taking care to avoid bringing the pyrophosphate to melting. From the
weight of the magnesxum pyrophosphate obtained, calculate the magnesia

PUSRI OIS BPU, U I

content Ul ulc xud.u:ruu LAKCIL 10 LOSL,

5.10 Sulphuric Anhydride — To one gram of the sample add 25 ml of
cold water and, while the mixture is being stirred vigorously, add 5 ml of
hydrochloric acid. If necessary, beat the solution and grind the material
with the flattened end of a glass rod until it is evident that the decomposition
of the pozzolana is complete. Dilute the solution to 50 ml and digest for
15 minutes. Filter and wash the residue thoroughly with hot water. Set
aside the filter paper with the residue. Dilute the filtrate to 250 ml and heat
to boiling. Add slowly, drop by drop, 10 m! of hot barium chloride solution
and continue the boiling until the precipitate is well formed. Digest the
solution on a steambath for four hours or preferably overnight, Filter the
precipitate with filter paper ( No. 42 Whatman paper or equivalent ), wash,

place the paper and contents in a weighed platinum or porcclam crucible,
and slowly incinerate the paper without inflaming. Then ignite at 800 to
900°C, cool in a desiccator and weigh the barium sulphate. From the
weight of the barium sulphate obtained, calculate the sulphuric anhydride
content of the material taken for test.

5.11 Determination of Solubie Saits — Weigh 25 g of the sample and
transfer to a 500-ml beaker. Add 100 ml of cold distilled water and stir the
contents frequently for three hours. Decant through a filter paper ( No. 42
Whatman paper or equivalent ) into a 500-ml graduated flask, Refilter the

12



1S: 1727 - 1967

filtrate, if necessary, Return the filter paper to the beaker. Add 250 ml
of distilled water and continue the extraction for another 90 minutes. Filter
and wash the material on the filter paper three times with cold distilled water.
Add the filtrate and washings to the first filtrate in the 500-ml flask and
make up to the mark using distilled water. Shake the flask well and pipette
out 200 ml to a weighed platinum dish ( or porcelain dish, glazed inside and
outside ). Evaporate to dryness, and heat to constant weight at 105 to
110°C.

Calculate the percentage weight of the soluble salts as below:
Soluble salts, percent = 10 w

where

w = weight in grams of the dried material.
5.11.1 Ifthe solublc salt content is more than 0°2 percent, analyse it further
for sulphates, chlorides and nitrates in accordance with the relevant standard
methods of chemical analysis.

5.12 Reproducibility of Results — Make blank determinations on the
reagents for each constituent of the pozzolana and apply corrections, where
necessary. In all cases, miake check determinations and repeat if satis-
factory checks are not obtained. The difference between check determina-
tions shall not exceed 0'5 percent for silica and alumina and 0'2 percent
for the other constituents.

6. DETERMINATION OF FINENESS

6.0 The fineness of pozzolana shall be determined by the procedure given
in 6.1 or 6.2 or by both depending upon the requirements of the specification.

6.1 Determination of Specific Surface of Pozzolana

6.1.1 Scope — This method of test covers the procedure for determining
by Blaine air permeability apparatus, the fineness of pozzolana as represented
by the specific surface expressed as total surface area in square centimetres
per gram of material.

6.1.2 Apparatus

6.1.2.1 Noture of apparatus — The Blaine air permeability apparatus
consists essentially of a means of drawing a definite quantity of air through a
prepared bed of definite porosity. The number and size of the pores in a
prepared bed of cement of definite porosity is a function of the size of the
particles and determines the rate of air flow through the bed. The apparatus,
illuétrgc.g in Fig. 1, shall consist specifically of the parts described in 6.1.2.2
t0 6.1.2.8.

6.1.2.2 Permeability cell — The permeability cell shall consist of a rigid
cylinder 12°7 4 1 mm in inside diameter, constructed of glass or non-corroding

13
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Fic. 1 BLAINE AIR PERMEABILITY APPARATUS

metal. The top of the cell shall be at right angles to the principal axis of
the cell. The bottom of the cell shall form an airtight connection with the
top of the manometer. A ledge 0'5 to 1 mm in width shall be an integral part
of the cell or firmly fixed in the cell 50 4+ 15 mm from the top of the cell for
support of the perforated metal disk.

6.1.2.3 Disk — The disk shall be constructed of non-corroding metal
and shall be 0°9 + 0'1 mm in thickness, perforated with 30 to 40 holes 1 mm
in diameter equally distributed over its area. The disk shall fit the inside
of the cell snugly.

14
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6.1.2.4 Plunger — The plunger shall fit into the cell with a clearance of
not more than 0'1 mm. The bottom of the plunger shall have sharp square
edges and shall be at right angles to the principal axis. An air vent shall
be provided either in the centre or on one side of the plunger. The top of
the plunger shall be provided with a collar such that when the plunger is
placed in the cell and the collar brought in contact with the top of the cell,
the distance between the bottom of the plunger and the top of the perforated
disk shall be 15-0 4 10 mm.

6.1.2.5 Filter paper — The filter paper shall be medium retentive
( corresponding to No. 40 Whatman ). The filter paper disks shall be
circular, with smooth edges, and shall have the same diameter as the inside
of the wall. (Filter paper disks that are too small may leave part of the sample
adhering to the inner wall of the cell above the top disk. When too large in
diameter, the disks have tendency to buckle and cause erratic results. )

6.1.2.6 Manometer — The U-tube manometer shall be constructed
according to the design indicated in Fig. 1, using nominal 9 mm outside
diameter, standard-wall glass tubing. The top of one arm of the manometer
shall form an airtight connection with the permeability cell. The mano-
meter arm connected to the permeability cell shall have a line etched around
the tube at 125 to 145 mm below the top of the side outiet and also others
at distances of 15, 70 and 110 mm above that line. A side outlet shall be
provided at 250 to 305 mm above the bottom of the manometer for use in
the evacuation of the manometer arm connected to the permeability cell.
A positive airtight valve or clamp shall be provided on the side outlet not
more than 50 mm from the manometer arm. The manometer shall be
mounted firmly and in such a manner that the arms are vertical.

6.1.2.7 Manometer liqguid — The manometer shall be filled to the mid-
point with a nonvolatile, nonhygroscopic liquid of low viscosity and density,
such as dibutylphthalate ( dibutyl 1, 2-benzenedicarboxylate) or a light
grade of mineral oil.

6.1.2.8 Timer — The timer shall have a positive starting and stopping
mechanism and shall be capable of being read to the nearest 0°5 second or
less. The timer shall be accurate to 05 second or less for time intervals up to
60 seconds and to one percent or less for time intervals of 60 to 300 seconds.
6.1.3 Calibration of Apparatus
6.1.3.1 Sample — The calibration of the air permeability apparatus
shall be made using National Bureau of Standards Standard Sample
No. 114 or any other cement sample having specific surface equal to the
appropriate certificate value of NBS Standard Sample No. 114. The sample
shall be at room temperature when tested.
Note — In the absence of NBS Standard Sample No. 114, samples of Indian cements
having specific surface equivalent to NBS Standard Sample No. 114 may be used; such

samples may be obtained from the ACC Central Research Station, Bombay-Agra
Road, P.O. Wagle Industrial Estate, ( Thana ).

15
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6.1.3.2

Bulk volume of compacted bed of powder — The bulk volume of the

compacted bed of powder shall be determined by the mercury displacement
method as follows:

where

Place two filter paper disks in the permeability cell, pressing

down the edges with a rod slightly smaller than the cell diameter
until the filter diske are flat on the perforated metal disk: then

235228 2220 223300 RRISAS RIC AIRL WL Lall pUIROIRNNU LAiliAs RieR, AAkAs

fill the cell with mercury, removing any air bubbles adhcrmg to
the wall of the cell. Use tongs when handling the cell. If the

cell is made of material that will amaleamate with mercurv, the

LRl 23 JLaA0 O R8N al LRal Waak QINKRIFALLI(/T Wally ki 22s

interior of the cell shall be protected by a very thin film of oil
Jjust prior to adding the mercury. Level the mercury with the
top of the cell by pressing a small glase plate against the mercury
surface until the glass is flush with the surface of the mercury.
Check that no void or bubble exists between the mercury surface

nnr‘ thn olase nlate
ang ing giass pialc,

Remove the mercury from the cell, weigh and record the
cight of mercury. Remove one of the filter disks from the cell.
Using a trial quantity of 2-80 g of cement ( see Note 1 ) compress
the cement ( see Note 2 ) in accordance with 6.1.3.5, with one
filter disk above and one below the samplc. Fill the space
remaining in the top of the cell with mercury, remove
entrapped air, and level off the top as before. Remove the
mercury from the cell, weigh and record the weight of

mercury.

The bulk volume occupied by the cement shall be calci.lated
to the nearest 0°005 cm? as follows:

w,—w,
Ve ——— rerervareens (1
- Q0
V = bulk volume of cement in cm3;
1’ AL v anrsrwer namirivad t4 G11 Aall wva Arrnant alne 2o
" Blal‘w v mu»my [ L!uu\.u \J AL \4\-“’ A4V WOLLIAUVLILY WL AR py vy
ccll

W, = grams of mercury required to fill the portion of the cell
not occupied by the prepared bed of cement in the celi;
and

D = density of mercury at temperature of test in gjcm?
( s¢e Table 1).

At least two determinations of bulk volume of cement shall be

. .
mada ueino eanarate camnactione for aach detearmination The
2NAUT,) WSalE SUPGRI @RI UL AL a0 a0 Catss Al itiiaiiauiUii. aaiv

bulk volume value used for subsequent calculations shall be the,
average of two values agreeing within plus or minus 0°005 cm?.
Tha tamnarature in the vicinitv of tha call echall ha nated and
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recorded at the beginning and end of determination.,
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Note 1 — It is not necessary to use the standard sample for the bulk volume
determination.

No1z 2 — The prepared bed of cement shall be firm. If too loose or if the cement
cannot be compressed to the desired volume, adjust the trial quantity of cement used.

TABLE 1 DENSITY OF MERCURY, VISCOSITY OF AIR (n) AND /1
AT GIVEN TEMPERATURE

( Clause 6.1.3.2)
Roou DenstTY OF Viscostry or /n
TEMPERATURR ® MERCURY AIr, n, Porses

°G g/cm? :

16 13-56 0-0001788 001337
18 13-55 0-000 1798 0-013 41
20 13-55 0-000 1808 0-013 44
22 13:5¢4 0-000 1818 0-013 48
24 13-54 0-000 182 8 001352
26 13-53 0-000 183 7 0-013 55
28 13-53 0-000184 7 0-013 59
30 13-52 0-000 185 7 0-013 62
32 13-52 0-000 186 7 0-013 66
34 13-51 0-000 187 6 0-013 69

*The density of the mercury shall be determined separately.

6.1.3.3 Preparation of sample — The contents of a vial of the standard
cement sample shall be enclosed in a 125 gram jar and shaken vigorously for
2 minutes to fluff the cement and break up lumps or agglimerates.

6.1.3.4 Weight of sample — The weight of the standard sample used for
the calibration test shall be that required to produce a bed of cement having
a porosity of 0°-500 4+ 0:005 and shall be calculated as follows:

W=V (1 =€) oo (2)

where
W = sample required in grams;

¢ = specific gravity of test sample (for Portland cement, a
value of 3°15 shall be used );

¥ = bulk volume of bed of cement in cm?, as determined in
accordance with 6.1.3.2; and

¢ = desired porosity of b=d of cement ( 0-500 3 0005 ).

6.1.3.5 Preparation of bed of cement — The perforated disk shall be seated
on the ledge in the permeability cell. A filter paper disk shall be placed on
the metal disk and the edges pressed down with a rod slightly smaller than the

17
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cell diameter. A quantity of cement determined in accordance with 6.1.3.4
and weighed to the nearest 0-001 g shall be placed in the cell. The side of the
cell shall be tapped lightly in order to level the bed of cement. A filter paper
disk shall be placed on top of the cement and the cement compressed with the
plunger until the plunger collar is in contact with the top of the cell. The
plunger shall then be removed slowly. Use of fresh disks is required for each
determination.

6.1.3.6 Permeability test — The permeability cell shall be attached to
the manometer tube, making certain that an airtight connection is obtained
( see Note 1 ) and taking care not to jar or disturb the prepared bed of cement.

The air in the one arm of the manometer U-tube shall be slowly
evacuated until the liquid reaches the top mark, and the valve shall then be
closed tightly. The timer shall be started as the bottom of the meniscus of
the manometer liquid reaches the second ( next to the top ) mark and shall
be stopped as the bottom of meniscus of liquid reaches the third ( next
to the bottom ) mark. The time interval measured shall be noted and
recorded in seconds. The temperature of test shall be noted and recorded
in degrees centigrade.

In the calibration of the instrument, at least three determinations of
the time of flow shall be made on each of three separately prepared beds of
the standard sample (se¢ Note 2). The calibration shall be made by
the same operator who makes the fineness determination.

Note 1 — If a rubber stopper is used for the connection, it should be moistened with
water; if a standard-taper joint is used, a little stopcock grease should be applied. The
efficiency of the connection may be determined by inserting stopper at the top of the
cell attached to the manometer and then partially evacuating the one arm of the mano-

meter; then closing the valve. Any continuous drop in pressure indicates a leak in the
system.

Note 2 — The sample may be refluffed and reused for preparation of the test bed,
provided that it is kept dry and all tests are made within 4 hours of the opening
of the sample.

6.1.3.7 Re-calibration — The apparatus shall be re-calibrated ( see Note )
at periodic intervals to check:

a) for possible wear on plunger or permeability cell,
b) if any loss in manometer fluid occurs, and

c) if a change is made in the type or quality of the filter paper used for
the test.

Note — It is suggested that a secondary sample be prepared and used as a fineness
standard for the check determinations of the ipstrument between regular calibrations
with the standard cement sample.

6.1.4 Procedure

6.1.4.1 Temperature of the test sample — The pozzolana sample shall be at
room temperature when tested.

18
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6.1.4.2 Size of test sample — The weight of the pozzolana sample used for
the test shall be adjusted so that a firm, hard bed is produced in the cell by
compaction process.

6.1.4.3 Preparation of the bed of test sample — The test bed of pozzolana
sample shall be prepared in accordance with the method described in 6.1.3.5.

6.1.4.4 Permeability test —The permeability ‘test shall be made in
accordance with the method described in 6.1.3.6 except that only one time of
flow determination need be made on one prepared bed of pozzolana.

6.1.5 Calculations — Calculation of specific surface values shall be made
according to the following formulae:
St s 1 — s ENVT
s="t =) VEVT e, (3)
p(l—e)VedVT,
S___S:P'(I_‘:)‘\/;'—;‘/;{\/T .............................. #)
p(l=e)VeEVT, Vn

where
== specific surface in cm?/g of the test sample;

N
§, = specific surface in cm?/g of the standard sample used in
calibration of the apparatus;

p. = specific gravity of standard sample used in calibration of
apparatus ( assumed to be 3.15);

¢, = porosity of prepared bed of standard sample used in
calibration of apparatus;

e = porosity of prepared bed of test sample;

T = measured time interval, in seconds, of manometer drop
for test sample;

p = specific gravity of test sample ( for Portland cement value
of 3.15 shall be used );

T, = measured time interval in seconds of manometer drop for
standard sample used in calibration of the apparatus;

n, = viscosity of air in poises at the temperature of test of the
standard sample used in calibration of the apparatus; and

a = viscosity of air in poises at the temperature of test of the
test sample.

Note 1 —Values for 4/ n and 4/ may be taken from Tables 1 and 2
respectively.

Note 2 — Equation 3 shall be used when the temperature of test and of the test
sample is within =3°C of the temperature of calibration test of the standard fineness
sample, and equation 4 shall be used if the temperature of tests is outside this range.
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TABLE 2 VALUES FOR POROSITY OF CEMENT BED

( Clause 6.1.5)

PorosiTy or Bep, ¢ vrd
0-495 0-348
0-496 0-349
0-497 0-350
0-498 0-352
0-499 0-353
0-500 0-354¢
0:501 0-355
0-502 0-356
0-503 0-357
0-504 0-358
0-505 0-359
0-506 0-360.
0507 9-361
0-508 0-362
0-509 0-363
0-510 0-364
0-525 0-380
0-526 0-381
0-527 0-383
0-528 0-334
0-529 0-385
0-530 0-386
0-531 0-387
0-532 0-388
0-533 0-389
0-534 0-390
0-535 0-391
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6.1.6 Retests — A retest shall consist of two determinations made as
prescribed in 6.1.4 and 6.1.5, using a freshly prepared test bed of the sample
for each determination. Care shall be exercised in the preparation of the
test beds, and precautions shall be taken to ensure an airtight connection
between the permeability cell and the manometer arm. The fineness value
reported shall be the average of the values calculated from retest determi-
nations agreeing within 2 percent of each other.

Notr — If tests are done at ¢ other than 05, the actual porosity value shall be

reported along with fineness value, since it is known that the indicated value for fineness
changes with the decrease or increase ot the value of ¢.

6.2 Determination of Fineness by Sieving

6.2.1 Scope — This method of test covers the procedure for determining
the fineness of particles by a sieve analysis. ‘

6.2.2 Apparatus — Following sieves conforming to IS : 460-1962* shall be

used:
300-micron IS Sieve For dry sieving
150-micron IS Sieve For dry sieving
75-micron IS Sieve For wet sieving
45-micron IS Sieve For wet sieving

Note — Where the requirements in the individual specification for a pozzolanic
material differ from the provisions of this clause, the former shall prevail.

6.2.3 Preparation of Samples — A representative sample shall be taken in
accordance with the sampling procedure given in the respective specification
for the material, and shall be thoroughly mixed. The weight of the
representative sample shall not be less than 200 g. The sample for sieving
shall be prepared from the laboratory samples as described in IS : 1607-1960%.

6.2.4 Dyying Sieving — The sample shall be passed successively through
300-micron IS Sieve and 150-micron IS Sieve, starting with the largest.
Sieving shall be done and the results reported in accordance with IS : 1607-
19601.

6.2.5 Wet Sieving — Separate determinations'shall be made for the percent-
age of material passing 75-micron IS Sieve and 45-micron IS Sieve by wet
sieving.

6.2.5.1 Place 100 g of the material over each of the two sieves. Wash
the material with a jet of water and keep it well agitated. The washing shall
continue till the washings appear no more turbid. Dry the sieve and the
residuc in an oven. Brush the residue from the sieve after drying, and weigh
on a balance sensitive to 0°1 percent of the weight of ‘the test sample. The

*Specification for test sieves ( revised ).
$Methods for dry sieving,
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percentage of maierial passing each sieve on wet sieving shall be reported to
the nearest 0'1 percent by weight of the test sample.

7. DETERMINATION OF SOUNDNESS

7.0 Either of the methods given in 7.1 and 7.2 may be used for determining
soundness of pozzolanic test mixtures.

7.1 ¢ Le Chatelier * Method— The test shall be done as specified in
IS : 4031-1968* Methods of Physical Tests for HydraulicCement’ except
that in place of cement, a mixture of pozzolana and cement in the propor-
tion 02 N: 0'8 by weight, blended intimately shall be used:

where
__ Specific gravity of pozzolana
" Specific gravity of cement
7.2 Autoclave Test — The test shall be done as specified inIS :4031-

1968* except that a mixture of pozzolana and cement in the proportion as
indicated in 7.1 shall be used in place of cement.

7.2.1 When determining soundness by this method, not less than six
specimens shall be tested at a time for arriving at an average result.

8. DETERMINATION OF INITIAL AND FINAL SETTING TIME

8.1 The test for initial and final setting time of pozzolana with lime and
cement shall be done in accordance with the requirements of IS :4031-
1968*  except that a mixture of pozzolana and cement in the proportion as
indicated in 7.1shall be used in place of cement for making the paste. ‘The
determination of standard consistency shall also be carried out in
accordance with IS:4031-1968* using the mixture of pozzolana and
cements in the proportion as indicated in 7.1 instead of cement for making
the paste.

9. DETERMINATION OF LIME REACTIVITY

9.1 Scope — This method of test covers the procedure for determining the
reactivity of the pozzolanic material with hydrated lime, as represented by
compressive strength of standard mortar test cubes prepared and tested
under specific conditions.

9.2 Size and Number of Test Specimens
9.2.1 The tests specimen shall be 50-mm cubes.

®Methods of physical tests for hydraulic cement.
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9.2.2 Unless otherwise specified in the relevant specification for the
pozzolana, three or more specimens shall be made for each period of test
specified.

9.3 Apparatus

9.3.1 Cube Moulds — Moulds for the 50-mm cube specimens shall be of
metal not attacked by cement-pozzolana or lime-pozzolana mortar and there
shall be sufficient strength and stiffness to prevent spreading and wrapping.
The moulds shall be rigidly constructed in such a manner as to facilitate the
removal of the moulded specimen without damage. The moulds shall be
machined so that when assembled ready for use the dimensions and internal
faces shall be accurate to the following limits:

The height of the moulds and the distance between the opposite
faces shall be 50 4+ 01 mm for new moulds, and 50 -4 0:5 mm for
moulds in use. The angle between adjacent interior faces and bet-
ween interior faces and top and bottom planes of the mould shall
be 90 4 0'5 degrees. The interior faces of the moulds shall be
plane surfaces with a permissible variation of 0°02 mm for new
moulds and 005 mm for moulds in use. Each mould shall be
provided with a base plate having a plane surface machined to a
tolerance of 01 mm and made of non-absorbent and non-corrodable
material. The base plate shall be of such dimensions as to support
the mould during the filling without leakage.

9.3.2 Mixjng Apparatus — This shall have components and accessories as
described in 9.3.2.1 to 9.3.2.4.

9.3.2.1 Mixer — The mixer shall be an electrically driven mechanical
mixer of the epicyclic type, which imparts both a planetary and a revolving
motion to the mixer paddle. The mixer shall have at least two speeds,
controlled by definite mechanical means. ( Rheostat adjustment of speed
shall not be acceptable. ) The first or slow speed shall revolve the paddie at
a rate of 140 4- 5 rev/min, with a planetary motion of approximately 62
rev/min. The second speed shall revolve the paddle at a rate of 285 + 10
rev/min, with a planetary motion of approximately 125 rev/min. The
electric motor shall have a power of about 150 W, The mixer shall be
capable of adjustment so that when the bowl is in the mixing position the
clearance between the lower end of the paddle and the bottom of the howl
shall be approximately 2:5 mm but not less than the approximate diameter
of a grain of the standard sand ( see 3.3 ).

9.3.2.2 Paddle — The paddle shall be readily removable, made of stain-
less steel, and shall conform to the basic design shown in Fig. 2. The
dimensions of the paddle shall be such that when it is in the mixing position
the paddle outline conforms to the contour of the bowl used with the mixer,
and the clearance between corresponding points on the edge of the paddle
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and the side of the bowl in the position of closest approach shall be
approximately 4 mm but not less than 0°85 mm.
9.3.2.3 Mixing bowl — The mixing bowl skall be removable and shall
have-a nominal capacity of about six litres. It shall be of the general shape
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shown in Fig. 3. It shall comply with the limiting dimensions shown in
Fig. 2 and shall be made of stainless steel. The bowl shall be so equipped
that it will be positively held in the mixing apparatus in a fixed position
during the mixing procedure. It shall be provided with a lid made of non-
absorbing material and not attacked by the pozzolanic mixture.
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Fic. 3 Mmxine BowL

9.3.2.4 Scraper — The scraper shall consist of a semi-rigid rubber blade
attached to a handle about 150 mm long. The blade shall be about 75 mm
long, 50 mm wide, and tapered to a thin edge about 1'5 mm thick.

9.3.3 Flow Table and Accessories — The flow table and accessories shall
conform to the requirements given in IS:5512-1969*.

*Flow table for use in tests of hydraulic cement and pozzolanic materials,
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9.3.4 Tamping Rod — The tamping rod shall be made of a non-absorptive,
non-abrasive, non-brittle material, such as a rubber compound having a
Shore A durometer hardness of 80 -+ 10 or seasoned teak wood rendered
non-absorptive by immersion for 15 minutes in paraffin at approximately
200°C, and shall have a cross-section of 12 X 25 mm and a convenient
length (125 X 150 mm ). The tamping face shall be flat and at right
angles to the length of the tamping rod.

9.3.5 Trowel — This shall have a steel blade 100 to 150 mm in length
with straight edge.

9.4 Preparation of Moulds — The interior faces of the specimen moulds
shall be thinly covered with mineral oil or light cup grease. After assembling
the moulds, excessive oil or grease shall be removed from the interior faces
and the top and bottom surfaces of each mould. Moulds shall then be set
on plane, non-absorbent base plates that have been thinly coated with mineral
oil, or light cup grease.

9.5 Preparation of Mortar

9.5.1 Clean appliances shall be used for mixing. The tepperature of the
water and that of the test room at the time when the mixing operation is
being performed shall be from 27 + 2°C ( see IS : 196-1966* ).

9.5.2 The dry materials of the standard test mortar shall be lime:
pozzolana : standard sand in proportion 1:2M:9 by weight blended
intimately:

where
Specific gravity of pozzolana
Specific gravity of lime
The amount of water for gauging shall be equal to that required
to give a flow of 70 4 5 percent with 10 drops in 6 seconds as
determined in 9.5.3.
9.5.2.1 The following quantities of materials are suggested for prepa-
ration of mortar:

M=

150 g Hydrated lime
300 x Mg Pozzolana
1350 g Standard sand

These quantities will suffice for preparing six test specimens
according to 9.6.
9.5.3 Determination of Flow

9.5.3.1 Trial mixing — With dry material as specified in 9.5.2 make
trial mortars with different percentages of water until specified flow is

*Specification for atmospheric conditions for testing ( revised ).
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obtained. Make each trial with fresh mortar. The mixing shall be done
mechanically by means of mixing apparatus as described in 9.3.2. Place the
dry paddle and the dry bowl in the mixing position in the mixer. Then
introduce the materials for batch into the bowl and mix in the following.
manner:
a) Place all the mixing water in the bowl.
b) Add the pozzolanic mixture to the water, then start the mixer and
mix at the slow speed ( 140 & 5 rev/min ) for 30 seconds.
c) Add the entire quantity of sand slowly over a period of 30 seconds,
while mixing at slow speed.
d) Stop the mixer, change to medium speed (285 4+ 10 rev/min),
and mix for 30 seconds.
¢) Stop the mixer, and let the mortar stand for one and a half minutes.
During the first 15 seconds of this interval, quickly scrape down into
the batch arly mortar that may have collected on the side of the bowl,
then for the remainder of this interval, cover the bowl with the lid.
f) Finish by mixing for one minute at medium speed (285 + 10
rev/min ).
g) In any case requiring a remixing interval, any morwar adhering to
the side of the bowl shall be quickly scraped down into a batch with
the scraper prior to remixing.

Upon the completion of mixing the mixing paddle shall be
shaken to remove excess mortar into the mixing bowl.

9.5.3.2 Carefully wipe the flow-table top clean and dry and place the
mould at the centre. Place a layer of mortar mixed in accordance
with 9.5.3.1 about 25 mm in thickness in the mould and tamp 20 times with
the tamping rod. The tamping pressure shall be first sufficient to ensure
uniform filling of the mould. Then fill the mould with mortar and tamp as
specified for the first layer. Cut off the mortar to a plane surface flush with
the top of the mould by drawing the straight edge of a trowel ( held nearly
perpendicular to the mould) with a sawing motion across the top of the
mould. Wipe the table top clean and dry, particularly taking care to remove
any water from around the edge of the flow mould. Lift the mould away
from the mortar one minute after completing the mixing operation. Im-
mediately drop the table through a height of 12'5 mm, ten times in six
seconds.

The flow is the resulting increase in average base diameter of the
mortar mass, measured on at least four diameters at approximately equi-
spaced intervals expressed as a percentage of the original base diameter.

9.5.4 The materials for each batch of moulds shall be mixed separately
using the quantities of dry materials, conforming to the proportions specified
in 9.5.2 and the quantity of water as determined in 9.5.3. Mixing of mortar
shall be done mechanically as described in 9.5.3.1.
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9.6 Moulding Test Specimens — Immediately following the preparation
of the mortar in accordance with 9,5.4 place the mortar in a 50-mm cube
mould in a layer of about 25 mm thickness and tamp 25 times with the
tamping rod. The tamping shall be just sufficient to ensure uniform tlling
of the mould. Then fill the mould to overflow and tamp as specified for the
first layer. On the completion of the tamping, the tops of all cubes shall
extend slightly above the tops of the moulds. Cut off the.mortar to a plane
surface flush with the top of the mould by drawing the straight edge
of a trowel ( held nearly perpendicular to the mould ) with a sawing motion
across the top of the mould.

9.7 Storage and Curing of Specimens — Cover the surface of the spe-

cimen in the maould with 2 emaoonth and orazesd olace nlate K eoen the sne-
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cimens with the moulds along with the cover plates under wet gunny bags

for 48 hours. Then remove the specimens from the moulds and cure at
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Samples shall not be cured under water.
Note — This may be achieved by keeping the specimens in a one litre capacity wide

raratbh aa wd s v a maliamlead fonn cbhane wloificee mbanad 2 tha hatenmn

ST the o The platform s sovercd itk o piore of pamch. ~ Water 5 Lept 10 & depih of
about 10 mm at the bottom, below the level of the platform. After placing the speci-
men and fitting the lid, the jar is scaled with insulanon tape and kept in an incubator
adjusted for 50 £ 2°C for eight days.
9.8 Procedure of Test — Remove the specimens after curing for eight
days in the incubator as described above and test for compressive strength
after they reach the room temperature, Test not less than three cubes.
The cubes shall be tested on their sides without any packing between the
cube and steel platens on the testing machine. One of the platens-shall be
carried on a hall and shall be self-adjusting, and the load shall be steadily
and uniforinly applied, starting from zero and at a rate of 35 kg/cm?/min.

9.9 Calenlation — Calculate the compressive strenoth from the rrnd'nnv
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load and the average area over which the load is applied. Express the result
nearest to 1 kg/em?,

9.10 Fauity Cubes and Retests — Cubes that are manifestly fauity or
that give strengths differing by more than 15 percent from the average value
of all test specimens, made from the same sample and tested at the same
period, shali not be considered in determining the compressive strength.
After discarding such cubes, if less than two strength test values are left for
determining the compressive stength at any given period, a retest shall be
made.

10. DETERMINATION 'OF COMPRESSIVE STRENGTH OF
PO ZZOULANA-CEMENT MORTAR
10.1 Scope — This method of test covers the procedure for determining the

comnraecive stranoth of nazzalana martas as nhtainad in standand mantas
compressive swrengin O pozzeiana mortar as CLtainea in stanGard mortar

test cubes prepared and tested under specified conditions.
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10.2 Size of Specimens — The test specimens shall be 50 mm cubes.

10.3 Apparatus— The cube moulds, mixing apparatus, flow table, tamping
rod and trowel shall be the same as specified in 9.3.

10.4 Preparation of Moulds — The moulds shall be prepared in the same
manner as described in 9.4.

10.5 Preparation of Mortar

10.5.1 Clean appliances shall be used for mixing and the temperature
of the water and that of the test room at the time when the mixing operation
is being performed shall be 27 4 2°C ( see IS: 196-1966* ).

10.5.2 The dry materials for the standard test mortar shall be pozzolana :
cement : standard sand in proportion 0°2 N: 0'8:3 by weight, blended
intimately,

where
Ne= Specific gravity of pozzolana
Specific gravity of cement

The amount of water for gauging shall be equal to that required to
give a flow of 105 + 5 percent with 25 drops in 15 seconds as determined
in 9.5.3.

10.5.2.1 The following quantities of materials are suggested for prepara-
tion of the mortar:

100 X VMg Pozzolana
400 g Cement
1500 g Standard sand

These quantities will suffice for preparing six test specimens accord-
ing to 10.6.

10.5.3 The materials for each batch of moulds shall be mixed separately
using the quantities of dry materials, conforming to the proportions given
in 10.5.2 and the quantity of water as determined in accordance with the
procedure given in 9.5.3 to give a flow of 105 + 5 percent with 25 drops in
15 seconds. Mixing of mortar shall be done mechanically as described
in 9.5.3.1.

10.6 Moulding Test Specimens — Immediately after mixing the mortar
in accordance with 9.5.3, place the mortar in 50-mm cube moulds and
prepare test cubes in accordance with the method as given under 9.6.

10.7 Storage and Curing of Specimens — Keep the cubes at a tempera-
ture of 27 £ 2°C in an atmosphere of at least 90 percent relative humidity

*Specification for atmospheric conditions for testing ( revised ).
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for 24 hours after completion of compaction. At the end of that period,
remove them from the mouids and immediately submerge in clean fresh
water and keep there until taken out just prior to breaking. The water
in which the cubes are submerged shall be renewed every seventh
day and shall be maintained at a temperature of 27 4 2°C. After they
have been taken out and until they are broken, the cubes shall not be allowed
to become dry.

10.8 Procedure of Test

10.8.1 Test not less than three cubes for compressive strength for each
of the periods of 7, 28 and 90 days, the periods being reckoned from the
completion of compaction. The compressive strength shall be the average
of the strengths of the three cubes for each period respectively.

10.8.2 The cubes shall be tested on their sides without any packing
between the cube and the steel platens of the testing machine. One of the
platens shall be carried on a base and shall be self-adjusting, and the load shall
be steadily and uniformly applied, starting from zero at a rate of
140 kg/cm?/min.

10.9 Calculation — Calculate the compressive strength from the crushing
load and the average area over which the load is applied. Express the

cozle  mmmang ) APy
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10.10 Faulty Cabes and Retests — Cubes that are manifestly faulty or
that give strengths differing by more than 15 percent from the average value
of all test specimens, made from the same sample and tested at the same
period, shall not be considered in determining the compressive strength.
After discarding such cubes, if less than two strength test values are left for
determining the compressive strength at any given period, a retest shall
be made.

10.11 Corresponding Test on Plain Cement-Sand Mortar Cubes —
For the purpose of comparison, similar tests with cubes from mortar con-
taining no pozzolana shall be carried out as follows:

Not less than three mortar cubes shall be prepared out of a mix
with one part of ordinary Portland cement used in this test and three

mmte L e A3 o 2
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described in 10.5 to 10.9 and their average strength calculated.
11, DETERMINATION OF TRANSVERSE STRENGTH OF THE
PO ZZOLANA-CEMENT MORTAR
11.1 Scope — This method of test covers the procedure for determining
the transverse strength of the pozzolana mortars as obtained on standard
rectangular specimens prepared and tested under specified conditions.
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11.2 Apparatus

11.2.1 Mixing Apparatus — The mixing apparatus shall be same as
specifted in 9.3.2. '

11.2.2 Jolting Apparatus — A typical design of the jolting apparatus is
shown in Fig. 4. The apparatus shall consist essentially of a rectangular
table rigidly connected by two light arms to a spindle at a horizontal distance
of 800 mm from the centre of the table. The tdable shall incorporate on its
lower face a projecting lug with a plane face, beneath which is a small stop
with a rounded upper surface. When the projecting lug rests on the stop,
its plane face and that of the table shall be horizontal. There shall be pro-
vided a cam made of hard or case-hardened steel, by means of which the
table can be raised and then allowed to fall freely from a height of 15 mm
before the lug strikes the stop.

11.2.2.1 The cam shall be driven by means of an electric motor of about
250 W and a reduction gear at a speed of one revolution per second. It is
recommended that the motor be provided with a device which automatically
stops it.after 60 jolts.

11.2.2.2 There shall be arrangements to place the mould shell on the
table in such a way that the length of the three compartments is perpendicular
to the axis of rotation of the cam. The mould shall be located on the table
with the aid of suitable reference marks, so that the centre of the central
compartment is directly above the point of percussion. The mould sur-
mounted by its hopper shall be clamped rigidly to the table, for example, by
means of wing nuts.

11.2.2.3 The combined weight of the table, mould, hopper and clamps
shall be 20 + 1 kg.

11.2.2.4 The apparatus shall be fixed on a concrete base 1 000 x 300
mm and 800 mm high. The base plates of the two frames carrying the cam
and the spindle about which the table rotates shall each be fixed to the
concrete hase by means of four anchor bolts, and when fixing them,
a thin layer of rich mortar shall be placed between the base plates
and the concrete base in order to ensure perfect contact.

11.2.2.5 To reduce noise, the concrete base shall be placed on four
rubber pads of suitable size. The table shall be horizontal when at rest,
and the common normal through the point of contact of the lug and stop
shall be vertical. The lug striking face and the stop shall be replaced as
soon as the above condition is no longer met. Ball bearings shall be em-
ployed for the spindles about which the table and the cam rotate. If plain
bearings are used, the play of the spindles in them shall not exceed 0'1 mm.

11.2.3 Moulds — The moulds shall be made of hard steel not readily
attacked by the pozzolana mortar and shall embody three compartments
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permitting the preparation of three specimens at a time. The internal
dimension of each compartment, when assembled ready for use, shall be:

Length 160 + 04 mm
Width 40 + 0'1 mm
Height 40 4~ 01 mm

11.2.3.1 The mould walls shall be at least 10 mm thick, the internal
opposite faces of 40 X 160 mm shall be plane to within 0'02 mm and the
anola hatwaoaan tha hasa an d tha manld shall ha a0 L Q- R°
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11.2.3.2 The mould shall rest on a machined steel base plate to which it
shall be securely clamped. The mould shall be rigidly constructed but in
such a manner as to facilitate the removal of the moulded specimen
without damage. The base plate shall accurately fit the mould to prevent
any leakage during filling and the parts of the mould when assembled
shall be ensured by suitable methods to be positively held together both
during the filling and subsequent removal of the filled mould from the jolting
apparatus, in order to prevent any damage to the moulded specimen.

11.2.3.3 Each compartment shall, in turn, be surmounted by a hopper
made of steel cr non-ferrous mietal, with vertical walls 20 to 40 mm in height.
During filling, the interior vertlcal surfaces of the hopper shall be within
those of the compartment by a distance not exceeding 0°4 mm.

11.2.4 Apparatus of Transverse Test — The apparatus for testing transverse
strength shall consist of two supports in the form of rollers 10 mm in diameter
and spaced 100 mm apart, where the test prism is placed centrally with one
of its faces resting on them, and of a third roller of the same diameter equi-
distant from the first two and transmlttlng the applied load to the opposite
face of the prism. One of the supporting rollers shall be self-aligning. The
apparatus shall be fixed on to a testing machine which is capable of applying
and measurmg small loads ( less than 1-00 kg ) with an accuracy of one per-
cent in the upper four-fifths of its range.

ii.3 Size and Number of Test Specimens

1.3.1 The specimens shall be in the form of a rectangular bar of dimen-
sions 160 % 40 x 40 mm.

11.3.2 Unless otherwise specified in the relevant specification for the

pozzolana, three or more specimens shall be made for each period of test
specified.
11.4 Preparation of Moulds — In assembling the moulds ready for use,
cover the joints between the parts of the mould with a thin flm of petroleum
jelly and apply a similar coating of petroleum jelly between the contact
surfaces of the bottom of the mould and its base plate in order to ensure that
no water escapes durme' vibration. Treat the interior faces of the mould
with a thin coating of mould oil.
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11.4.1 The mould and its hopper shall be fixed securely on the table of
the jolting apparatus by means of the clamp.

11,5 Preparation of Mortar

11.5.1 Clean appliances shall be used for mixing and the temperature of
the water and that of the test room at the time when the mixing operation
is being performed shall be 27 + 2°C.

11.5.2 The dry materials of the standard test mortar shall be pozzolana :
cement : standard sand in proportion 0°2 N: 0-8: 3 by weight, blended
intimately:

where
N = Specific gravity of pozzolana
Specific gravity of cement
The weight of water shall be equal to half the weight of pozzolana
plus cement in the above mixture.

11.5.3 The materials for each batch of moulds shall be mixed separately
using the quantities of materials, conforming to the proportions given
in 11.5.2. Mixing of mortar shall be done mechanically as described
in 9.5.3.1.

11.6 Moulding Test Specimens — After fixing the mould and its hopper
on the jolting table, introduce directly from the mixer the first layer of mortar
of about 320 g into each of the moulding compartment ( for example, by
using a spoon of known capacity). Spread this layer by means of a steel
plate levelling tool which is to be drawn twice forward and backward along
the mould while pressing its flanges against the top of the hopper. Give
60 jolts to the first mortar layer in 60 seconds. Then introduce a second
identical layer of mortar, level and compact as before. Lift the mould from
the jolting table and remove its hopper. Strike off the excessive mortar
with a metal straight edge held nearly vertical and moved slowly along the
length of the mould with a transverse sawing motion. Then smooth lightly
the surface, using the straight edge held almost flat.

11.7 Storage and Curing of Specimens — After completion of the jolt-
ing, cover the specimens in the mould by steel or rubber sheet and keep them
at a temperature of 27 4 2°C in an atmosphere of at least 90 percent rela-
tive humidity for 24 hours. At the end of that period, remove them from the
mould with due precautions, preferably with the apparatus shown in
Fig. 5. Immediately keep them submerged, preferably standing on end, in
saturated still water until the time for testing. The specimens shall be kept
apart from each other allowing free access of water to all their faces.

11.7.1 The volume of curing water shall be at least four times that of the
test specimens.  Half the curing water shall be replaced every fifteenth day.
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The temperature of curing water shall be maintained at 27 4 2°C. The
specimens shall be taken from the water only less than 15 minutes before test.
In order to satisfv this condition, they shall be transported to the test machine
in a container full of water. They shall then be wiped with a clean cloth so
that any deposit that might have accumulated on them is removed. The
specimens shall not be allowed to become dry until they are tested.

11.8 Procedure of Test — Test not less than three specimens for trans-
verse strength in the apparatus described in 11.2.4 for each of the periods of
7,28 and 90 days, the period being reckoned from the completion of jolting.
The load shall be progressively increased during application at the rate of
5 4+ 1 kg/sec. The transverse strength shall be the average of the strengths
of the three specimens for each period respectively.

11.9 Calculation — The transverse strength of the specimen T, shall be
calculated by the formula:

T=0234P
where
P = applied load in kg at the time of breaking.

The value of T shall be expressed nearest to 1 kgfcm?

11.10 Faulty Specimens and Retests — Specimens that are manifestly
faulty or that give strengths differing by more than 15 percent from the
average value of all test specimens, made from the same sample and tested
at the same period shall not be considered in determining the transverse
strength. After so discarding, if less than three values are left for deter-
mining the transverse strength at any given period, a retest shall be made.

12. DETERMINATION OF DRYING SHRINKAGE IN
PO ZZOLANA-CEMENT MORTAK

12.1 Scope — This method of test covers the procedure for determining the
drying shrinkage of pozzolana-cement mortar as obtained on rectangular
specimens prepared and tested under specified conditions.

12.2 Apparatus

12.2.1 Scale — The scales shall conform to the following requirements:

On scales in use the permissible variation at a load of 1 000 g shall be

4+ 10 g. The permissible variation on new scales shall be one-half of this

value. The sensibility reciprocal shall be not greater than twice the
permissible variation.

12.2.2 Weights — The permissible variations on weights in use in weighing
the cement shall be as prescribed in Table 3.
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TABLE 3 PERMISSIBLE VARIATIONS ON WEIGHTS

( Clause 12.2.2 )
WeigHT PERMISSIBLE WEIGHT Prrurssisre
VARIATION ON VARIATION ON
WeicHTS IN USE, WeicHTS IN Use,
PLus OrR Minus Prus or MinNus
g g g g
500 0-35 20 0-05
300 0-30 10 0-04
250 0-25 5 0-03
200 0-20 2 0-02
100 0-15 1 0-01
50 0-10

12.2.3 Trowel — This shall have a steel blade 100 to 150 mm in length
with straight edges.

12.2.4 Length Comparator — Changes 1 length of the test specimen shall be
measured by a dial gauge or micrometer comparator having a range of at
least 76 mm. The instrument shall be graduated to at least 0:025 mm and,
when tested at any point throughout its range, the error shall be not greater
than -£0°050 mm. The difference between repeated measurements shall be
not greater than 0:025 mm. The comparator shall be equipped with a steel

reference bar having an insulating grip and shall be frequently checked with
this reference bar.

12.2.5 Flow Table — Components, accessories ( including mould ),
mounting and lubrication of flow table shall conform to IS:5512-1969*

12,3 Size and Number of Test Specimens

12.3.1 The test specimens shall be in the form of rectangular bars
25 X 25 mm in section and 250 mm long.

12.3.2 Unless otherwise specified in the relevant specification for the
pozzolana, three or more specimens shall be made for each period of test
specified.

12.4 Preparation of Moulds — The moulds shall be thinly covered with
mineral oil; after this operation the stainless steel or non-corroding metal

reference points shall be set, care being taken to keep them clean and free of
oil.

12.5 Preparation of Mortar
12.5.1 Clean appliances shall be used for mixing, and the temperature of

the water and that of the test room at the time when the mixing operations
is being performed shall be 27 12°C.

*Flow table for use in tests of hydraulic cement and pozzolanic materials.
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12.5.2 The dry materials for the standard test mortar gshall be nozzolana

410 QY I2ALCNa%8 08 VAL Stallisal o114 po- 14

cement: standard sand in proportion 0-2N: 0 é“ 3 by weight, blended
intimately:

where
N= Specific gravity of pozzolana
Specific gravity of cement

The amount of water for gauging shall be equal to that required to
give a flow between 100 and 115 percent with 25 drops in 15 seconds, as
determined in 9.5.3.

12.5.2.1 The following quantities of materials are suggested for pre-

nmation Af tha mvaetnne
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60 X Ng Pozzolana
240 g Cement
900 g Standard sand

12.5.3 The materials for each batch of moulds shall be mixed scparately
using the quantities of dry materiais, conforming to the proportions given
in 12.5.2 and the quantity of water as determined in accordance with the

edure given in 9.5.3 to give a flow of 100 to 115 percent with 25 drops
n i5 seconds. Mixing shaii be done mechanicaily as described in $.5.3.1.
12,6 Moulding Specimens — Immediately following the completion of
m‘vlng’ the test cpprlmhn ghall be moulded in two ]ava each laypr holna
compacted with the thumbs and forefingers by pr&ssmg the mortar into the

corners, around the reference inserts and along the surfaces of the moulds
until a homogeneous sppmmpn i¢ obtained. After the ton Lnu-r has heen

compact.;‘('im;l?g ‘mortar shall be levelled off flush with the top of the mould
and the surface smoothed with a few strokes of the trowel. During the

operations of mixing and moulding, the hands shall be protected by rubber
gloves.

12.7 Procedure of Test

12.7.1 After filling the moulds, place them immediately in a moist room or
moist closet for 24 + 2 hours. Then remove the specimens from the moulds
and immediately immerse in water at 27 - 2°C and allow them to remain
there for six days.

DM O Doarnrn tha cnanimaons fenm tha wwatarn and mansuira fan lanoth
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using a length comparator. Protect specimens against loss of moisture prior
to reading for initial length. The temperature of the test specimens at

of Initial noinamant shall ha ")’7 1. ‘7°f‘ Qtava tha snacimane
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in a closet or room maintained at 27 + 2°C and 50 + 5 percent relative
humidity. Measure the length of the specimens again 28 days after the

VR FLI D'y Dlana tha sanantmane in tha samnavatan wunth the samae
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end uppermost with respect to the position of the specimens as when the
imtml measurcment was made. When making the measurements, the
f ens, comparator, and the reference bar shall be at a temperature
of 27 4+ 2°C

12.8 Calculation -— After the specimens are measured as in 12.7.2 at the
age of 7 and 35 days, calculate the average difference in length of the three
specimens to the nearest 0°01 percent of the effective gauge length, and
report this difference as the drying shrinkage.

13. DETERMINATION OF THE PERMEABILITY OF THE
POZZOLANA-CEMENT MORTAR

13.1 — This method of test covers the procedure for determining the
permeability to water of the pozzolana mortar prepared and cured under
specified conditions, by measuring the percolation of water through standard
cylindrical specimens.

13.2 Apparatus

13.2.1 Permeability Unit — The permeability unit shau consist of a speci-
men container ring of 100 mm diameter and 50 mm high, held between a
bottom plate and a water cell. The hydraulic head for testing shall be
obtained by connecting the unit to a compressor through a water pressure
vessel. A pressure regalator and pressure gauge shall be included between
the compressor and the water pressure vessel to indicate the test pressure.
Water percolating through the specimen shall be collected in a container.
Typical details of an individual unit are given in Fig. 6 and 7. The water
cell shall be 100 mm diameter brass cylinder and the top and bottom plates
shall be either of brass or any other non-corroding metal. The connecting
pipeline from the water cell to the water pressure vessel shall also be of non-
corroding metal or of hard board polythene. This requirement is necesssary
since the tests last over a number of days in which mild steel or similar ma-
terials will get corroded and the rust formed will coat the top of the speci-
mens and affect the permeability. The connection of units to the air cylinder
shall be done with armoured heavy-duty rubber hose.

13.2.2 Rammer — A rammer of the type shown in Fig, 8 shall be used to
compact the mortar. The rammer shall consist of a plunger weighing
500 +5 g which shall fall freely through a height of 150 4 1 mm in a tubular
guide. The base of the plunger shall have a diameter of 50 & 1 mm.

13.3 Materials
13.3.1 The dry materials for the standard test mortar shall be pozzolona :
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Fic. 8 SreciMEN COMPACTING APPARATUS

cement : sand in proportion 0-2N: 0'8 : 5 by weight, blended intimately,
where
Ne= Specific gravity of pozzolana
Specific gravity of cement
13.3.2 The amount of water for gauging shall be equal to that required to

give a flow of 105 4- 5 percent with 25 drops in 15 seconds as determined
in 9.5.3.

13.3.3 Sand — The sand to be used in the preparation of mortar for this
test shall be natural, rounded siliceous sand with a maximum possible amount
of quartz. The sand shall preferably be obtained from Ennore. The
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particle size distribution, determined by sieving, shall be between the limuts:
given below:

Om uurmuanve MWIMG ( I' ercent }
2:00-mm IS Sieve 0
1:70-mm IS Sieve 545
1'00-mm IS Sieve 3345
500 micron IS Sieve 67 + 5
150 micron IS Sieve 88+ 5
75 micron IS Sieve 98 + 2

13.4 Preparation of Mortar

13.4.1 Clean appliances shall be used for mixing, and the temperature
of the water and that of the test room at the time when the mixing operation
is being performed shall be 27 4+ 2°C.

13.4.2 The materials for each batch of moulds shall be mixed separately
using the quantities of dry materials, conforming to the proportions given
in 13.3.1 and the quantity of water as determined in accordance with the
procedure given in 9.5.3 to give a flow of 105 4 5 percent with 25 drops in
15 seconds. Mixing shall be done mechanically as described in 9.5.3.1.

13.5 Preparation of Specimens — The container ring shall be glvcn a
thin coating of neat cement slurry and the mortar shall be placed in it in
two layers. Each layer shall be compacted with 10 blows of the rammer
described in 13.2.2, falling freely through a height of 150 + 1| mm in its
tubular guide. During compaction the guide of the rammer shall remain
in contact with the wall of the container ring. It shall be moved through a
uniform distance after each blow so as to cover the entire periphery of the
container ring after 10 blows. After compaction the top of the specimen
shall be levelled off with a 12 mm diameter rod slowly and firmly moved over
the surface. No trowelling or other type of surface finish shall be allowed

13.6 Curing and Secenpe of Specimens — Keep the container ring with

the specimens at a temperature of 27 + 2°C in an atmosphere of at least
90 percent relative humsidity for 24 hours. At the end of that period, sub-
merge the specimens in clean fresh water and keep there for 27 days, and
take it out just prior to testing. The water in which the specimens are sub-
merged shall be renewed every seventh day and shall be maintained at a
temperature of 27 + 2°C.

13.7 Procedure of Test — The specimens shall then be fitted into the
testing apparatus as shown in Fig. 6. Wata' shall be pourcd into the water

ceil till it is nearly filied. The water iniet shail then be closed with the lid
screwed tight.
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An initial pressure of about 0'5 kgfcm? shall be applied to the
water and from time to time the collecting container shall be taken out and
weighed to determine the rate of percolation. The rate of percolation will
be comparatively high in the initial stages and will then become stabilised.
At this stage the pressure shall be increased again by 0'5 kg/cm? and this
procedure repeated until a final pressure of 2 kg/cm? is reached. When a
stable flow has been reached at this pressure readings of the percolation shall
be taken at fixed intervals of time for 8 hours.

The test shall be carried out at a temperature of 27 + 2°C. For each
test three specimens shall be tested at a time.

138 Calculation — The coefficient of permeability shall be calculated
from the formula:

Qs
K= waTh
where
K = coefficient of permeability in cm/sec/unit gradient,
Q = quantity of water collected in g,
s = thickness of the specimens in cm,
w == density of water in gfcm? normally equal to one,
a = area of cross-section of the specimen in cm?,
T == time of collection in seconds, and
h = net pressure head on the specimen in cm of water.

The average for three specimens shall be reported as the permeability
of the mortar.

13.9 Famity Specimens and Retests — Specimens that are manifestly
faulty or that give permeability values differing by more than 15 percent
from the average shall not be considered. In such cases, a retest shall be
made.

14. REDUCTION IN ALKALINITY AND SILICA RELEASE BY
POZZOLANA

14.1 Scope — These tests will help to find out the effectiveness of a few
pozzolanas in reducing the harmful effects of alkali-aggregate reaction in
concrete. However, the tests are not applicable to all types of pozzolana.

14.2 Apparatus

14.2.1 Reaction Containers — These shall be of 50 to 75 ml capacity, made
of stainless steel or other corrosion-resistant material and fitted with
air-tight covers.

4“4
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14.3 Reagents

a) Unless otherwise indicated, all reagents used shall be analytical
reagents. Water used shall be distilled water, unless otherwise
stated.

b) Standard sodium hydroxide — Prepare a 1:000 4 0:010 N sodium
hydroxide, solution and standardize to 4 0001 . Use water
that has been boiled until free of carbon dioxide for preparing the
solution,

c) Hpydrochloric acid — sp gr 1°16.

d) Standard hydrochloric acid — Prepare approximately 005 N hy-
drochloric acid and standardize to 4 0:000 1 ¥, Standardize

the hydrochloric acid, for each day’s tests, against an approximately
005 N standardized sodium hydroxide solution.

€) Phenolphthalein indicatory solution — Dissolve one gram of phenol-
phthalein in 100 ml of ethanol (1:1).

14.4 Initial Preparation

14.4.1 Weigh out three representative portions of the pozzolana, each
of 12:50 4- 0:05 g. Place one portion in each of the three reaction con-
tainers and add 25 ml of the 0-001 N sodium hydroxide solution. To a
fourth reaction container, add 25 ml of the standard sodium hydroxide solu-
tion to serve as a blank, Seal the four containers and gently swirl them to
liberate trapped air.

14.4.2 Immediately after the containers have been sealed, place them in
a liquid bath maintained at 800 4+ 1-0°C. After 24 4+ } h, remove the
containers fram the bath and cool them under running water for 15 4+ 2
minutes to below 30°C.

14.4.3 Immediately after the containers have been cooled, open them
and filter the solution from the total residue. Use a porcelain Gooch cruci-
ble fitted with a disk of rapid low-ash filter paper, setting the crucible in a
rubber holder in a funnel. Place a dry test tube of 35 to 50 ml capacity in
the filter flask to collect the filtrate and seal the funnel in the neck of the
filter flask. With the aspirator in operation or the vacuum line open, decant
a small quantity of the solution into the filter paper so that it will seat properly
in the crucible. Without stirring the contents of the container, decant the
remaining free liquid into the crucible. When the decantation of the liquid
has been completed, discontinue the vacuum and transfer the solids remain-
ing in the container to the crucible and pack in place with the aid of a
stainless steel spatula. Then apply and adjust the vacuum to approximately
380 mm of mercury. Continue the filtration until further filtration yields
filtrate at the approximate rate of one drop every 10 seconds. Reserve the
filtrate for further tests. Record the total time for which the vacuum is
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applied as the filtration time. Every effort shall be made to achieve an equal
filtration time for all samples in a set, by uniformity of procedure in the
assen;)bly of the filtration apparatus and the packing of the solids in- the
crucible.

14.4.4 Filter the blank according to the procedure described in 14.4.3.
Apply the vacuum for the same length of time as the average filtration time
for the three specimens.

14.4.5 Immediately following the completion of filtration, stir the filtrate
to assure homogeneity. Then take an aliquot of 10 ml of the filtrate and
dilute with water to 200 ml in a volumetric flask. Reserve this diluted solu-
tion for the determination of dissolved silica and reduction in alkalinity.

Note — In some cases, it may become necessary to add more than 25 ml of sodium
hydroxide solution either due to the solution becoming viscous or to the formation of a
gel. In such cases, the quantity of sodium hydroxide may be increased.

14.5 Silica Release Test

14.5.1 Transfer 100 ml of the dilute solution to an evaporating dish,
preferably of platinum. For the sake of celerity in evaporation, add 5
to 10 ml of hydrochloric acid and evaporate to dryness on a steam-bath.
Without heating the residue any further, treat it with 5 to 10 ml of hydro-
chloric acid, and then an equal amount of water, or at once pour 10 to 20 ml
of hydrochloric acid ( 50 percent ) upon the residue. Cover the dish and
digest for 10 minutes on the bath or a hot-plate. Dilute the solution
with an equal volume of hot water ( s¢e Note ) and reserve the residue.

Nore — The washing of silica precipitates can be made more effectively by using hot
hydrochloric acid ( one percent ) and then completing the washing with hot water.

14.5.2 Again evaporate the filtrate to dryness, baking the residue in an
oven for one hour a 105°C to 110°C. Take up the residue with 10 to
15 ml of hydrochloric acid ( 50 percent ) and heat on the bath or hot-plate.

14.5.3 Dilute the solution with an equal volume of hot water and obtain
and wash the small amount of silica it contains on another filter paper.

14.5.4 Transfer the papers containing the residue on to a platinum cruci-
ble ( see Note ). Dry and ignite the papers, first at a low heat until the car-
bon of the filter paper is completely consumed without inflaming, and finally
at 1 100°C to 1 200°C until a constant weight is reached.

Note — The empty crucible may be weighed if one wishes to know for his own
information, the magnitude of impurities in the residue of silica.

14.5.5 Treat the silica thus obtained, which will contain small amounts
of impurities, in the crucible with a few drops of water, about 10 ml of
hydrofluoric acid, and one drop of sulphuric acid, and evaporate cautiously
to dryness. Finally heat the residue at 1 050°C to 1 100°C for 1 to 2 minutes
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cool and weigh. The difference between this weight and the weight previ-
ously obtained represents the amount of silica.

14.5.6 Make a blank determination, following the same procedure as
described in 14.5.1 to 14.5.4 using the same amount of dilute solution from
the blank and the same amounts of reagents.

-a [y JY o VUG WS [NV, IR, | USSR SV, S FRIPY. SEPNIER. SO | SR o) P
14.5.7 Calculate ihe silica conceniration in the solution originally filtered

{ ses 14.4.3 ) as follows:
S¢ = ( Wy — W, ) X 3330 ( see Note )

where
St = concentration of silica in millimoles/litre in the original
filtrate,
W, = grams of silica found in 100 ml of the dilute solution, and
W, = grams of silica found in the blank.
Note — The dilute solution analysed is equivalent to 5 ml of the original or
(W, — W) x 1000

ENDE millimoles of silica consequently ene litre of the original filtrate

would contain ‘;ﬁ x LO90 x (Wy— W) or 3330 ( Wy — W )millimoles of silica.

14.6 Reduction in Alkalinity
14.6.1 Transfer a 20 ml aliquot of the dilute solution obtained as in 14.4
to a 125 mi Erienmeyer flask. Add 2 or 3 drops of phenoiphthalein solution,
and titrate with 0°05 N hydrochloric acid to the phenolphthalein end point.
14.6.2 Calculate the reduction in alkalinity as follows:

20§
Re=‘71‘ (V,—-V,)XIOOO

R, = the reduction in alkalinity, millimoles/litre;

N = normality of the hydrochloric acid used for titration;

¥, = volume of dilute solution used in ml;

Vs = volume of hydrochloric acid used in ml to attain the
phenolphthalein end point in the blank; and

¥s = volume of hydrochloric acid used in ml to attain the
phenolphthalein end point in the test sample.

15. DETERMINATION OF SPECIFIC GRAVITY

15.1 Apparatus

15.1.1 The standard ‘Le chatelier’ flask conforming to the dimensions
shown in Fig. 9 shall be used.
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GROUND GLASS - 1ne
STOPPER ;
] ml
—23 24
E x_/'(
— 6 mi CAPACITY
22 AT 20°C

ENLARGED DETAIL AT X

243

TWO 01 mi GRADUATIONS
EXTENDING ABOVE 1 AND
BELOW 0 MARK

17 mit CAF;ACITY
AT 20 C

CAPACITY OF BULK
250 mt APPROX

b= 909

Norz — Variations of a few millimetres in such dimensions as total height of flask,
diameter of base, etc, are to be expected and will not be considered sufficient cause for
All dimensions in millimetres.

Fi6. 9 ‘Le CoATERLIER’ FLASK FOR Speciric GraviTy TEsT
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15.1.2 Water Bath — A suitable water bath to accommodate the ‘Le
chatelier’ flask shall be used.

15.2 Material — Kerosine free of water or naptha having a specific gravity
not less than 0-7313 shall be used.

15.3 Procedure

15.3.1 Specific gravity of pozzolana shall be determined on the material
as received, unless otherwise specified.

15.3.2 Fill the flask with kerosine or naptha to a point on the stem between
the zero and the 1 ml mark and replace the stopper. Then immerse the
fiask in a constant temperature water bath, maintained at about room
temperature, for sufficient interval to avoid variations greater than 4 0-2°C
in the :lcax:lkpcrature of the liquid in the flask. Take the reading of the liquid
in the .

15.3.3 Introduce a weighed quantity of pozzolana into the flask, taking
care that no portion of it adhere to the inside of the flask above the liquid,
by slightly vibrating the flask. Replace the stopper and roll the flask in an
inclined position to expel any air bubble in the pozzolana. The level of the
liquid will be in its final position at some point of the upper series of gradua-
tions. The reading shall be taken after the flasks immersed in the water bath.

Note 1 — A rubber pad on the table may be used when filling or rolling the flask.
Note 2 — The flask may be held in a vertical position in the water bath by means of
a burette clamp.

15.4 Calculation — The difference between the first and final readings
represents the volume of liquid displaced by ‘the weight of cement used in
the test. Specific gravity shall be calculated as follows:
. ... _ Weight of pozzolana in g
Specific gravity = Displaced volume in ml
15.5 Reproducibility — Duplicate determination of specific gravity by
this method shall agree within 0-01.
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AMENDMENT NO. 1 OCTOBER 1991
TO
1S1727: 1967 METHODS OF TEST FOR POZZOLANIC
MATERIALS
( First Revision }

( Page 6, clause 3.1 ) — Substitute the following for the existing clause :

‘3.1 Hydrated Lime — Standard hydrated lime supplied by National Council for
Cement and Building Materials, New Delbi shall be used in the tests. The
standard hydrated lime shall bave the following composition :

CaO — 96 + 0.5 percent
MgO — 14+0.5 percent
SiO2, Max — 1.0 percent
Insoluble residue, Max — 1.0 percent

( Page 6, clause 3.2 ) — Substitute the following for the existing clause:
‘3.2 Cement — Cement for use in the tests shall be 33 grade ordinary Portland
cement conforming to IS 269 : 1989.°

( Page 6, clause 5.1.1 ) — Substitute ‘IS 1070 : 1977’ for ‘IS 1070 : 1960°.

( Page 6, foot-notes ) —- Delete foot-notes No. 2 and 3, and substitute

*Specification for 33 grade ordinary portland cement (fourth revision) * for ‘Specification for
ordinary, rapid-hardening and low heat Portland cement (revised)’; and ‘Specification for
water for. general lahoratory use (second revision)’ for ‘Specification for water, distilled quality
(revised).’

( Page 28, clause 9.7, Note ) — Substitute the following for the existing note:
‘NOTE ~— For curing the specimen at the specified relative humidity and lcmgratun as given

above, it is recommended that the controlled humidity and temperature chamber developed by
National Council for Cement and Building Materials may be used for proper performance.’

(CED2)

Printed at Simco Printing Press, Dethi, India



AMENDMENT NO. 2 JUNE 2013
TO
IS 1727 : 1967 METHODS OF TEST FOR
POZZOLANIC MATERIALS

(First Revision)
(Page 7, clause 5.2, sentence 1) — Insert the following after sentence 1:

‘Keep about 10 g sample in a large glass Petri dish and spread it evenly into a
thin layer. Put it in the oven maintained at 105 °C + 5 °C for 1h to remove any
superficially adsorbed moisture. Take it out and keep in a desiccator and cool it
to room temperature for chemical analysis.’

(Page 8, clause 5.3) — Substitute the following for the existing clause:
‘5.3 Loss on Ignition

Heat about 1g of oven dried sample, m, (accurately weighed up to four decimal
place) for 15 min in a weighed and covered platinum crucible (a porcelain
crucible may also be used) of 20 to 25 ml capacity by placing it in a muffle
furnace at a temperature between 900 °C and 1 000 °C; cool and weigh. Check
the loss in mass by a second heating for 5 min and reweigh (m,). Calculate the
loss on ignition as follows:

. .. m] - mZ
Percent loss on ignition = x100

m

Round off the calculated value and report up to 1 decimal place.

NOTE — The significance of the determination of loss on ignition shall vary according to the
nature of the sample. The figure obtained may include loss due to the oxidation of any

carbonaceous matter and gain due to the oxidation of any ferrous iron present.’
(Page 8, clause 5.4.1, line 1) — Substitute 'Fuse about 1g of the oven dried
(accurately weighed up to four decimal places)' for 'Fuse one gram of the air
dried'.

(CED 2)

Reprography Unit, BIS, New Delhi, India
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