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Indian Standard 

METHODS OF TEST FOR- AGGREGATES 
FOR CONCRETE 

PART VIII PETROGRAPHIC EXAMINATION 

0. FOREWORD 

0.1 This Indian Standard ( Part VIII) was adopted by the Indian 
Standards Institution on 26 October 1963, after the draft finalized by 
the Cement and Concrete Sectional Committee had been approved by 
the Building Division Council. 

0.2 One of the major coctributing factors to the quality of concrete is 
the quality of aggregates used therein. The test methods given in this 
standard are intended to assist in assessing the quality of aggregates. 
In a given situation, for a particular aggregate, it may not be necessary 
to assess all the qualities and, therefore, it is necessary to determine 
beforehand the purpose for which a concrete is being used and the 
qualities of the aggregate which require to be assessed. Accordingly, 
the relevant test methods may be chosen from amongst the various tests 
covered in this standard. For the convenience of the users, the test 
methods are grouped into the following eight parts of Indian Standard 
Methods of Test for Aggregates for Concrete ( IS : 2386-1963 ): 

Part I Particle Size and Shape 

Part II Estimation of Deleterious Materials and Organic 
Impurities 

Part III g:;zci; Gravity, Density, Voids, Absorption and 

Part IV Mechanical Properties 

Part V Soundness 

Part VI Measuring Mortar Making Properties of Fine Aggre- 
gate 

Part VII Alkali Aggregate Reactivity 

Part VIII Petrographic Examination 

0.3 The Sectional Committee responsible for the preparation of this 
standard has taken into consideration the views of concrete specia- 
lists, testing authorities, consumers and technologists and has related the 
standard to the practices followed in this country. Further, the need 
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for international co-ordination among siandards prevailing in different 
countries of the world has also been recognized. These considerations 
!ed the Sectional Committee to derive assistance from the published 
standards and publications of the following organizations: 

American Society for Testing and Materials 
United States Department of the Interior Bureau of Reclamation 

0.4 Wherever a reference to any Indian Standard appears in these 
methods, it shall be taken as a reference to its latest version. 

0.5 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 IS : 2-1960 Rules for Rounding Off Numerical Values 
( Revised ). The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this 
standard. 

0.6 Thii standard is intended chiefly to cover the technical provisions 
I-elating to testing of aggregates for concrete, and it does not include all 
the necessary provisions of a contract. 

1. SCOPE 

1.1 This standard fPart VIII) covers two methods of petrographic 
examination of aggregates for concrete. Method I may be adopted for 
routine purposes and Method 11 for detailed investigations. Method II 
shall be treated as a reference method. 

2. METHOD I 

2.1 Object- This test ivlvolves visual inspection, and a segregation of 
the constituents of coarse and fine aggregates according to petrographic 
and chemical diirvrences. 

2.2 Apparates 

2.2.1 Screens conforming to the IS Sieve designations given below: 

150 micron, 300 micron, 600 micron, 1.00 mm, 2.: S mm, 475 mm, 
10 mm, 125 mm, 20 mm, 25 mm, 40 mm, 50 mm and 89 mm. 

22.2 A balance having a capacity of 2 kg and sensitive to O-1 g. 

22.3 An anvil and hammer suitable for breaking pebbles. The anvil 
shall be set in a tray or otherwise arranged so as to keep loss of rock. 
chips to a minimum. 
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2.2.4 Hand Ien!, stereoscopic microscope, petrographic microscope, 
and auxiliary qurpmcnt neccsrary for adequate petrographic examina- 
tion and, identification of rocks and minerals. 

23 Proadam 

23.1 Sufficient aggregate shall be roughly screened to provide at 
least the following quantities of the various sixes: 

S&e of Aggregarc Weight 

4Oto2Ommm &lo 
20to 10mm 1000 
10 to 4.75 mm 200 

475 mm to that retained on 236-mm IS Sieve 100 

Passing through 2.36mm IS Sieve and retained 
on 1*00-mm IS Sieve 50 

Passing through l*OO-mm IS Sieve and retained 
on 6004nicron IS Sieve 25 

Passing through 600-micron IS Sieve and retain- 
ed on 300-micron IS Sieve 25 

Passing through MO-micron IS Sieve and retain- 
ed on 150-micron IS Sieve 25 

Passing through 1so;micron IS Sieve to pan 10 

233 Examination of the a 
ggre%F 

tc shall be performed by a ualificd 
petrographer who is familial Gt the problems of concrete. L ch of 
the above size fractions shall be examined individually. 

233 Each fraction shall be examined to establish whether the particles 
are coated with mineral substances (such as opal, calcium carbonate, or 
gypcum), silt or clay. Organic coatings may also occur. If such coat- 
ings are present, they shall be identified and evaluated by petro raphic 
or chenucal techniques. The potential physical and chemical cfF ccts of 
the coating on qualrty and durability of concrete shall be recorded. If 
coatings are present, the aggregate shall bc washed, after preliminary 
examination, to remove the coatin . The sample shall be dried in an 
oven at 105 to llw, observing t % c degree of agitation and extent to 
which the coating substances or soft particles are disintegrated and 
removed. The sample shall be further cxamincd to determine particle 
shape and other pertinent properties. 

23A The coarse a 
Fr 

egate fractions shall be examined particle by 

!$ntiscd by a hand lens or microkopc. 
rticle each pit-tic e being broken on the anvil with hammer ) and 

The individual particles shall 
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be segregated according’ to three criteria, that is (a) petrographic 
identity, (b) physical condition, and (c) anticipated chemical stability 
in concrete. Each category is classified by name ( for example, graniti, 
sandstone, limestone, and weathered basalt ) and a designation of quality 
determined according to the following scale: 

a) Physical Quality 
1) Good aggregate particles which contribute to superior 

strength, durability, and abrasive resistance of concrete 
under any climatic condition. 

2) Satisfactory aggregate particles which contribute to high or 
moderate strength, abrasive resistance, and durability of 
concrete under any climatic condition. 

3) Fair aggregate particles which contribute to moderate 
strength, durability, and abrasive resistance under ideal 
conditions, but might contribute to physical breakdown of 
concrete under rigorous conditions. 

4) Poor aggregate particles which contribute to low strength 
and poor durability of concrete under any climatic condi- 
tion, and cause physical breakdown of concrete under 
rigorous climatic conditions. 

b) Chemical Quulitv 
1) Innocuous aggregate particles which do not participate in 

alkali-aggregate reactions harmful to concrete. 

2) Deleterious aggregate particles which produce adverse effects 
on concrete through chemical reactions between particles 
and cement alkalies. Known reactive substances are the 
silica minerals, opal, chalcedony, tridymite, and cristobalite, 
zeolite, heulandite (and probably ptilolite), glassy to 
crypto-crystalline rhyolites, dacites and andesites and their 
tuffs, and certain phyllites. If significant proportions of 
deleterious particles are present in an aggregate, the use of 
low alkali cement or an effective combination of Portland 
cement and pozzolana shall be recommended. 

2.3.4.1 After analysis is completed, the particles in each category 
shall be weighed ( or counted ) and their proportions shall be calculated 
as weight percentages of the whole sample. 

23.5 Each fraction of fine aggregate shall be examined under a 
binocular microscope. Ordinarily, complete segregation of fine aggre- 
gate fractions shall not be required, but physically unsound or chemically 
deleterious particles shall be segregated and petrographically identified, 
and appropriate designation of quality shall be indicated. The frac- 
tions passing the 300-micron IS Sieve shall be generally examined 
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in immersion oils under the petrogfaphic microscope to determine the 
presence and approximate quantity of any unsound or deleterious 
rdbstances. 

2.4 Beportiq the Petrographic Examination 

2.4.1 .FoTlowing completion of his examination and analysis, the 
petrographer shall prepare a report summarising his observations and 
conclusions regarding the suitability of the aggregate under the anti- 
cipated conditions of service, and indicating any necessary qualifications 
as to its use, or the need for special tests to elucidate the significance of 
particular properties. 

2.4.2 The petrographic analysis of commonly found aggregates is 
illustrated in Tables I and II which indicate for each constituent its 
petrographic identity, iis proportion, its fundamental characteristics, 
and the petrographer’s estimate of its physical and chemical quality. 

3. lb4ETHOD II 

3.1 Object - This recommended practice outlines procedures for the 
petrographic examination of samples representative of materials proposed 
for use as aggregates in concrete. The specific procedures employed in 
the petrographic examination of any sample will depend to a large 
extent on the purpose of the examination and the nature of the 
sample. 

&TE - Petrographic examinations 81% m8de for the following purpoeee: 

a) To determine the phpsiosl end ohemiosl properties of the meteri 
th8t m8y be obeervsd by petrogr8phio methods and that have 8 beer- 
ing on the quality of the material for ite intended uee, 

b) To desoribe snd ol8eeify the oonstituenta of the eemple, and 

o) To determine the relative amounts of the constituents of the eample, 
’ whioh ie eesential for proper evelustion of the samplerhen the conati- 

toentadiffer signidoantljr in propertiee that have 8 bearing on the 
quality of the meteriel for ite intended use. 

3.1.1 Identification of the constituents of a sample is usually a neces- 
sary step towards recognition of the properties that may be expected to 
influence the behaviour of the material in its intended use, but identifi- 
cation is not an end in itself. The value of any petrographic examina- 
tion will depend to a large extent on the rtpresentativeness of the 
samples examined, the completeness and accuracy of the information 
provided to the petrographer concerning the source and proposed use 
of the material, and the petrographer’s ability to correlate these data 
with the findidgs of the examination. 

31.2 This method does not attempt to outline the techniques of petro- 
graphic work since it is assumed that the method will be used by 
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TABLE I lLLUSTRATWR GENERAL PETROGRAPHIC ANALYSIS OF COARSE AGGREGATE 

( Clause 2.4.2 ) 

ROCK TYPES PItWENT BY WElQFlT OP DESCXWTION OP ROCK TYPIW 

Granites 

Rhyolite porphyries 

Andeeite porphyries 
00 

Weathered andeeite 
porphpriee 

, Deeply weathered 
a&e&e porphyrles 

Andeeitas 

Bamlts 

Chalcedonic ehortr 

quutJtee 

40 to 
20 mm 

Size 

1.7 

1-g 

20’6 

11.0 

0.8 

l&l 

21’0 

23 

5.6 

20 to 
10 mm 

SiZe 

o-0 

I.1 

17’2 

10-6 

2-Q 

22-S 

21.8 

2-l 

40 

lot0 ’ 
&76 mm 

Sh 

11’6 

0.0 

10-S 

00-l 

2.5 

32Vl 

203 

5’4 

7-O 

Slightly to moderately weathered; 
medium grained, hard 

Slightly to moderately weathered, 
ephenitic, porphyritic, hard 

Slightly to moderately weathered, 
rphanitio to fine grained, hard 

Modercrtely weathered, fraotured, 
firm to hard 

Deeply we&hem& fractured. 
absorptive, 5rm to hard 

Slightly to moderately weathered, 
aphenitic to glassy, hard 

Fresh to elightly weathered, apba- 
nitio to glassy, good bonding 
chuaoterietice 

Innocuous 

Innocuous 

Innocuoue 

Innoauour 

Innocuous 

Deleterious 

Innocuous 

Satisfactory 

Satisfactory 

Satisfactory 

Fair 

Poor 

Hyrclti~sA poor bonding Deleterious Fair 

Hard, massive, ine grained Innocuou8 Satisfeatory 

QUALITY 

-,--A_,-.-* 

’ Chemical Physical 

 



is : 2386 (Part VlIl ) - 1963 

TARLR II ILtUSTRATIVR PETROGRAPHIC ANALYSIS OF 
COARSE AGGREGATE FOR QUALITY 

( chwe 2.43 ) 

PsacrxT BY WmatT 

----A --v--7 
4Ommto40mm 3Ommto10mm lOmmtoI’75 mm 

Siw Siw Siw 

Inae 79-B 67k6 63-O 

Del-* !MPl 33.4 33.0 

qualified petrographers. It is intended to outline the extent to which 
q such tcdniquu should be used, the selection of properties that should 

be looked for, and the manner in which such techniques may best be 
employed in the examination of samples of aggregates for concrete;. 
These objectives will have been attained if engineers responsible for the 

-application of the results of petrographic examinations to the evaluation 
of aggregate materials for use in concrete constrllction have reasonable 
assurance that such results, wherever and whenever obtained, may 
confidently be compared. 

Norm-16 ir moommended ti6 ahe rook and mineral name in IS : 33LlB63 
Specitlortion for Charm and Fine Aggmgab from Natn+ &_umes for Concrete 
( Rev&+ ) rhoold be mod inmfar na they are approprutb in reports prepared 
8imQnhng to *hia method. 

3.2 AppumtmB urd sapplies -The apparatus and supplies given in 3.2.1 
and x2.2 comprise a recommended selection which will permit the use 
of all of the procedures described in thi? method. All specific items listed 
have been used in connection with the performance of petrographic 
examinations by the procedures described herein; it is not, however, 
intended to imply that other items cannot he substituted to serve similar 
functions. Whenever possible the selection of particular apparatus and 
supplies should be left to the judgement of the petrographer who is 
to perform the work so that the items obtained will be those with 
the use of which he has the greatest experience and familiarity. The 
minimum equipment regarded as essential to the making of petrogra- 
phic examinations of aggregate samples are those items, or equivalent 
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apparatus or supplies that will serve the aaxnc purpose, that arc indicated 
by asterisks in 3.2.1 and 3.2.2. 

3&l Apparatus and Sttppk for Preparation of Specimen 

a) *Rock-cutting saw preferably with 350 mm diamond blade. 

b) *Horizontal grinding wheel preferably 400 mm in diameter. 

c) Polishing wheel, preferably 200 mm to 300 mm in diameter. 

d) *Abrasives silicon carbide grit No. ISO, 180, and 220; 
emery. 

e) Prospector’s pick. 

f) *Microscope slides, clear, non-corrosive, 25 x 45 mm in size. 

g) l Canada balsam, neutral, in xylcnc. 

h) +Xylene. 

j) *Mounting medium, suitable for mounting rock slices for thin 
sections. 

k) *Laboratory oven. 

m) *Plate glass squares about 300 mm on an -edge for thin-section 
grinding. 

n) l Janes riffle sampler with pans. 

p) *Micro cover glasses, noncorrosive, square, 12 to 18 mm, 
25 mm, etc. 

q) Plattner mortar. 

33.2 Apparatus and Supplies for Examination of Specimens 

a) *Polarizing microscope with mechanical stage; low, medium, 
highpower objectives, and objective centering devices; eyepieces 
of various powers; full- and quarter-wave compensators; 
quartz wedge. 

b) *Microscope lamps ( preferably including a sodium arc lamp). 

c) *Stereoscopic microscope with objectives and eyepieces to 
give final magnifications from about 6X to about 60X. 

d) *Magnet, or an electromagnet. 

e) *Needle holder and points. 

f) Dropping bottle, 60-ml capacity. 

g) Forceps, smooth, straight-pointed. 

h) Petri culture dishes. 

j) *Lens paper. 
k) *Immersion media, n = l-410 to n = 1.785 in steps of O-005 

(Note 1). 
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m) Counter. 

n) Photomicrographic camera and accessories ( sty Note, 2 ). 

NorrI_Itirnc#awg~tfwiliCia~8~b&(oCLo~Co~k 
the index of refrwtidn of the immerrion media. If aeourate ideoti6oatksa of 
iuateriak b to he attempted, u for exam e 
&&edoa 

the diffeentiatioaofquutsuui 

indim d 
p’ or the difllkbatiation of basis ram inbrmediab voloenia g-the 

o refr8otion of the medi8need to be known with moiG~n. Atedii will 
not~akbleforv~loogpsriodroCt~radM~/sottooorui~~ g 
vui8tion due to temper8ture ahaage. *In l8bor8torieo not provided with alo- 
temperature oontrol, it ir often neceeauy to mcalibnte immersion madti yeral 
timea during tbo ooorm of 8 tingle d8y whoa acournte identifbationr M 
The equipment IKWM for checking immemion media conGts of an Abbe’ &x22 
metsr. The refmotometer ahould beequipped with aomperuvting prirmr to red 
indicen for wdinm thht from white light, or it ehould be used with 8 @odium 8ro 
lamp. 

NOTZ O-It ia believed tbet 8 18b0ratory thnt undert&er any oon~idemble 
amount of petrogmphia work dLoold be provided with faoilitiea to nuke photo- 
micxographio records of euch feeturfs u aumot adeqmbtely be deaorihed in word& 
Photombrogmphe aan be taken using rt6rdard microscope bmpa for ihmination; 
however, it ir ‘recommended that whenever Fiblo 8 draonium am &smp be 
provided for thim purpom. 

3.3 !hmpliq - Samples for petrographic etiamination should be taken 
by or under the direct supervision of .a geologist familiar with the 
rquirements of aggregates for concrete and, in general, following the 
requirements of *IS : 2430- Methods of Sampling of Aggregate. 
The exact location from which the sample was taken, the geology of the 
site, and other pertinent data should be submitted with the sample. 
The amount of material actually studied in the petrographic examina- 
tion will be determined by the nature of the examination td bc made 
and the nature of the material to be examined, as described in 3.4. 

33.1 Un+vtloped quarries should be sampled by means ofcores drilled 
through the entire depth expected to be productive of sound material. 
Drilling of such cores should be in a direction that is essentially normal 
to the dominant structural feature of the rock. Massive material’may 
be sampled by 55 mm diameter cores. Thinly bedded or complix 
material should be represented by cores not less than 100 mm in 
diameter. There should bc an adequate number of cores to cover the 
limits of the deposit proposed for the work under consideration. The 
entire footage of the recovered core should be included in the sample 
and accurate data given as to elevations, depths, and core losses. 

3.3.2 Operating quarries and operating sand and gravel deposits, in 
which stockpiles of the material produced are available, should be 
represented by not less than 45 kg or 300 pieces, whichever is larger, of 
each size of material to be examined. Samples from stockpiles should 
be composed of representative portions of larger samples collected with 
due consideration given to segregation in the piles. 
l 

*Sincehued ?) IS : ‘&V%lC369 Melhods for sampling of aggreg8tCS for ConCMc- 
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3.3.3 Exposed faces of nonproducing quarries, where stockpiles 01 

processed. material are not available, should be represented by not les,; 
than 2 kg from each distinctive stratum or bed, with no 
less than O-50 kg; or by drilled core as described in 3.3.1. 

piece weighing 

3.3.4 Undeveloped sand and gravel deposits should be sampled by 
means of test pits dug to the anticipated depth of future economic 
production. Samples should consist of not less than the following 
quantities of material selected so as to be representative of the deposit. 

Sieve Size Quantity 

mm 

160 to 320 

80 to 160 

40 to 80 

2oto 40 

475 to 20 

Sand 

3.4 N&ml Gravel and &ad 

’ k 

180 
90 

45 

22.5 

-3 

pieces 

8 

300* 
- 

3.4.1 Selection of Sample8 for &xamination -Samples of gravel and 
natural sand for 
to 2 of Part I o fp 

etrographic examination should be sieved according 
this standard to provide samples of each sieve 

size. In the .case of sands, an additional portion should then be sieved, 
without being washed, and tested according to 3 of Part I of this 
standard in order to provide a sample of the material passing 
the 7%micron IS Sieve. The results of the sieve analysis of each sample 
should be provided. to the petrographer making the examination and 
used in calculating results of the petrographic examination. Each sieve 
fraction should be examined separately, starting with the largest size 
available. Rocks are more easily recognized in larger pieces; the 
breakdown of a heterogeneous type present in thi larger sizes may have 
provided particles of several apparently different types in. the smaller 
sizes. Some important and easily confused types may be recognizable 
using the stereoscopic microscope if they are first recognized and 
separated in the larger sizes, but may require examination using the 
petrographic microscope if they are first encountered in the smaller 
sizes. 

3.4.1.1 The number of particles of each sieve fraction to 1: ) examined 
will be fixed by the required precision of determination of the less 
abundant constituents. Assuming that the field sampling and laboratory 

*Not le# than one piece from each apparent type of rock. 
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sampling procedures are accurate and reliable, the number of 
particles examined, identilied, and counted in each sieve fraction will 
depend on the required accuracy of the estimate of constituents present 
in small quantities. The numbers given in this method are minimal. 
They are based on experience and on statistical cohsiderations. It is 
believed that at least 300 particles of each sieve fraction should be 

‘identified and counted in order to obtain reliable results. Precise 
determinations of small quantities of an important constituent will 
require counts of larger numbers of particles. 

3.4.2 Examination of Natural Gravel 
3.4.2.1 The pebbles should be examined to establish whether 

exterior coatings are present. If they are, it should be determined 
whether the coatings- consist of materials likely to be deleterious 
in concrete (opal, gypsum, easily soluble salts, organic matter). It 
should also be determined how firmly the coatings are bonded to the 
pebbles. 

3.4.2.2 Rock types- The sieve fraction should be sorted into rock 
types by visual examination. If all or most of the groups present are 
types easily identifiable in hand specimen by examination of a natural 
or broken surface, and by scratch and acid tests, no further identifica- 
tion may be needed. Fincgrained rocks that cannot be identified 
microscopically or that may consist of.or contain constituents known to 
be deleterious in concrete should be checked by examination with the 
stereoscopic microscope. If they cannot be identified by that means, 
they should be examined by means of the petrographic microscope. 
The amount of work done in identifying fine-grained rocks should be 
adapted to the information needed about the particular sample. Care- 
ful examination of one size of a sample, or study of information from 

~ previous examination of samples from the same source, .will usually 
reveal the amount of additional detailed microscopic work required to 
obtain information adequate for the purpose. 

3.4.2.3 Condition - The separated ,groups belonging to each rock 
type should be examined to determine whether a further separation by 
physical condition is necessary. If all of the particles of a rock type are 
in a comparable condition, that fact should be noted. More frequently, 
particles in several degrees of weathering will be found in a group. 
They should be sorted into categories based on condition and on the 
expectation of comparable behaviour in concrete. The types of 
categories intended are (a) fresh, dense, (b) moderately weathered, 
(c) very weathered; or (a) dense, (b) porous, (c) or porous and friable. 
It usually is not practicable to recognize more than three conditions 
per rock type, and one or two may be sufficient. An important 
constituent present in large quantities may sometimes require separation 
into four groups by condition. The conspicuous example is chert when 
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it is the major constituent of a gravel sample. It may be present as 
dense, unfractured chert; as vuggy cher.t; as porous chert; and as dense 
but highly fractured chert. The determination of which of these four 
conditions characterizes a particle may be expected to have an 
important influence on prediction of the behaviour of the particle in 
concrete. 

3.4.2.4 Record- Notes should be taken during the examination. 
Each rock type should be described; the relevant features may include 
the following: 

a) Particle shape; 

b) Particle surface: 

c) Grain size; 

d) Texture and structure, including observations of pore space, 
packing of *grains, cementation of grain; 

e) Colour; 

f) Mineral composition; 

g) Significant heterogeneities; 

h) Gcyl physical condition of the. rock type in the sample; 

j) Presence of constituents known to cause deleterious chemical 
reaction in concrete. 

Particle counts should be recorded so that tables can be made for 
inclusion in the report. When the examination has been completed, the 
notes should contain enough information to permit the preparation of 
tables and descriptions. Tables should be prepared showing the com- 
posi!ion and condition of the samples by sieve friction, and the wcightcd 
average composition, based on the gradation of the sample as received 
and on the distribution of constituents by sieve fraction. Descriptions 
of constituent groups should be prepared containing the relevant 
features among those enumerated as above. 

3.4.3 Examination of Natural Sand 
. 3.4.3.1 The procedure for the examination of natural sand is similar 

to that for the examination of gravel, with the modifications necessitated 
by the differences in particle size. 

3.4.3.2 Sizes coarser than 6Wnicron IS Sieve - Each sieve fraction 
present, that is, coarser than the 600-micron IS Sieve should be reduced 
in the Jones ritlle until a split or splits containing at least 300 particle5 
are obtained. The reduced sample of each sieve fraction should be 
examined, and its constituents identified and counted using the atereo- 
scopic microscope. It is convenient to spread out the sample in a 
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flat-bottom glass dish, such as a petri dish and manipulate the grains 
with a forceps and dissecting needle. The identification of grains in 
the coarser sand sizes is often easier when the grains are just submerged 
in water. The submergence lessens the refleyt.Ion from the outer 
surfaces and may show diagnostic features that cannot be seen when 
the grains are dry. There are exceptions to this generalization. 
vVhere identification is difficult, the examination includes examination 
of the natural surface (dry and wet ), examination of a broken surface 
(dry and wet ), and scratch and acid tests. Only after all of these 
steps have been taken and the grain is still unidentified should the 
petrographer resort to the petrographic microscope. Grains that 
cannot be identified using the stereoscopic microscope, or that are 
suspected of consisting of or containing substances known to react 
deleteriously in concrete, should be set aside to be examined with the 
petrographic microscope. If the question of reaction with the minor 
alkalies of Portland cement is important in the examination of the 
sample, ctrtain additions to the procedure are indicated. If the 
coarser sand sizes contain fine-grained, possibly glassy igneous rocks, 
several typical particles of each variety of such rocks should be selected 
for a more thorough examination. The petrographer should determine 
the presence or absence of glass by crushing typical grains and 
examining them in immersion media, using the petrographic micro- 
scope. In difficult or especially important cases, it may be necessary 
to break suspected grains and to make immersion mounts of part of 
the grain and thin section of another part. Where the sand contains 
chert and the potential reactivity of the chert is an important 
consideration, a number of chert particles from the fractions retained 
on the 600-micron IS Sieve should be set aside for determinations of 
the index of refraction. 

3.4.3.3 Sizesfiner than 600 micron-The sieve fractions finer than 
the 600-micron IS Sieve should each be reduced in a Jones riffle to 
about 4 or 5 g. The volume will usually be less than a level teaspoon- 
ful. In some gradations the fractions retained on the 150-micron and 
75-micron IS Sieves may be present in such small amounts that 
reduction is unnecessary. These splits should be further reduced on a 
miniature Jones riffle or by coning and quartering with a spatula 
on a clean sheet of paper. A representatiyc portion of each reduced h 
split should be mounted in immersion oil on a clean glass slide and 
covered with a clean cover glass. No entirely satisfactory method of 
reducing a split to about 300 grains is known. The reduced split can 
be sampled by spreading it in a thin layer on glass or clean paper, 
dragging the end of a dissecting needle moistened in immersion oil 
through the sample, and transferring the grains that adhere to the 
needle to a drop of immersion oil on a clean slide. If this is done care- 
fully, a fairly representative sample will be obtained. If the dissecting 
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needle is made of magnetized steel, a concentration of magnetic 
minerals may result. !t is usually necessary to make several mounts 
of the 300-micron and IN-micron fractions to obtain at least 300 grains 
of each. The indes of the immersion oil should be selected to make 
the identification of the imp&ant constituents as easy and as deSnitc 
as possible. The use of an immersion oil with an index of,or ‘tit 
below the !ower index of quartz ( l-544) is recommended. The s ‘de il 
should be mounted on a petrographic microscope quipped with a 

j 

mechanical stage. Several traverses should bT,made, and each grain 
that passes under the cross hair should be ,sdentifed and counted. 
Care should be taken to move the slide on the north-south adjustment 
between traverses so that no grain will be counted twice. Each sieve 
fraction passing the 600-micron and retained on the ‘IS-micron IS Sieve 
should be examined in this way. Ordinarily, the material passing the 
75-micron IS Sieve is mounted on a slide following the procedure 
described above, examined by means of the petrographic microscope, 
and its composition estimated. If an unusually large amount of this size 
is present, or if it contains constituents that may be expected to have 
an important efi’cct on the suitability of the aggregate for the intended 
use, it should be counted. 

3.5 Drilled Core, Ledge Rock, Cnssbed Stone and Crushed Sand 

3.5.1 Examination of Drilled Carp- Each core should be examined 
and a log prepared showing depth of core recovered, core loss and 
location; location and spacing of fractures and parting planes; 
lithologic type or types; alternation of types; physical condition and- 
variations in condition; toughness, hardness, coherence; obvious poro- 
sity; grain size, texture, variations in grain size and texture; type 
or types of breakage; and presence of constituents capable of deleterious 
reaction in concrete. If the size of the core permits, the probability that 
the rock will make aggregate of the required maximum size should be 
considered. If the surface of the core being examined is wetted, it is 
usually easier to recognize significant features and changes in lithology. 
Most of the information usually required can be obtained by careful 
visualexcmination, scratch and acid tests, and hitting the core with a 
hammer. In the case of fine-grained rocks, it may be necessary to 
examine parts of the core, using the stereoscopic microscope, or to 
prepa.re thin sec:iuns of selected portions. Some considerations and 
procedures are more applicable to particular rock types than to others. 
Ordinarily, the layered rocks considered for concrete aggregate will be 
zyescte, and occasionally metamorphic rocks, such as phyllite, gneisq 

. One of the most Important questlons aruung tn the examma- 
tion of limestone is that of the presence, type, and distribution of 
argillaceous impurities. Limestones thar contain intercalated thin 
beds of soft shale may make suitable sources of aggregate if the shale 
$J so distributed that it dues not prevent manuf&ture of the required 
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maximum size, and if the shale can be eliminated or reduced in process- 
ing. Where argillaceous impurities are present, it should be determined 
whether they actually consist of clay mineral or of other minerals in 
clay sizes. If they do consist of clay minerals, it should be established 
whether the clay minerals include members of the montmorillonite 
group ( swelling clays ). In the examination of fine-grained igneous 
rocks, particular attention should be directed to the nature of the 
ground-mass. This examination should include determination of the 
presence or absence of opal, chalcedony, natural glass, .and clay 
minerals of the montmorillonite group; if any of these are found the 
amount should be estimated; if natural glass is found the type should 
be determined. 

3.5.2 Examination of Ledge Rock-The procedure used in examina- 
tion should be the same as for core samples to the extent that the 
spacing of samples and size of the individual pieces allow. If the 
sample consists of a relatively large quantity of broken stone produced 
-by blasting, it is desirable to inspect the whole sample, estimate the 
relative abund :nce of rock types or varieties present, and sample each 
ty-pe before further processing. Subsequent procedure should be the 
same as given in 3.5.3. 

3.5.3 Examination of Crushed Stone - The procedure for examination of 
crushed stone should be similar to that for core, except that necessary 
quantitative data should be obtained by particle counts of the separated 
sieve fraetions. 

3.5.4 Examination of Crushed Sand - If no samples of the qock from 
which the sand was produced are available, the examination procedure 
should be similar to that for natural sand, with particular emphasis on 
the amount and extent of fracturing developed by the milling 
operations. 

3.6 C&ulations and Report 

3.6.1 Calculations -The composition of each sieve fraction of a 
heterogeneous sample and the weighted average composition of the 
whole sample should be calculated as follows. 

3.6.1.1 The composition of each sieve fraction shall be expressed by 
summing the total number of particles of that fraction counied, and 
calculating each constituent in each condition as a percentage of that 
total amount ( as number of particles in percent, in each sieve fraction ). 
It is convenient to calculste and record the percentages to tenths at 
this stage. An example of these calculations is given in the upper half 
of Table III. 

3.6.1.2 The percentage by weight of the sieve fraction in the whole 
sample ( individual percentages retained on consecutive sieves ) shall 
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be obtained from the gradation of the sample as determined by Part I of 
this standard. 

3.6.1.3 By multiplying the Percentage of the constituent in the sieve 
fraction drtermined as described in 3.6.1.1, by the percentage of the 
siei-e fraction in the whole sample, obtained as described in 3.6.1.2, the 
percentage in the whole sample, of that constituent in that size shall 
be calcplated ( weighted percentage of constituents in sieve fraction, 
( see Table III ). 
ages to tenths. 

It is convenient to calculate and record these percent- 

3.6.1.4 By adding the weighted percentages of each constituent in 
each sieve fraction, the weiqhtrd percentage of each constituent in the 
whole sample shall bc obtained (see under weighted composition of 
sample in Table III ). 

3.6.1.5 A table shall be constructed to show the composition of each 
sieve fraction and the weighted composition of thp -vhole sample. 
Values shall bc reported to the nearest whole number. Constituents 
amounting to 0.5 percent or less of a sieve fraction or of the whole 
sample shall be reported as traces. Table IV is an example 
constructed from the data obtained in Table III. As a 
convention, the total in each sieve fraction and the total in 
the whole sample shall each be 100 percent without the traces. Diffi- 
culties in abiding by this convention can usually be avoided by group- 
ing minor constituents of little engineering importance. It is preferable 
I-, tabulate constituents known to react deleteriously in concrete so that 
I heir distribution will be apparent from inspection of the table, even 
though the amount in the whole sample or in any fraction is verv 
small. 

3.6.2 Report -The report of the petrographic examination should 
consist of two principal parts, the summary report and the detailed 
report. The summary report customarily consists of two paragraphs 
which summarize, respectively, the essential data needed to identify 
the sample as to source and proposed use, and a brief description, 
including the essential data on composition and properties, of the 
material as revealed by the examination. The complete report records 
the test procedures employed, the data developed on the composition of 
the material, and a description of the. nature and features of each 
important constituent of the sample, accompanied by such tables and 
photographs as may be required to adequately present the findings of 
the examination. Petrographic data in the summary should be express- 
ed in terms likely to be intelligible to the engineer who must make 
th_e ultimate decision as to the suitability of a material for use as 
concrete aggregate. 

3.6.2.1 The petrographic report should be a statement of the find- 
ings of the examination. When the sample has been found to possess 
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TABLE III CALCULATION OF RESULTS OF PARTICLE COUNTS* 

(cxurtses 3.6.1.1, 3.6.1.3. 3.6.1.4 und 361.5) 

CO!UBTl- CONFWITXON or FRACTIONS RETAINED ON SIEVE 
TC?EIUYJt --- -- --- 

20 lllrll 12’5 mm 10 mm 4.75 mm 
c-_-_ ~ r--_--~ r--y r_*-~ 
Number Per- Number Per- Number Per- Number Per- 
of Par- cent of Par- cent of Par- cent of Par- cent 

ticlos 

230 60.0 
to 10.9 
10 20 

107 21.4 
70 15.2 

- - 

2” :a: 
- - 

ticlea 

200 
100 
50 

70 

;x 

2” 
- 

Total Go0 100 500 

460 
260 
JO9 

140 
IO.6 
40 

;:4” 

100 

150 360 
125 25.0 
75 15Yl 

62 12.4 
J9 3.x 
43 86 

20 4.0 
6 1.2 

_- - 

ticlas 

50 10.0 
JO0 20.0 
100 260 

32 6.4 
87 J 7.4 
96 19.2 

20 4.0 
JO 2.0 
5 1.0 

600 100 500 100 
-- ~ 
Individual per- 
centage ratein- 
ed on sieve 174 32.6 29’5 266 

-- 
WEXOIIT~D PEPC~NTAOX~ OP CONBTITIJPNTS WEIOXTED C~MPOBI- 

IN EACH Srrvr FBACTION TION 08’ SIMM.8 
---* 

20 mm 12’5 mm 10 mm 4% mn? 

A: 2 
3.7 13.0 39 2.1 32.7’) 
;: 6.6 33 7‘4 4.4 41 41 197 12.2 J }64*6 ( Tot81 A ) 

BB, 26 37 3.7 1.3 13.31 

B: - 1’3 
l;;]“l.S ( Tot81 B ) 

4 63 2-51 
C* 

0”:: 0.1 A:“, ;:i 3.6 (Total C ) 
Cs 0’2 

- -. 
TOW in aample, condition 1 
Tot81 in sample, condition 2 
Total in sample, condition 3 20.1 

*This table indiostes 8 convenient method of setting up 8 work sheet for recording 
mm&r and calculationa. The reaulb developed here 8te entered in the form 
indiorrted by Table IV. Table IV ir included in the petrographic report, Table III 
is not. 

tLettarr (A. 8. C ) refer to the various constituents found, subsoript numbers 
( 1.2, 3 ) refer to the various conditiona in which each constituent has been found, 
such as relative degree of weotherina. 
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properties or constituents that are known to have specific unfavourable 
effects in concrete, those properties or constituents should be described 
qualitatively and, to the extent practicable, quantitatively. The 
unfavourable effects that may be expected to ensue in concrete should 
-be mentioned also. When appropriate, it should be stated that a given 
sample was not found to contain any undesirable features. The report 
should not, however, contain a general statement of opinion by the 
petrographer concerning the quality of the material. The petrographer 
should avoid such general statements of opinion, since they are sub- 
jective and therefore not properly a part of a report of objective find- 
ings, and since they can properly be made only when data on different 
materials can be compared in connection with the requirements for a 
specific use. 

TABLE IV COMPOSITION AND CONDITION OF AN AGGREGATE SAMPLE 
( TABLE CONSTRUCTED FROM CALCULATIONS SHOWN IN TABLE 111) 

(Clause 3.6.1.5) 

AYOUNT, AS NUMBER or PARTICLES IN PERCJENT 
Y-------- -------- -------- 

In Fractions Retained on 
Sieves Shown Below* 

In Whole Samplet 

I c , , 
20-mm 12B-mm IO-mm 47d-mm Condi- Condi- Condi- Tota? 

tion tion tion 

1 2 3 - 

A 62 70 70 GO 33 20 12 65 

B 37 26 25 43 13 11 8 32 

C 1 1 5 7 2 1 tr 3 

Tot81 106 100 100 100 - - - 100 

Weighted average 48 - - - 

Weighted average _- 32 - - 

Weighted averege - - 20 - 

l B8sed on count of 506 particles in each sieve fraction. ( The number of particles 
of each sieve fraction counted should be shown in tho report and this mey con- 
veniently be done es a footnote to the table. ) 

tB8sed on gradation of the sample 8s received snd on the distribution of consti- 
tuents by sieve fraotionr shown 8t the left 8bov0. ( If the petrographic report 
form8 part of a complete investigation of the sample, including a report of the 
gradation, the gradation need not be ehowu. If the petrographic report is to be 
submitted nlone. the gradation of the s8mplO should be included with it. ) 
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AMENDMENT NO. 1 JUNE 1999 
TO 

IS 2386 ( PART VIII ] : 1963 METHODS OF TEST 
FOR AGGREGATES FOR CONCRETE 

PART VIII PETROGRAPIIIC EXAMINATION 

( Page 20, clause 3.6.2-l ) -insert the following new clauses after 3.6.2.1: 

3.7 Additional Test Method 

3.7.1 Cbj2G 

This test method descrihcs procedure for determining undulatory exti~:!ic~n 
(Uf?) angle of coarse and fine aj~gqates and shall be ~o~~tln~~~c~l OII ;I~:):IC-~;AII-S 
conlaining gcncrally more lhan 30 percent quartz. ‘l‘he undrliatory cxlirl?.tir%r: 

angle is the angle between the positions of ex,tinction and ins clis;ll)l::~;“r;i”“‘: En II:I: 
grain. It is a measure of the crystal Iattics disturbance rauscd by geol~;~icai 
stresses. Various rescarchcrs have used UE angle as indicaion of porsib!c YOI~:C~ 
for alkali reactivity of the rock. 

3.7.2 Procedure 

T!lc undulatory extinction angle shall be dctermincd in traltsrrlit!ctl ii!;?:! (r!,in 

section) under a polarising microscope. 

3.72.1 When the first extinction in the selected quartz grztic :itmv~ing ii::; 

intcrferencc colour is visible, the position of gradualed rot;t:ir:i: ~qtr o!‘ ii>: 
polarising microscope shall be recorded. 

3.7.2.2 Determine the second position by rotating the same r,r;lir\ wlrti :I;:: 
rotating stage of the microscope through other extinction areas in ?hc ~r;.i~: rr:;:il 
the entire grain becomes bright coloured again except for some sligh:fy gr:‘:q 
shadows in the area covered 3.7.2.1. Determine the angle bctctwccn rhc t~vo 
positions. 

3.7.2.3 Repear the measurcmenb mentioned in 3.7.2.1 and 3.7.2.2 in tf:c 
reverse direction also. This will improve the precision of the test. the di!f~rrn:z 
between the two measurcmcnts, that is forward and revcrsc dircctiozq shou!d !:: 
SWIll. 

3.7.2.4 Average the values (that is difference between the tr:~~ p~~i:iit~) 
obtained in the two directions for a particular grain.. This ::hali IS? ri:c 
characteristic UE angle for a given grain. , 
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3.7.2.5 The angle charactcrising a thin section shall be obtained by averaging 
the values of all grains examined in the thin section. 

3.7.2.6 The percentage of quartz grains showing undulatory extinction in lhe 

same scciion shall be detcnuined by point-counting method. 

NOW - Some coarse aggregates may; be of composite nature, that is, containing different rock 

types for example quartkite, granites, sandstone, Ctc. Tbe undulatory extinction angle and the 

percentage of quartz grains showing WE shall be determined for each of the predorainant constituents 

of the come aggregates. 

( CED 2) 

_~ 
Reprography Unir, BIS, New Delhi. India 
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