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AMENDMENT NO. 1 AUGUST 1982
TO

IS : 1498-1970 CLASSIFICATION AND
IDENTIFICATION OF SOILS FOR GENERAL
ENGINEERING PURPOSES

( First Revision )
Addenda

( Page 13, clause 3.8 ) — Add the following new clause after 3.8:

‘3.9 Degree of Expansion — Fine grained soils depending upon the
presence of clay mineral exhibit low to very high degree of expansion.
Based upon Atterberg’s limits and free swell of the soils the degree of
expansion and degree of severity for soils is shown in Table 8.’

[ Page 14, col 5 against Sl No. (ii) ] — Add the following new matter
at the end:

¢ Coarse: 75 raieron to 7°5 micron
Fine: 7°5 micron-to 2 micron’
(Page 21, Table 5, Note 4) — Add the following new note after
note 4:

‘NoTrk 5 — In moast of the expansive soils, the CBR valucs atter soaking
are often found to be less than 2. The thickness of the pavements for such
small values turn out to extremely high and impracticable. A minimum CBR
value of 2 is recommendecd for use for design purposes in such soil. ’

( Page 23, Table 7) — Add the following new table after Table 7:

TABLE 8 SHOWING THE DEGREE OF EXPANSION OF FINE
GRADED SOILS

(Clause 3.9)

Liqum Limit Prasticiry  SHRINKAGE FreE SweErrL Drorer o DEGrer Or

(WL) INDEX INDEX (Is) (PERCENT) Expransion SEVERITY
(Ip)

20-35 < 12 <15 <. 50 Low Non-critical
85-50 12-23 15-30 50-100 Medium Marginal
50-70 23-32 30-60 100-200 High Critical
70-90 > 32 > 60 > 200 Very High Severe

(BDC 28)
“Printed at 8imco Printing Press, Deihi, india



AMENDMENT NO. 2 SEPTEMBER 1987
TO

1S:1498-1970 CLASSIFICATION AND IDENTIFICATION OF
SOILS FOR GENERAL ENGINEERING PURPOSES

(First Revision)

(Page 4, clause 2.3, line 5):

(Page 6, clause 3.4, para 1, lines 10 and 12
and para 2, line 3):

[Page 7, clause 3.4.4(b) and (c)}:

(Page 14, Table 1, col 5, lines 6 and 8):

(Page 24, Appendix A, matter against
15:1498-1970);

Substitute '75 mm' for '80 mm' wherever
existing.

(Page 21, Table 5, Note 3) - Substitute
'1S:2720(Part 8)-1983' for 'I1S:2720(Part 8)-1965'.

(Page 21, footnote with '*' mark) - Substitute
the following for the existing footnote:

'*Method of test for soils: Part 8
Determination of water content - Dry density
relation wusing heavy compaction (second
revision).'

(BDC 23)

Printed at Simco Printing Press, Delhi, India



IS : 1496 - 1970

Indian Standard

CLASSIFICATION AND IDENTIFICATION OF
SOILS FOR GENERAL ENGINEERING
PURPOSES

( First Revision )

0. FOREWORD

0.1 This Indian Standard ( First Revision ) was adopted by the Indian
Standards Institution on 19 December 1970, after the draft finalized by the
Soil Engincering Sectional Committee had been approved by the Civil
Engincering Division Council.

0.2 Soil survey and soil classification are at present being done by severat
organizations in this country for different purposes. The engineering
departments and research laboratories have done a great deal of work in
regard to soil cxploration and classification in fields relating to irrigation,
buildings, roads, etc. The investigations relating to the field of irrigation
have two objectives namely, the suitability of soil for the construction of
dams and other kinds of hydraulic structurcs and the effect on the fertility
of soil when it is irrigated. With regard to roads and highways, investi-
gations have been undertaken to classify them from the point of view of
their suitability for construction of embankments, sub-grades, and wearing
surfaces. In the ficld of buildings, soil investigation and classification 1s
done to evaluate the soil as regards its bearing powcer to a cettain extent.
Soil survey and soil classification arc also donc by agriculture departments
from the point of view of the suitability of the soil for crops and its fertility.
Each of these agencies was adopting different systems for soil classification.
The adoption of different methods by various agencies led to difficulties in
interpreting the results of soils investigated by one agency by the other and
quite often results were found to be not casily comparable. This Indian
standard was, therefore, published in 1959 to provide a common basis for
soil classification.

0.3 Soils seldom exist in naturc secparately as sand, gravel or any other
single component but are usually found as mixture with varying propor-
tions of particles of different sizes. This revision is essentially based on
the Unified Soil Classification System with the modification that the fine-
grained soils have been subdivided into three subdivisions of low, medium
and high compressibility, instead of two subdivisions of the original Unified
Soil Classification System. The system is based on those characteristics of
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18: 1498 - 1970

the soil which indicate how it will behave as a construction material. This
system is not limited to a particular use or geographical location. It does
not conflict with other systems; in fact, the use of geologic, pedologic,
textural or local terms is encouraged as a supplement to, but not as a
substitute for, the definitions, terms and phrases established by this system
and which are easy to associate with actual soils.

0.4 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 this field
in this country.

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
1S: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.

1. SCOPE

1.1 This standard covers a system for classification and indentification of
soils for general enginecering purposes. The information given in this
standard should be considered as for guidance only for treating the soil for

engineering purposes.
2. TERMINOLOGY

2.0 For the purpose of this standard, the definitions given in IS : 2809-1972t
and the following shall apply.

2.1 Clay — An aggregate of microscopic and sub-microscopic particles
derived from the chemical decomposition aud disintegration of rock consti-
tuents. It is plastic within a moderate to wide range of water content.

2.2 Silt — A fine-grained soil with little or no plasticity. If shaken in the
palm of the hand, a part of saturated inorganic silt expels enough water to
make its surface appear glossy. If the pat is pressed or squeezed between
the fingers, its surface again becomes dull.

2.3 Sand and Gravel — Cohesionless aggregates of angular, sub-angular,
sub-rounded, rounded, flaky or flat fragments of more or less unaltered
rocks or mincials.

According to this system, gravel is a fraction of the soil material
between 80 mm and the 4:75-mm IS Sieve size and sand is the material
between the 4°75-mm IS Sieve size and the 75-micron IS Sieve size.

*Rules for rounding off numerical values ( revised ).
1Glossary of terms and symbols relating to soil engincering ( first revision ;.
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IS: 1498 < 197
3. CLASSIFICATION AND IDENTIFICATION

3.1 Division — Soils shall be broadly divided into three divisions as given
in 3.1.1 to 3.1.3.

3.1.1 Coarsec-Grained Sotls — In these soils, more than half the total material
by weight is larger than 75-micron IS Sieve size.

3.1.2 Fine-Grained Soils — In these soils, more than half of the material
by weight is smaller than 75-micron IS Sieve size.

3.1.3 Highly Organic Soils and Other Miscellaneous Soil Materials — These
soils contain large percentages of fibrous organic matter, such as peat, and
- particles of decomposed vegetation. In addition, certain soils containing

shells, concretions, cinders, and other non-soil materials in sufficient quanti-
ties are also grouped in this division.

3.2 Subdivision — The first two divisions ( se¢ 3.1.1 and 3.1,2 ) shall be
further divided as given in 3.2.1 and 3.2.2.

3.2.% Coarse-Grained Soils — The coarse-grained soils shall be divided into
two subdivisions, namely:

a) Gravels — In these soils, more than half the coarse fraction
( +75 micron ) is larger than 4'75-mm IS Sieve size. This sub-
division includes gravels and gravelly soils.

b) Sands — In these soils, more than half the coarse fraction
( 475 micron ) is smaller than 4'75-mm IS Sieve size. This sub-
division includes sands and sandy soils.

3.2.2 Fine-Grained Soils — The fine-grained soils shall be further divided

into three subdivisions on the basis of the following arbitrarily selected
values of liquid limit:

a) Silts and clays of low compressibility — having a liquid limit less than
35 (represented by symbol L), :

b) Silts and clays of medium compressibility — having a liquid limit
greater than 35 and less than 50 ( represented by symbol /), and

c) Silts and clays of high compressibility — having a liquid limit greater
than 50 ( represented by symbol H ).

Note — In this system the fine-grained soils are not divided according to particle

shail Tmply volurn change, Lhripkage durlnd dry periods sad sweling duriug we perieds

imply volume ge, shri uring dry peri ing during wet periods,

as well as, consolidation u;adcr'l.t:g.eSoﬂ particles finer than 2-micron may, howg'cc?, be

i as clay-size particles and the particles between 75-micron and 2-micron as silt-
size particles.

$



18: 1498 - 1970

3.3 Groups — The coarse-grained soils shall be further divided into eight
basic soil groups. The fine-grained soils shall be further divided into nine
basic soil groups ( see Table 2 ).

3.3.1 Highly organic soils and other miscellaneous soil materials shall be
placed in one group. The groups shall be designated by symbols.

Note — These groups are broad, based on basic properties of soil; therefure, supgle-
mental detailed word descriptions are required to point out pecularity of a particular
soil and differentiate it from others in the same group.

3.3.2 The basic soil components are given in Table 1.

3.3.3 The various subdivisions, groups and group symbols are given in
Table 2.

3.4 Field Identification and Classification Procedure — The field
method is used primarily in the field to classify and describe svils. Visual
observations are employed in place of precise laboratory tests to define the
basic soil properties. The procedure is, in fact, a process of elimination
beginning on the left side of the classification chart ( Table 2 ) and working
to the right until the proper group name is obtained. The group name
should be supplemented by detailed word descriptions, including the
description of the in-place conditions for soils to be used in place as founda-
tions. A representative sample of the soil is selected which is sprcad on a
flat surface or in the palm of the hand. All particles larger than 80 mm
are removed from the sample.  Only the fraction of the sample smaller than
80 mm is classified. The sample is classified as coarse-grained or fine-
grained by estimating the percentage by weigkt of individual particles which
can be seen by the unaided eye. Soils containing more than 50 percent
visible particles are coarse-grained soils, soils containing less than 50 per-
cent visible particles are fine-grained soils.

If it has been determined that the soil is coarse grained, it is further
identified by estimating and rccording the percentage of : (a) gravel sized
particle, size range from 80 mm to 4-75-mm IS Sieve size ( or approximately
5 mm size ); (b) sand size particles, size range from 4'75 to 75-micron
IS Sieve size; and (c) silt ang clay size particles, size range smaller than
75-micron IS Sieve.

Notz — The fraction of soil smaller than 75-micron IS Sieve, that is, the clay and silt
fraction is referred to as fines.

3.4.1 Gravelly Soils — If the percentage of gravel is greater than that of
sand, the soil is a gravel. Gravels are further identitied as being clean ( con-
taining little or no fines, that is less than 5 per cent ) or dirty ( containing
appreciable fines, that is more than 12 per cent) depending upon the
percentage of particles not visible to the unaided eye. Gravels contaihing
5 to 12 percent fines are given boundary classification. If the soil is obviously

6



1S: 1498 - 1970

olean, the classification shall be ecither: (a) well graded gravel (GW), if
there is good representation of all particle sizes; or (b) poorly graded
gravel ( GP ), if there is an excess or absence of intermediate particle sizes.
A well-graded soil has a reasonably large spread between the largest and
the finest particles and has no marked deficiency in any size. If the soil
obviously 1s dirty, the classification will be either (c) silty gravel (GM ), if
the fines have little or no plasticity; or (d) clayey gravel ( GC), if the fines
are of low to medium or high plasticity ( sec 3.2.2 ).

3.4.2 Sandy Soils — If the percentage of sand is greater than gravel, the
soil is a sand. The same procedure is applied as for gravels except that the
word sand replaces gravel and the symbol S replaces G.  The group classi-
fication for the clecan sands will be either: (a) well-graded sand (SW) or
(b) poorly-graded sand (SP ), and the dirty sands shall be classified as
() silty sand ( SM ), if the fines have little or no plasticity; or (d) clayey
sand ( SC), if the fincs are of low to medium or high plasticity ( see 3.2.2).

3.4.3 Boundary Classification for Coarse-Grained Soils — When a soil possesses
characteristics of two groups, ¢'*her in particle sizc distribution or in plasti-
city, it is designated by combinations of group symbols. For example,
a well-graded coarse-grained soil with clay binder is designated by GWGC.

3.4.3.1 Boundary classifications can occur within the coarse-grained
soil division, between soils within the gravel or sand grouping, and between
gravelly and sandy soils. The procedure is 16 assume the coarser soil, when
there is a choice, and complete the classification and assign the proper
group symbol; then, beginning where the choice was made, assume a finer
soil and complete the classification, assigning the sccond group symbeol.

3.4.3.2 Boundary classifications within gravel or sand groups can
occur. Symbols such as GW- GP, GM-GC, GW-GM, GW-GC, SW-SP,
SM-SC, SW-SM and SW-SC are common.

3.4.3.3 Boundary classifications can occur between the gravel and sand
groups. Symbols such as GW-SW, GP-SP, GM-SM and GC-SC are
common.

3.4.3.4 Boundary classifications can also occur between coarse and fine
grained soils. Classifications such as SM-ML and SC-CL are common.

3.4.4 Descriptive Information for Coarse-Grained Soils -—— The following des-
criptive information shall be recorded for coarse-grained soils:
a; ‘Typical name;
b) Maximum size, and fraction larger than 80 mm in the total
material;

c) Percentage of gravel, sand and fines in the soil or fraction of soil
smaller than 80 mm;

d) Description of average size of sand of gravel;
7
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¢) Shape of the particles — angular, subangular, subrounded, rounded;

f) The surface coatings, cementation and hardness of the particles and
possible breakdown, when compacted;

g) The colour and organic content;

h) Plasticity of fines;

j) Local or geologic name, if known; and
k) Group symbol.

3.4.5 Fine-Grained Soils — If it has been determined that the soil is fine-
grained, it is further identified by estimating the percentage of gravel, sand$
silt and clay size particles and performing the manual identification tests
for dry strength, dilatancy, and toughness. By comparing the results of
these tests with the requirements given for the nine fine-grained soil groups,
the appropriate group name and symbol is assigned. The same procedure
is used to identify thc fine-grained fraction of coarse-grained soiF to deter-
mine whether they are silty or clayey.

3.4.6 Marnual Identification Tests — The following tests for identifying the
fine-grained soils shall be performed on the fraction of the soil finer than
the 425-micron IS Sieve:

a) Dilatancy ( reaction to shaking ) — Take a small representative sample
in the form of a soil pat of the size of about 5 cubic centimetres and
add enough water to nearly saturate it. Place the pat in the o
palm of one hand and shake horizontally, striking vigorously against
the other hand several times. Squeeze the pat between the fingers.
The appearance and disappearance of the water with shaking and
squeezing is referred to as a reaction. This reaction is called quick,
if water appears and disappears rapidly; slow, if water appears and
disappears slowly; and no reaction, if the water condition does not
appear to change. Observe and record type of reaction as des-
criptive information.

b) Toughness ( consistency near plastic limit ) — Dry the pat used in the
dilatancy test by working and moulding, until it has the consis-
tency of putty. The time required to dry the pat is the indication
of its plasticity. Roll the pat on a smooth surface or between the
palms into a thread about 3 mm in diameter. Fold and reroll the
thread repeatedly to 3 mm in diameter so that its moisture content
is gradually reduced until the 3 mm thread just crumbles. The
moisture content at this time is called the plastic limit and the
resistance to moulding at the plastic limit is called the toughness.
After the thread crumbles, lump the pieces together and continue
the slight kneading action until the lump crumbles. II the lumi
can still be moulded slightly drier than the plastic limit and if hig

ressure is required to role the thread between the palms of the
and, the soil is described as having high toughness. Medium
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toughness is indicated by a medium thread and a lump formed of
the threads slightly below the plastic limit will crumble; while low
toughness is indicated by a weak thread that breaks easily and can-
not be lumped together when drier than the plastic limit. Highly
organic clays have very weak and spongy feel at the plastic limit.
Non-plastic soils cannot be rolled into-thread of 3 mm in diameter
at any moisture content. Observe and record the toughness as
descriptive information.

Dry strength ( crushing resistance ) — Completely dry the prepared soil
pat. Then measure its resistance to crumbling and powdering
between fingers. This resistance, called dry strength, is a measure
of the plasticity of the soil and is influenced largely by the colloidal
fraction content. The dry strength is designated as low, if the dry

at can be easily powdered; medium, if considerable finger pressure
1s required and high, if it cannot be powdered at all. Observe and
record the dry strength as descriptive information.

Nore — The presence of high-strength water soluble cementing materials,

such as calcium carbonates or iron oxides may cause high dry strength. Non-
plastic soils, such as caliche, coral, crushed lime stone or soils containing
carbonaceous cemer.ting agents may have high dry strength, but this can be
dc.tsctcd by the effervescence caused by the application of diluted hydrochloric
acd.
Organic content and colour — Fresh wet organic soils usually have a
distinctive odour of decomposed organic matter. This odour can
be made more noticeable by heating the wet sample. Another
indication of the organic matter is the distinctive dark colour. In
tropical soils, the dark colour may be or may not be due to organic
matter; when not due to organic matter, it is associated with poor
drainage. Dry organic clays develop an earthy odour upon
moistening, which is distinctive from that of decomposed organic
matter.

Other identification tests

1) Acid test — Acid test using dilute hydrochloric acid ( HCl) is
primarily a test for the presence of calcium carbonate. TFor
soils with high dry strength, a strong reaction .indicates that
the strength may be due to calcium carbonate. as cementing
agent rather than colloidal clay. The results of this tcst should
be included in the soil description, if pertinent.

2) Shine test — This is a quick supplementary procedure for
determining the presence of clay. The test is performed by
cntting a lump of dry or slightly moist soil with a knife. The
shiny surface imparted to the soil indicates highly plastic clay,
while a dull surface indicates silt or clay of low plasticity.

8) Miscellancous test — Other criteria undoubtedly may be deve-
loped by the individual as he gains experience in classifying

9
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the soils. For example, differentiation between some of the
fine-grained soils depends largely upon the experience in the
feel of the soils. Also wet clay sticks to the fingers and dries
slowly but silt dries fairly quickly and can be dusted off the
fingers leaving only a stain. Frequent checking by laboratory
tests is necessary to gain this experience.

3.4.7 Boundary Classification for Fine-Grained Soils — Boundary classifications
can occur within the fine-grained soil divisions, between low and medium
or between medium and high liquid limits and between silty and clayey
soils. The procedure is comparable to that given for coarse-grained soils
( see 3.4.3), that is, first assume a coarse soil, when there is a choice, and
then a finer soil and assigu duval group symbols. Boundary classifications
which are common arc as follows:

ML-M], CL-CI, OL-OI, MI-MH, CI-CH, OI-OH, CL-ML, ML-OL,
CL-OL, CI-MI, MI-O1, CI-OI, MH-CH, MH-OH, and CH-OH.

3.4.8 Very Highly Organic Soils — Peat or very highly organic soils may be
readily identified by colour, sponginess or fibrous texture.

3.4.9 Descriptive Information for Fine-Grained Soils — The following descrip-
tive information shall be recorded for fine-grained soils:
a) Typical name;
b) Percentage of gravel, sand and fines;
c) Colour in moist cordition and organic content;
d) Plasticity characteristics;
¢) Local or geologic name, if known; and
f) Group symbol.

3.4.10 Description of Foundation Soils — The following information shall be
recorded to define the in-place condition of soils which are to be utilized
as foundation for hydraulic or other structures:

a) For coarse-grained soils:
1) Natural moisture content ( as dry, moist, wet and saturated );
9) Perviousness or drainage properties in the natural condition;

3) Structure (as stratified, uniform, uncemented, lensed; and
attitude, that is, strike and dip );

4} Type and degree of cementation; and
5) Degree of compactness ( as loose or dense ).
b) For fine-grained soils:
1) Natural moisture content ( as dry, moist, wet and saturated );
2) Perviousness or drainage properties;

10



3) Structures (as stratified, homogenous, varved, honeycomb,
root-holes, blocky, fissured, lensed; and attitude, that is, strike
and dip ). The thickness of lenses, fissures, etc, shall be noted;

4) Type and degree of cementation; and

5) Consistency (very soft, soft, firm, hard, very hard, sticky,
brittle, friable and spongy ).

Nors — The consistency and the compactness of undisturbed soil should be
déefined clearly from the consistency of the soil when disturbed and manipulated.
For example, a very thick stratum of hard, dense shale or pre-consolidated clay
of high bearing capacity, not requiring piling, may be correctly classified as a fat
clay ( CH ) of high plasticity. Obviously the classification without description
of undisturbed condition might cause the interpreter to crroncously conclude
that it is soft and plastic in its natural state.

3.5 Laboratory Identification and Classification Procedure — The
laboratory method is intended for precise delineation of tae soil groups by
using results of laboratory tests, for gradation and moisture limits, rather
than visual estimates. Classification by these tests alone does not fulfil the
requirements for complete classification, as it does not provide an adequate
description of the soil. Therefore, the descriptive information required for
the field method should also be included in the laboratory classification.

3.5.1 Classification Criteria for Coarse-Grained Soils — The laboratory classi-
fication criteria for classifying the coarse-grained soils are given in Tables
3aund 4.

3.3.2 Boundary Classification for Coarse-Grained Soils — The coarse-grained
soils containing between 5 and 12 percent of fines are classified as border-
line cases between the clean and the dirty gravels or sands as for example,
GW-GC, or SP-SM. Similarly border-line cases might occur in dirty
gravels and dirty sands, where the I, is between 4 and 7 as, for example,
GM-GC or SM-SC. It is possible, therefore, to have a border line case of
a border line case. The rule for correct classification in this case is to
favour the non-plastic classification. For example, a gravel with 10 percent
fines, a Cu of 20, a Cc of 2'0 and 7, of 6 would classiied GW-GM rather
than GW-GC ( ], is the plasticitv index of the sail ).

3.5.3 Classification Criteria for Fine-Grained Soils — The laboratory classi-

fication criteria for classifying the fine-grained soils are given in the

lasticity chart shown in Fig. 1 and Table 4. The ‘ 4° line has the following
ﬂnear equation between the liquid limit and the plasticity index:

I, = 073 (w, — 20)
where
I, = plasticity index, and
w; = liquid limit.

11
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3.5.3.1 Organic silts and clays are usually distinguished from in-
organic silts which have the same position on the plasticity chart, by odour
and colour. However, when the organic content is doubtful, the material
can be oven dried, remixed with water, and rctested for liquid limit. Ths
plasticity. of fine-grained organic soils is greatly reduced on oven drying,
owing to irreversible changes in the properties of the organic material.
Oven drying also affects the liquid limit of inorganic soils, but only to a
small degree. A reduction in liquid limit after oven drying to a vzlue less
than three-fourth of the liquid limit before oven drying is positive identifi-
cation of organic soils.

3.5.4 Boundary Classification for Fine-Grai.ied Soils — The fine-grained soils
whose plot on the plasticity chart falls on, or practically on:
a) ‘A4’ line
b) ‘wp = 35’ line
¢) ‘wy = 50 line
shall be assigned the proper houndary ¢lassification.  Soils which plot above

the ¢ 4’ line, or practically on it, and which have plasticity index between
4 and 7 are classified ML-CL.

3.6 Black Cotton Soils — Black cotton soils arc inorganic clays of mediura
to high compressibility and form a major soil group in India. They are
predominantly montmorillonitic in structure and black or blackish grey in
colour. They are characterized by high shrinkage and swelling properties.
The majority of the soils, when plotted on the plasticity chart, lic along a

12
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band above the ‘ A’ line. The plot of some of the black cotton soils is
also found to lie below the ‘ 4’ line. Care should therefoie be taken in

classifying such soils.

3.7 Some other inorganic clays, such as kaolin, behave as inorganic silts
and usually lie below the ‘ 4’ line and shall be classified as such ( ML,
MI, MH ), although they are clays from mineralogical stand-point.

3.8 Relative Suitability for General Engineering Purposes — Table 5
gives the characteristics of the various soil groups pertinent to roads and
airfields. Table 6 gives the characteristics pertinent to embankments and
foundaticns. Table 7 gives the characteristics pertinent to suitability for
canal sections, compressibility, workability as a construction material and
shear strength. The information given in these tables should be
considered as a guidance only for treating a soil for a particular engineer-

ing purpose.

13
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TABLE 1 BASIC SOIL COMPONENTS

( Clause 3.3.2)
Su Son Som. CoM- SymsoL ParTicLE-S1zE RANGE
No. PONENT AND Drscriprion
) 2) 3 4) (5)
i) Coarse-grained Boulder None Rounded to angular, bulky, hard, rock
components %ﬁde; average diamcter more than
mm

Cobble None Rounded to angular, bulky, hard, rock
%ﬁcle; average diameter smaller than
mm but retained on 80-mm IS Sieve

Gravel G Rounded to angular, bulky, hard, rock
particle; passing 80-mm IS Sieve but
retained on 4:75-mm 1S Sieve

Coarse : 80-mm to 20-mm 1S Sieve
Fine : 20-mm to 4'75-mm 1S Sieve

Sand S Rounded to angular, bulky, hard, rock
particle; passing 4'75-mm IS Sieve but
retained on 73-micron IS Sieve

Coarse :475-mm to 20-mm IS Sieve
Medium : 2°0-mm to 425-micron IS Sieve

Fine  :425-micron to 75-micron IS Sieve
ii) Fine-grained Sile M Particles smaller than 75-micron IS Sieve;
components identified by behaviour, that is, slightly

plastic or non-plastic regardless cf mois-
ture and exhibits little or no strength
when air dried

Clay C Particles smaller than 75-micron IS Sieve;
identified by behaviour, that is, it can be
made to exhibit plastic properties within
a certain range of moisturc and exhibits
considerable strength when air dried

Organic (0] Organic matter in various sizes and stages
matter of decomposition

Norte — A comparison between the size classifications of IS : 1498-1959 * Classification
and identification of soils for general engineering purposes’ and the present revision is
shown in Appendix A.

14
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TABLE 5 CHARACTERISTICS PERTINENT TO ROADS AND AIRFIELDS

{ Clawse 3.8)
Soi  VALUE a3 Sus-  VaLue as Sus- Varue as Bane PorawtiaL CompresiniLIvy Deaixace Coumpacrion EQumusnt UnteDay  CBR  Sus-Gmaoe
Grour GRADE WHEN NOT BAsz wrEN XOT WHEN NOT SUB- FrostAcTion  anp Exeansion Citaracrenssrics Weonr  Vavz  Mobuios
Sumjzar 10 Sumject 10 JROT 10 FrosT glem?  Percent (k) kg/em?
Faoer Aorion  Faost Acmion Action
{0 @ @ #) ® (6) m ® ) (1) ()
3W  Excellent Excellent Good None to very  Almost none Excellent Crawler-type tractor, rubber-  2:00-224  40-80 831384
slight tyred  roller, steelwheeled
rutler
GP Good to excellent Good Fair to gooa Non.e to  very  Almost none Excellent Crawler-type tractor, rubber-  176-224  30-60 89-13-8¢
slight tyred  roller, stecl-wheeled
roller
d Good to excellent  Good Faictogood  Slight to medium  Very slight Fair to poor Rubber-tyred  roller, sheeps-  2:00-232  40-60 831984
foot roller, close control of
GM moisture
u Good Fair Poar to not Slight to medium  Slight Poor to practically Rubber-tyred roller, sheeps- 194216 20-30 55383
suitable impervious foot roller
i GC Good Fair Poor to not Slight to medium  Slight Poor to practically Rubber-tyred  roller, sheeps-  208-232 2040 559.8'3
‘: suitable impervious foot roller
1 SW  Good Fair to good Poor None to very  Almot none Excellent Crawler-type  tactor, rubber- 176208 20-40 5'33-11-07
: slight tyred roller
?SP Fair to good Fair Poor to not None to very  Almost none Excellent Crawler-type tractor, rubber- 1682116 1040 4151107
i suitable dlight tyred roller
‘; d Fair to good Fair to good Poor Slight to  high  Very light Fair to poor Rubber-tyred  rolfer, sheeps- 1922116 1540 4151107
: foot roller, closc control of
\SM moisture
. u Fair Poor to fair Not ruitable Slight to high  Slight 1o medium Poor to practically Rubber-tyred roller, sheeps-foot 1160-208 1020 271483
. impervious roller
i8¢ Poor to fair Poor Not suitable Slight 1o high  Slight to medium Poor to practically Rubber-tyred roller <heeps- 160-216 520 27793
‘ impervious foot voller
ML, M1 Poor tc fair Not suitable Not suitable Medium 10 very  Slight to medium Fair to poor Rubber-tvred  roller, sheeps-  1'44-2:08 150rless 277533
’ high foot roller, close control of
. moisture
L, CI Poor to fair Not suitable Not suitable Medium to high  Mediam Practically imper- Rubbertyred 10llr, sheeps- 144208 1Sorles 138415
X vious foot roller
OL, Ol Puor Not suitable Not suitable Medium to high  Mediumtohigh  Poor Rubber-tyred  roller, sheeps- 1'44-1'68  Sorles 138277
foot roller
MH  Poor Not suitable Not suitable M;‘di;;m to vey  High Fair to poor Sheeps-foot roller, rubber-tyred  128-1'68 10 orless 1:38-277
i roller
CH Poar w0 fair Not suitable Not suitable Medium High Practically imper-  Sheeps-foot roller, rubber-tyred 144184 15orles 138415
vious roller
OH  Poor to very poor  Not suitable Not witable Medium High Practically  imper- Shccpsl-roo: roller, rubber-tyred 128176 Sorless 0:69-277
viow roller
) Not suitable Not suitsble Not suitable Slight Very high Fair to poer Compaction not pratical - - -

Nore | — Column 1: Division of GM and SM groups into sub-division of d and u are for roads and airficlds only; sub-division is on basis of Atterberg limits; suffix d (for example GM d) will be
wsed when the liquid limit is 25 or les and the plasticity index is 5 or less; the suffix u will be used otherwise.

Nots 2 ~The equipment listed in col 8, will usually produce the required densities with a 1casonable number of passes when moisture condition and thickness of layer are properly conteolled.
In lo:e instances, several types of equipment are listed because variable soil characteristics within a given soil group may require different equipment. In some instances, 3 combination of two types
wmay be necesary.

8) Procecsed base maurials; other anguler materials — Stecl-wheeled and rubber-tyred rollers are recommended for hard, angular matcrials with limited fines or screenings. Rubber-tyred
equipment is recommended for softer materials subiect (o degradation.

b) Finishing — Rubber-tyred equipment it recommended for rolliag during final shaping operations for most soils and processcd materials,
Rubber-tyred equipment: Wheel load in excess of 6 800 kg, wheel loads as high as 18 100 kg may be necessary to obtain the required densities for some materials
based on contact premure of approximately 45 to 105 kgjem? ). Sheeps-foot roller: Unit pressure (on 387 to 774 cm? ) to be in exeess of 17°5 kg/em? and unit pressure as
high as 46 kglem® may be necessary to obtain the required denuties for some materials. The area of the feet should be at least 5 percent of the total peripheral area of the drums
using the diameter measured to the face of the feet,
Nors 8 -~ Unit dry weights in column 9 are for compacted soil at optimum moisture content for Indian Standard neavy compaction effort [ s IS 2720 ( Part VIII )-1965° ).

.Nnﬁ-'-‘ ﬂ“&n& ﬂ maximum value that can be used i design of airfields, is in some cases, limited by gradation and plasticity requirements, The values are representative of saturated

ONiatheds of test for soils:  Part VII! Determination of moture t-dry density relationship wsing beavy

<) m Size — The following sizes of equipment are necessary to assure the high densities required for airfield construction: Crawler-type tractor: Total weight 1 excess of
! X
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TABLE 6 CHARACTERISTICS PERTINENT TO EMBANKMENTS AND POUNDATIONS

Vavos or Eusarxauey

(2)
Very stable; pervious shells of dikes and dams

stable, perviow shells of dikes
il

Reasonably stable; not particulrly suited
to shells, bntmybeuledforinyrpcrviw
cores or blankets

Fairly stable; may be wied for imperviows
core

Very stable; perviows sections, slope protec-
ton required >

Reasonably stable; may be wed in dike
section with fat alopes

Fairly stable; not particularly suited to
shells, but may be used for imperviows
cores or dikes

Fairly stable; use for imperviow core for
flood control structures

Poor stability; may be used for embank-
ments with proper control

Stable; impervious cores and blankets

Not suitable for embankments

Poor stability; core of hydraulic fill dams
not desirabie in rolled hll comstruction

Fair stability with fiat slopes; thin cores,
blaskets I'Zd dike uctionllow

Not suitable for embankments

Not used fcr construction

Pruuzasitery
[ 1]
(%)
K> 10

K> 1=t

K w0~
to 10~4

K=l
1o 10
K> 104

K> 0=

Km0
to 104

K= 104
to 10~

K=107
to 10-4

Ke 104
to 104

Kwl0
to J0-4
K=l
to 104

Kw i
to 104

K w104
to 104

( Clows 88)
Coupaorion Citamacreanmos
(4)
Good; tractor, rubber tyred, steel-wheeled
voller h
do

Good; with close coatrol, rubber-tyred,
sheepe-foot roller

Fair; rubber-tyred, sheepe-foot roller
Good; tractor

Good; tractor

Good; with close control, rubber-tyred,
sheepr-foot roller

Fair; sheeps-foot roller, rubber tyred

Good to poor, close control emential;
rubbes-tyred roller, sheeps-foot roller

Fu";mt; good; sheeprfoot roller, rubber.

Fair to poor; sheepe-foot roller

Poor to very poor; sheeps-loot roller
Fair to poor; sheeps-foot roller
Poor to very poor; sheepe-foot v ler

Compaction not practical

Novs | ~ Values in Column 2 and 6 are for guidance only. Design abould be based on test results,

Unar Day
Waionr
glom?

()
200-2:16

134200

192216

184208
176208

160-192

176-2:00

168-2:00
152192
1'52:1°92
128-160

112182

120168

104160

Vawue or
Foumparion

(6)
' Good bearing value

Good to
value
density

Good .
e e
Very pocr, aucept-
e et
Good t0 poor bearing

Fair to poor bearing,
ma mmuive
settlements

Poor bearing
Fair 1 poor beariag
Vey poor bearing

Remove  from
foundation

o Bmxrack
Cowrnos,
(1)
Positive cutoff

Toe trench 1o nooe

Norx 2~ The equipment lited in Column ¢ will usually produce densities with a reasonable number of passes when moisture conditions and thickness of lift ate properly controiled.

Nor 3 — Unit dry weights in column 5 are for compacted soil at optimum moisture content for Indian Standard light compaction effort [ am IS: 220 { Part VII )-1965¢ .

*Methods of test for soils: Part VIi Determination of moisture content-dry density relation using light compaction,
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BUREAU OF INDIAN STANDARDS

Headquarters:

Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 110002
Telephones 323 0131, 323 3375, 323 9402

Fax 91 11 3234062, 91 11 3239399, 91 11 3239382

Telegrams Manaksanstha
(Common to all Offices)

Central Laboratory:

Plot No 20/9, Site IV, Sahibabad industrnial Area, Sahibabad 201010
Regional Offices:

Central Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 110002
*Eastern 1/14 CIT Scheme VII M, V| P Road, Maniktola, CALCUTTA 700054
Northern SCO 335-336, Sector 34-A, CHANDIGARH 160022

Southern C | T Campus, IV Cross Road, CHENNAI 600113

1tWestern Manakalaya ES, Behind Marol Telephone Exchange, Andhert (East),
MUMBAI 400093

Branch Offices.
‘Pushpak’, Nurmohamed Shaikh Marg, Khanpur, AHMEDABAD 380001

t Peenya Industrial Area, 1st Stage, Bangalore-Tumkur Road,
BANGALORE 560058

Gangotr Complex, 5th Floor, Bhadbhada Road, T T Nagar, BHOPAL 462003
Plot No 62-63, Umit VI, Ganga Nagar, BHUBANESHWAR 751001
Kalakathir Buildings, 670 Avinashi Road, COIMBATORE 641037

Plot No 43, Sector 16 A, Mathura Road, FARIDABAD 121001

Savitn Complex, 116 G T Road, GHAZIABAD 201001

53/5 Ward No 29, R G Barua Road, 5th By-lane, GUWAHAT| 781003
5-8-56C, L N Gupta Marg, Nampally Station Road, HYDERABAD 500001
E-52, Chitaranjan Marg, C-Scheme, JAIPUR 302001

117/418 B, Sarvodaya Nagar, KANPUR 208005

Seth Bhawan, 2nd Floor, Behind Leela Cinema, Naval Kishore Road,
LUCKNOW 226001

NIT Building, Second Floor, Gokulpat Market, NAGPUR 440010

Pathiputra Industrial Estate, PATNA 800013

Institution of Engineers (India) Building 1332 Shiva)l Nagar, PUNE 411005

TC No 14/1421, University PO Palayam, THIRUVANANTHAPURAM 695034

*Sales Office is at 5 Chowringhee Approach, PO Princep Street,
CALCUTTA 700072

t Sales Office i1s at Novelty Chambers, Grant Road, MUMBAI 400007

tSales Office is at 'F' Block,, Unity Building, Narashimaraja Square,
BANGALORE 560002

Telephone
8-77 0032

32376 17
337 86 62
60 38 43

23523 15
8329295

550 13 48
839 49 55

55 40 21
40 36 27
2101 41
8-28 88 01
8-711996
54 1137
2010 83
372925
216876
23 89 23

525171
26 23 05
32 36 35
62117

27 1085

309 65 28
22239 71
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