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IS : 2720 ( Part 4) - 1985

Indian Standard

METHODS OF TEST FOR SOILS
PART 4 GRAIN SIZE ANALYSIS

( Second Revision)

0. FOREWORD

0.1 This Indian Standard (Part 4) ( Second Revision ) was adopted by
the Indian Standards Institution on 25 January 1985, after the draft
finalized by the Soil Engineering Sectional Committee had been approved
by the Civil Engineering Division Council.

0.2 With a view to establishing uniform procedures for determination of
different characteristics of soils and also for facilitating comparative studies
of the results, this stancard-on methods of test for soils ( IS : 2720 ) is being
issued in parts. This part which was originally published in 1965 and
revised in 1975 deals with the method for the determination of grain size
distribution in soils. An analysis of this kind express quantitatively the
proportions by mass of the various sizes of particles present in the soil.
In a soil the gravel, sand silt and clay fractions are recognized as
containing particles of decreasing magnitude. ' The actual range of
dimensions of the particles are given in IS :1498-1970®. The results of
a grain size analysis may also be represented graphically in the form of a
grain size distribution curve in which the cumulative percentages finer
than known equivalent grain sizes are plotted against these sizes, the
latter being on a logarithmic scale. The results of grain size analysis are
widely used in soil classification. The data obtained from grain size
distribution curves is used in the design of filters for earth dams to
determine the suitability of soils for road construction.

0.2.1 In this second revision of the standard, grain sizes have béen
brought in line with IS : 1498-1970*. A plummet balance method as an
alternative method has been included. :

0.3 In reporting the result of a test or analysis made in accordance with
this standard, if the final value, observed or calculated, is to be rounded
off, it shall be done in accordance with IS : 2-1960%.

*Clagsification and identification of soil for general engineermg purposes
( first revision).

fRules for rouniding off numerical values ( revised ).
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1S : 2720 ( Part 4) - 1985
1. SCOPE

1.1 This standard (Part 4) covers the method for the quantitative
determination of grain size distribution in soils.

1.1.1 Two methods are given for finding the distribution of grain sizes
larger than 75-micron IS Sieve; the first method, wet sievings shail
be applicable to all soils and the second, dry sieving, shall be applicable
only to soils which do not have an appreciable amount of clay.

L1.2 For the determination of distribution of grain sizes smaller
than 75-microns the pipette method is given as the standard method; the
hydrometer method is given as a subsidiary method. This method shall
not applicable ifless than 10 percent of the material passes the 75-micron
IS Sieve ( determined as given in 4 ).

2. TERMINOLOGY

2.1 For the purpose of this standard, the definitions given in
1S : 2809-1972* shall apply.

3. fFIEVE ANALYSIS OF SOILS FRACTION RETAINED ON
475 mm IS SIEVE (DRY METHOD)

3.1 Apparatus

3.1.1 Balance — sensitive to 0°1 percent of the weight of sample to be
weighed.

3.1.2 Sieves — 100-mm IS Sjeve, 75-mm IS Sieve, 19-mm IS Sieve
and 475-mm IS Sieve conforming to the requirement -of
"5 : 460 (Part 1)-19781.

3.1.3 Rubber Pestle and Mortar

3.2 Preparation of Sample — The soil sample received from the field
shall be prepared as specified in IS : 2720 (Part 1)-1983%. The soil
fractions retained on and passing 4'75-mm IS Sieve shai. be taken
separately for the analysis.

3.3 Procedure — The portion of the soil sample retained on 4:75-mm
1S Sieve, selected as given in 3.2, shall be weighed and the mass recorded

*Glessary of terms and symbols relating to soils mechanics ( first revision ).
1Specification for test sieves : Part | Wire cloth test sieves ( second revision ).

$Methods of test for soils: Part 1 Preparation of dry soil samples for various tests
(second reviion ).
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as the mass of the sample uncorrected for hygroscopic moisture. The
quantity of the soil sample taken shall depend on the maximum particle
size contained in the soil ( see Note 1 ). The sample shall be separated into
various fractions by sieving through the Indian Standard Sieves specified
in 3.1.2. Other sieves may be introduced between the sieves mentioned
in 3,1.2 depending upon the additional information that may be desired
to be obtained from the analysis. While sieving through each sieve, the
sieve shall be agitated so that the sample rolls in irregular motion over the
sieve. Any particles may be tested to see if they will fall through but
they shall not be pushed through. The material from the sieve may be
rubbed, if necessary, with the rubber pestle in the mortar taking care to
see that individual soil particles are not broken and re-sieved to make
sure that only individual particles are retained. The quantity taken each
time for sieving on each sieve shall be such that the maximum weight of
material retained on each sieve at the comnletion of sieving does not
exceed the values given in Note 2.

Note | — Depending on the maximum size of material present in substantial
quantities in the soil, the mass-of soil sample taken for analysis mav be as follows:

Maximgm Size of Mass to be taken
Material Present in Sor Test
Substantial Quantities

mm kg
75 60
40 25
25 13

19 65

12:5 35

10 1’5

65 075
475 04

Note 2 — Maximum weight of material to be retained on each sieve at the
completion of sieving shall be as follows:

IS Sicve 450-mm Dia 300-mm Dia
Designation Siev-s Sicves
kg kg
80-mm 15 6
20-mm 4 2
475 mm 1-0 05

The mass of the material retained on each sieve shall be recorded.
If the sample appears to contain over 5 percent moisture, the water
content of the material shall be determined in accordance with

5
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IS : 2720 ( Part 2)-1973* and the masses corrected accordingly. When
the sample contains less than 5 percent moisture it is not necessary to
determine the water content for dry weight computations and all the
determinations may be made on the basis of wet weight only. If the soil
contains more than about 20 percent gravel particles and the fines are
very cohesive with considerable amounts adhering to the gravel after
separation, the gravel shall be washed on 4-75-mm IS Sieve using sodium
hexametaphosphate solution, if necessary. For further analysis a fresh
portion of the fraction passing 4'75-mm 1S Sieve shall be taken.

3.4 Calculations — The percentage of soil retained on each sieve shall
be calculated on the basis of the total mass of soil sample taken and from

these results the percentage passing through each-of the sieves shall be
calculated.

4. SIEVE ANALYSIS OF SOIL PASSING 475 mm IS SIEVE
AND RETAINED ON 75-MICRON IS SIEVE

4.1 Apparatus

4.1.1 Balance — Sensitive to 0-1 percent of the mass of sample to be
weighed.

4.1.2 Sieves — The following Indian Standard Sieves conforming to
1S : 460 ( Part 1 )-1978t:

2-mm IS Sieve, 425-micron IS Sieve, and 75-micron IS Sieve.

The sieves should be periodically checked up for aperture sizes.

4.1.3 Oven — Thermostatically controlled to maintain the temperature
between 105 and 110°C, with interior of non-corroding material.

4.1.4 Trays or Bucket — two or more large metal or plastic watertight
trays or a bucket about 30 cm in diameter and 30 cm deep ( convenient
sizes of the trays are in the range of 45 to 90 ¢cm* and 8 to 15 cm deep ).

4.1.5 Brushes — sieve brushes and a wire brush or similar stiff brush.

4.1.6 Moriar with a Rubber Covered Pestle

4.1.7 Mechanical Steve Shaker ( Optional )

4.1.8 Riffler

" *Methods of test for soils: Part 2 Determination of water content ( second ravision ).
tSpecification for test sieves : Part 1 Wire cloth test sieves { sscond revision ).

6
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4.2 Reagents — sodium hexametaphosphate (chemically pure) or a
mixture of sodium hydroxide ( conforming to IS : 376-1976* ) and sodium
carbonate ( analytical grade conforming to IS : 296-19741 ) or any other
dispersing agent which has been found suitable.

4.3 Procedure

4.3.1 Analysis by Wet Sieving — The portion of the soil passing 4:75-mm
IS Sieve obtained as given in 3.2 shall be oven-dried at 105 to 110°C.
The oven-dried material shall then be riffled so that a fraction of
convenient mass is obtained. This shall be about 200 g if a substantial
proportion of the material only, just passes the 4'75-mm IS Sieve or less
if the largest size is smaller. The fraction shall be weighed to 0°1 percent
of its total mass and the mass recorded. The riffled and weighed fraction
shall be spread out in the large tray or bucket and covered with water.

4.3.1.1 Two grams of sodium hexametaphosphate or one gram of
sodium hydroxide and one gram of sodium carbonate per litre of water
used should then be added to the soil (see Note 1). The mix should be
thoroughly stirred and left for soaking. The soil soaked specimen should
be washed thoroughly over the nest of sieves specified in 4.1.2 ( s¢ce Note 2 )
nested in order of their fineness with the finest sieve ( 75-micron 1S Sieve )
at the bottom. Washing shall be continued until the water passing each
sieve is substantially clean. Care shall be taken to see that the sieves are
not overloaded in the process ( see Note 3 ). The fraction retained on each
sieve should be emptied carefully without any loss of material in separate
trays. Oven dried at 105 to 110°C and each fraction weighed separately
and the masses recorded.

Alternatively, the soaked soil specimen may be washed on the
75-micron IS Sieve until the water passing the sieve is substantially clean.
The fraction retained on the sieve should be tipped without loss of
material in a try, dried in the oven and sieved through the nest of sieves
specified in 4.1.2 (se¢ Note 2 ) either by hand or by using mechanical
sieve shaker. The fraction retained on each sieve should be weighed
separately and the masses recorded.

NoTe 1 — The amount of dispersing agent may be varied depending on the type
of soil. A dispersing agent may not be required in the case of all soils; in such cases
the wet sieving may be carried out without the addition of dispersing agent.

Nore 2 — The sieves listed in 4.1.2 correspond to the limits of coarse, medium
and fine sand specified in IS : 1498-1970f. Other sieves may be introduced depending
on the additional information that may be desired to be obtained from the analysis.

*Specification for sodium hydroxide, analytical reagent ( second revision ).
+Specification for sodium carbonate, anhydrous ( second revision ).

IClassification and identification of soils for general engineering purposes
(first revision).
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No1e 3 — The permissible maximum mass of sample on the 200-mm diameter
sieves shall be as follows:

IS Sieve Designation Maximum Mass of Sample
[ 4
2-mm 200
425-micron 50
75-mijcron 25

4.3.2 Analysis by Dry Sieving

4.3.2.0 In the case of clayey soils this method shall not be used; wet
sieving shall be used.

4.3.2.1 The portion of the soil passing 4'75-mm IS Sieve obtained as
in 3.2 shall be oven-dried at 105 to 110°C and weighed to 0'] percent of
its total mass.

The sieve or sieves shall be agitated so that the sample rolls in
irregular motion over the sieve. No particle shall be pushed through
the sieve. The material retained on the sieve shall be rubbed with the
rubber pestle in mortar in re-sieved to make sure that only individual
particles are retained -on the sieve. The amount retained on the sieve
shall be weighed. The material retained in the receiver shall be
transferred to a steel tray and the receiver fitted to the nest largest sized
sieve. The contents of the steel tray shall then be placed on this sieve and
the operations indicated above repeated. These operations shall be
repeated through all the sieves specified in 4.1.3 ( see Note 2 of 4.3.1.1).
If a mechanical shaker is available these tests may be performed in one
operation. Care shall be taken to ensure that sieving is complete. A
minimum of 10 minutes shaking shall be used. The soil fraction retained
on each sieve shall be carefully collected in containers and the mass of
each fraction determined and recorded.

4.4 Calculation — The cumulative mass of soil fraction retained on each
sieve shall be calculated. The percentage of soil fraction retained on each
sieve shall be calculated on the basis of the mass of the sample passing
4-75-mm IS Sieve taken for the initial analysis. The combined gradation

on the basis of the total soil sample taken for analysis shall then be
calculated.

5. GRAIN SIZE ANALYSIS OF THE FRACTION PASSING
75-MICRON IS SIEVE OUT OF THE PORTION PASSING
475-mm IS SIEVE

5.1 Pipette Method ( Standard Method )

5.1.0 This method is not applicable if less than 10 percent of the
material passes 75-micron IS Sieve as obtained in 4.3.1.

8



IS : 2720 ( Parc 4) - 1985
5.1.1 Apparatus

5.1.1.1 Sampling pipette — of the type illustrated in Fig. 1 fitted with
a pressure and suction inlet and having a capacity of approximately 10 ml.
The pipette shall be so arranged that it can be inserted to a fixed depth
into a sedimentation tube when the latter is immersed in a constant
temperature bath ( see also Fig. 4).

5.1.1.2 Glass sedimentation tubes — a minimum of two of 50 mm

diameter and approximately 350 mm long marked at 500 ml volume with
rubber bungs to fit.

5.1.1.3 Weighing bottles — required number, fitted with round
stoppers or crucibles with suitable lids approximately 25 mm in diameter

and 50 mm high. The bottles or crucibles shall be weighed to the
nearest 0:001 gram.

5.1.1.4 Constant temperature bath — capable of being maintained at
27 4 0°1°C, into which the sedimentation tube can be immersed up to
500 ml mark. The bath shall not vibrate the sample ( optional ).

5.1.1.5 Stirring apparatus — a mechanical stirring device in which a
suitable mounted electric motor turns a vertical shaft at a speed of 8 000
to 10 000 rev/min when loaded. The shaft shall be equipped with a
replaceable stirring paddle of either of the types shown in Fig. 2 and,
made of metal, plastic or hard rubber. The shaft shall be of such length
that the stirring paddle will operate neither less than 20 mm nor more
than 35 mm above the bottom of the dispersion cup. A specia! dispersion
cup conforming to either of the designs shown in Fig. 3 shall be provided
to hold the sample while it is being dispersed.

The container and baffles shall be of such material as will not be
attacked by the reagents placed in the container. The motion of the soil
suspension shall be sufficient to mix the contents thoroughly but it shall
not be so vigorous that the particles will be crushed or lost through

splashing; neither shall it be so sluggish as to leave unmixed material in
the bottom of the container.

NoTE — Any other suitable dispersing device, such as mechanical bottle shaker

and air-jet dispersing device which produce comparable dispersion of the soil may
also be used.

5.1.1.6 Sieves — 2-mm, 425-micron, 75-micron IS Sieves and receiver.
5.1.1.7 Balance — to weigh up to 0-001 g.

5.1.1.8 Oven — thermostatically controlled to maintain temperature
of 105 to 110°C, will interior of non-corroding material.

9
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5.1.1.9 Stop waich
5.1.1L.10 Desiccator
5.1.1.11 Ewvaporating dish

5.1.1.12 Conical beaker — 650 ml or one litre capacity and a cover
glass to fit and a smaller beaker.

5.1.1.13 Funnel — Buchner or Hirch about 7 cm in diameter.
5.1.1.14 Filter flask — to take the funnel ( about 500 ml ).
5.1.1.15 Measuring cylinder — 100 ml capacity.

5.1L.1.16 Pipette — 25 ml capacity.

5.1.1.17 Glass filter funnel — about 10 cm in diameter.
5.1.1.18 Wash bottle — containing distilled water.

5.1.1.19 Filter papers

5.1.1.20 Blue litmus paper

5.1.1.21 Glass rod — about 15 to 20 cm long, 4 to 5 mm in diameter
fitted at one end with a rubber policeman,

5.1.1.22 Thermometer — 0 to 50°C, accurate to 0°5°C.

5.1.2 Reagents — The reagents shall be of analytical quality.
5.1.2.1 Hydrogen peroxide — 20 volume solution.

5.1.2.2 Hydrochloric acid  approximately N  solution — 89 ml of
concentrated hydrochloric acid (specific gravity 1-18) diluted with
distilled water to make one litre of solution.

5.1.2.3 Sodium hexametaphosphaie solution — Dissolve 33 g of sodium
hexametaphosphate and seven grams of sodium carbonate in distilled
water to make one litre of solution.

Norte 1 — This solution is unstable and shali be freshly prepared approximately
once a month. The date of preparation shall be recorded on the bottle.

NotE 2 — Solution hexametaphosphate has been found to be ineffective when
dealing with certain highlv flocculated soils. In such cases incomplete dispersion
ohtained is indicated by the formation of relatively large crumbs or flocks of soil
which fall rapidly through the water leaving a sharply defined clear laver above the
suspension and in such cases dispersion may be carried out by adding N sodiuin
hyvdroxide solution at the rate of 4 ml per 10 g of soil.

NoTE 3 — Any other dispersing agent which bas been proved suitable for
dispersing soils may be used.

12
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5.1.3 Procedure

5.1.3.0 If the soil fraction passing 75-micron IS Sieve during wet
sieving specified in 4.3.1 has been collected, this can be oven-dried and
used for pipette analysis, provided the soil has been pre-treated as specified
in 5.1.3.2. Where necessary, the oven-dried fraction shall be powdered in
a mortar with a rubber covered pestle taking care that the individual
grains are not crushed. 25 to 50 g ( depending on the soil type) of this
soil shall be used for the analysis. The other relevant portions of the

procedure specified in 5.1.3, 5.1.3.1, 5.1.3.3 and 5.1.3:4, shall be followed
for further analysis.

§5.1.3.1 Calibration of sampling pipette — The sampling pipette shall be
thoroughly cleaned and dried and the nozzle shall be immersed in
distilled water. The tap B-shall be closed and the tap E opened ( see
Fig. 4). By means of a rubber tube attached to C, water shall be sucked
up in the pipette until it rises above E. The tap E shall be ciosed and
the pipette removed from the water. Surplus water drawn up into the
cavity above E' shall be poured off through F into the small beaker by
opening the tap E in such a way as to connect D and F. The water
contained in the pipette and tap £ shall be discharged into a glass
weighing bottle of known mass and the mass determined. From this
mass the internal volume ( ¥Vp ml) of the pipette and the tap shall be
calculated to the nearest 0'05 ml. Three determinations of the volume
shall be made and the average taken.

5.1.3.2 Pre-treatment of soils — The percentage of soluble salts in the
soil shall be determined as specified in 18 : 2720 ( Part 21 }-1977*%. In
case it is more than one percent, the soil shall be washed with water
before further treatment taking care to see that soil particles are not lost
( see Note 1).

Two samples out of the soil passing 4°75-mm IS Sijeve obtained as
described in 3°2 weighing about 30 g shall be obtained by riffling from
the bulk sample. The water content (w) of one sample shall be
determined by the method prescribed in IS : 2720 (Part 2 )-19731.

The other sample shall be sub-divided by réffling. The actual mass
of soil required may vary according to the type of soil, 50 g with a sandy
soil and about 20 ¢ with a clay soil. This sampie shall be weighed to
0001 g ( W3,) and placed in the 650-ml conical beaker. 50 ml of distilled
water shall be added to this and the soil suspension gently boiled until
the volume is reduced to about 40 ml. After cooling 75 ml of hydrogen
peroxide shall be added and the mixture allowed to stand overnight

*Methods of test for soils: Part 21 Determination of total soluble solids ( first revision ).
+Methods of test for soils: Part 2 Determination of water content ( second revision ).
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covered with cover glass. The suspension shall then be gently heated.
Care shall be taken to avoid frothing over and the contents of the beaker
shall be agitated frequently either by stirring or by shaking the beaker.
As soon as vigorous frothing has subsided and when there is no further
reaction by the addition of fresh hydrogen peroxide, the volume shall be
reduced to about 30 ml by boiling.

In the case of soils containing calcium compounds ( sez Note 2 ) the
mixture shall be allowed to cool and about 10 ml of hydrochloric acid
shall be added. The solution shall be stirred with a glass rod for a few
minutes and allowed to stand for about one hour or for longer periods,
if necessary. The treatment shall be continued till the solution gives an
acid reaction to litmus. If the soil contains considerable amount of
calcium salts, more acid may be required. '

In the case of soils containing no calcium compounds or soluble
salts and having a low organic content (less than 2 percent) the pre-
treatment prescribed may be omitted and the dispersing agent shall be
added as prescribed in 3.1.3.3 direct to the soil taken for analysis.

The mixture after pre-treatment with peroxide and acid or acid
alone shall be filtered using the Buchner or Hirch funnel and washed with
warm water until the filtrate shows no acid reaction to litmus. The wet
soil on the filter paper and funnel shall be transferred without any loss
whatsoever to the glass evaporating dish ( weighed to 0-00! g ) using a
jet of distilled water. Only a minimum quantity of distilled water shall
be used. The dish and contents shall be dried in an oven maintained at
105 to 110°C. The dish and contents shall then be cooled in a desiccator
and weighed to 0:001 g. The mass of the soil remaining after pre-
treatment shall be recorded ( Wy ).

Note 1 — Owing to'the removal of calcium, iron, etc, by the acid during the pre-
treatment of the soil, the above method is not suitable for the determination of the
particle size distribution in soils predominantly containing chalk or lime and it may,
therefore, be necessary to adopt different methods of treatment with these and other
soils having similar special characteristics. Dispersion may be assisted by rubbing
the particles of soil in the suspension against the side of the evaporating dish with a
glass rod fitted with a rubber policeman. In some cases a longer mixing time may
help.

Lateritic soils will also be attacked by the acid but unless they contain calcium
they need not be given the acid treatment.

Note 2 — Acid treatment shall be carried out only for soils containing
insoluble calcium salts.

14
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5.1.3.3 Dispersion of soil — 25 ml sodium hexametaphosphate solution
shall be added to the soil in the evaporating dish together with about
25 ml of distilled water and the soil brought into suspension by stirring
with a glassrod. The mixture shall be warmed gently for 10 minutes
and then transferred to the cup of the mechanical mixer using a jet of
distilled water to wash all traces of the soil out of the evaporating dish.
Any soil adhering to the dish shall be rubbed off with the rubber
policeman. The amount of water used shall not exceed 150 ml. The soil
suspension shall then be stirred well for 15 minutes or longer in the case
of highly clayey soils ( see Note ).

The suspension shall then be transferred to 75-micron IS Sieve
placed on a receiver and the soil shall be washed on this sieve using a jet
of distilled water from a wash-bottle. Particular care shall be taken to
wash off all traces of suspension-adhering to the dispersion cup. The
amount of distilled water used during the operation shall not exceed
150 ml. The suspension, that has passed through this sieve shall then be
transferred to the sedimentation tube using the glass funnel and the
volume of liquid is made up to 500 ml with distilled water.

The material retained on the 75-micron IS Sieve may be oven-dried
and treated as prescribed in 4.3.2 and the cumulative percentages of the
soil fraction retained on each sieve shall be calculated.

NoTE -—— Any other suitable stirring device other than the one specified in 5,1.1.5,
such as the bottle shaker, may be used and the stirring time shall be adjusted
suitably.

5.1.3.4 Sedimentation — 25 ml of sodium hexametaphosphate solution
shall be added from a pipette to a graduated 500-ml sedimentation tube
{ comparison tube ) and -diluted with distilled water to exactly 500 ml.
This sedimentation tube together with the tube containing the soil sus-
pension shall be immersed in the constant temperature bath ( where used ),
the temperature of the bath noted ( se¢e Notes 1 and 2 ), the rubber bungs
inserted and the tubes allowed to stand until they have reached the
temperature of the bath. The tubes with their contents shall then be
thoroughly shaken by inverting the tubes several times. They shall then
be replaced in the apparatus, simultaneously starting the stop watch.
The rubber bungs shall then be carefully removed without agitating the
tubes.

The pipette with the tap E closed shall be lowered vertically into
the soil suspension until the end is 100 4= | mm below the surface of the
suspension. It shall be lowered with great care some 15 seconds before the
sample is due to be taken. Approximately 10 seconds shall be taken to
complete this operation. The tap E shall be opened and a sample
( Vp ml) drawn up into the pipette. The pipette and the bore in the tap
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E shall be filled -with solution and tap E then closed. This operation
shall take 10 seconds to complete,

After each sampling operation the pipette shall be withdrawn from
the suspension, taking approximately 10 seconds to complete the
operation.

During the sampling a small amount of the suspension may have
been drawn up into the bulb D above the bore of the tap E. This
surplus shall be washed away into the beaker down the outlet tube F by
opening the tap E in such a way as to connect D and F. Distilled
water shall then be allowed to run from the bulb funnel 4 into D and out
through F until no solution remains in the system.

A tared weighing bottleshall be placed under the end of the pipette
and the tap E opened so that the contents of the pipette are delivered
into the bottle. Any suspension left on the inner walls of the pipette shall
be washed into the weighing bottle by allowing distilled water from the
bulb 4 to run through B, D and E into the pipette. This procedure
shall be repeated at the end of each time corresponding to particle
diameters 0°02 mm, 0°006 mm, 0:002 mm, 0'001 mm calculated on the
basis of equation given in 5.1.4.3 (a). Table ] gives the time of settling
to a depth of 100 mm of particles of various diameters for temperatures
ranging from 10 to 35°C for an average specific gravity of soil of 2-68.
The weighing bottles and contents shall beplaced in the oven maintained
at 105 to 110°C and the sample evaporated to dryness. After cooling in
a desiccator the weighing bottle and contents shall be weighed to the
nearest 0001 g and the mass of the solid material in the sample
determined ( Wh, W,, W3, .and W, for each respective sampling time ).

Between any of the times in which the above sampling is taking
place, a sample ( ¥p ml) shall be taken from the tube containing the
sodium hexametaphosphate solution. The mass of solid material in the
sample shall be determined { Ws).

The specific gravity of the soil fraction passing the 75-micron IS
Sieve shall be determined by the method specified in IS:2720
( Part 3/Sec 1 )-1980*.

NoTe 1 — If a constant temperature bath is not available for the test, the test
may be performed at room temperature. The temperature shall be noted at the
time of sampling and suitable correction made in the calculation of the equivalent
diameter of soil grains on the basis of equation in 5.1.4.3 (a).

Nore 2 — Asymmetrical heating of the suspension causes convection currents
which affect the sedimentation process, The suspension should, therefore, be kepr

*Methods of test for soils : Part 3 Determination of specific gravity, Section 1 Fine
grained soils { first revision ).
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out »f direct sunlight and away {rom any local source of heat. Evaporation should
be retarded bv keeping a cover on the measuring cylinder between readings.
Nore 3 — It is not necessary to measure the specific gravity of every sample
used for fine analysis. An average value for samples from the same area or soil type

in an area mav be used without loss .of accuracy. It is essential that the specific
gravity used is that of the fraction passing 75-micron I8 Sieve.

5.1.4 Calculations

5.1.4.1 Loss in mass in pre-treatment — The loss in mass in pre-
treatment of the soil in percentage shall be calculated as follows:

W (100 +w)

P =100 — e

where
P = loss in mass in percentage,
W = mass of soil after pre-treatment,

w = air dry moisture content of the soil taken for analysis,
and

Wa = mass of air dry isoil used.

5.1.4.2 Sieving — The percent of soil sample passing each of the sieves
used in the analysis shall be calculated using the mass of the pre-treated
soil ( Wy )

5.1.4.3 Sedimentation

a) Diameter of particle — The diameter of the particle in suspension
at any sampling time ¢ shall be calculated from the formula:

30u H
D=V980(G-—G1) ’\/ ;

D = diameter of particle in suspension, in mm;

where

# = coefficient of viscosity of water in poises at the
temperature of suspension at the time of sampling;

G = specific gravity of the soil fraction used in the sedimen-
tation analysis, in g/cm3;

Gi = specific gravity of water, in g/cm?;

H = height of fall of the particles or sampling depth, in cm;
and

t = time elapsed before sampling, in minutes.
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TABLE 1 RATE OF SETTLING OF PARTICLES AT VARIOUS TEMPERATURES
( AvErAGE SPECIFIC GRAVITY OF SoIL ASsUMED As 2°68 )

( Clause 5.1.3.4)

DiaMETER, mm

TEMPERA-

TURE = e e e A e e e e e e e e e —

°C ‘001 -002 -003 ‘004 -005 ‘006 -007 ‘008 ‘009 01 ‘02 ‘03 ‘04 05 -06 ‘07 ‘08 09 -1
r A N —A ~ —_ A — y

( Time for a fall of 100 mm )
e ey — —_— - A - ~
h min s

n 2 (3 @ () ®\ () & O (0 (a1 (12) 13) (14) (15) (16) (17) (18) (19) (20)
10 4080 1019 453 2'55 980 680 530 383 302 245 367 163 92 59 408 318 229 181 147
11 3964 991 440 248 952 661 51'5 372 293 238 357 158 8Y 57 396 309 223 176 143
12 38'55 063 428 241 926 642 501 361 285 231 347 154 87 55 385 300 217 17'1 139
13 3748 937 416 234 900 625 487 351 277 225 337 150 84 54 375 292 211 167 135
14 3639 910 404 228 876 608 473 342 270 21'9 328 146 82 52 364 284 205 162 131
15 3545 886 3-93 222 851 59.2 461 333 262 213 319 142 80 51 354 276 199 158 127
16 3449 862 383 216 828 576 449 324 255 207 310 138 78 50 345 269 194 153 124
17 3364 841 373 210 808 56°1 437 31'5 249 202 302 134 76 48 336 262 189 148 121
18 32:73 818 364 204 786 546 425 307 242 196 294 131 74 47 3277 255 184 145 11'8
19 3189 798 - 354 199 766 532 41'4 299 236 191 287 127 72 46 31'9 248 179 141 115
20 31'10 777 345 1'94. 746 51'8 404 291 230 186 280 124 70 45 31'1 242 175 138 115
21 3028 757 336 189 727 506 394 284 224 182 273 121 68 44 303 236 170 134 109
22 29-55 738 328 185 709 493 384 277 218 177 266 118 66 42 295 230 166 131 106
23 28.81 721 320 1'80 692 481 375 270 21’3 173 259 115 65 41 288 224 162 128 104
24 28°12 703 312 1'76 675 469 366 264 208 169 253 113 63 40 281 219 158 125 101
25 2878 686 305 172 659 458 357 258 2003 165 247 110 62 39 278 214 155 122 99
26 2681 6'71 298 168 644 447 348 252 198 161 241 107 60 39 268 209 151 1i1'9 96
27 26°19 654 291 164 629 437 340 246 194 157 236 105 59 38 262 204 147 11'6 94
28 2560 640 284 1'60 614 427 332 240 190 154 231 102 58 37 256 199 144 11'4 92
29 2504 625 278 136 60°1 41'7 325 234 185 150 226 100 56 36 250 194 141 11'1 90
30 2446 612 272 1'53 58'8 408 318 229 181 149 221 98 55 35 245 190 138 108 88
31 2395 598 266 150 575 399 311 224 177 144 216 96 54 34 239 186 135 106 86
32 2344 586 260 1147 563 391 304 219 17:3 141 221 94 53 34 234 182 132 104 85
33 2295 574 255 1-44 551 383 298 215 170 138 206 Y2 52 33 229 (78 (29 102 84
34 22:50 562 250 141 540 375 292 211 166 135 202 90 5% 32 225 175 126 1000 81
35 2201 550 245 138 529 367 286 2007 163 132 198 89 50 32 220 172 124 98 79

€861 - (¥ 1xed) 0727 ST
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b) Percentage finer than D

1) The mass of solid material in 500 ml of suspension for each
respective sampling time shall be calculated from the formula:
M or M, or M;

or M, etc, or e on 1y, or W, or W,, etc, or W

M, in g = v, X 500
where
My
M, | - . .
M, % = mass of material in 500 ml from respective samplings,
M, |
etc J
M; = mass of sodium hexametaphosphate in 500 ml of
solution,
Wi
w, |
W, % = mass of material in p ml from respective samplings,
W, !
etc J
W, = mass of sodium hexametaphosphate in ¥, ml of
solution, and
V, = volume in ml of sample pipetted for respective

samplings.

2) The percentage by mass (W), of particles finer than diameter
D shall be calculated from the formula:

W=(Ml or M,or M,or M, etc) — M

A ® x 100
where

M, "

M) !

11{44; % = mass of material in 500 ml from respective samplings,
“y

M, = mass of sodium hexametaphosphate in 500 ml of

solution, and
Wy = mass of soil after pre-treatment,

5.1.4.4 Combined gradation— Combined gradation for cach of the
particle sizes covered by 5.1.3.4 shall be calculated on the basis of the
total soil sample taken for analysis.
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5.2 Hydrometer Method ( Subsidiary Method )

5.2,0 This method is not applicable, if less than 10 percent of the
material passes 75-micron IS Sieve.

5.2.1 Apparatus

5.2.1.1 Hydrometer — of the type illustrated in Fig. 5 and fulfilling
the following requirements:

a) There shall be no abrupt changes in the cross section of the
hydrometer, such as will hinder cleaning or drying or permit air
bubbles to be trapped.

b) The hydrometer shall be graduated on the basis of a liquid
having a surface tension of 55 dynes/cm.

c) The graduation lines shall be at intervals of 0°0005, every
alternate line shall extend beyond the shortest lines, every tenth
graduation shall exceed that of all the intervening lines and shall
be numbered in full. A recommended scale is shown in Fig. 5.

d) The basis of the scale shall be density { g/ml) at 27°C.

e) The maximum permissible scale error on the hydrometer is plus
or minus one scale division.

f) The other general requirements shall satisfy those specified in
IS : 3104-1965*.

5.2.1.2 Glass measuring cylinders — two of 1000 ml capacity with

ground glass or rubber stoppers about 7 cm diameter and 33 c¢m high
marked at 1 000 ml volume.

5.2.1.3 Thermometer — to cover the range 0°50°C accurate to 0-5°C.

5.2.1.4 Water-bath or consiant temperature room ( optional ) ~ for
maintaining the soil suspension at a constant temperature during the
hydrometer analysis. A satisfactory water tauk is an insulated tank
that maintains the temperature of the suspension at a convenient constant
temperature. Such a device is illustrated in Fig. 6.

5.2.1.5 Stirring apparatus — as specified in 5.1.1.5.
5.2.1.6 Sicves — as specified in 5.1.1.6.
5.2.1.7 Balance — accurate to 001 g.

*Specification for density hydrometers,
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"
1 20 TO 40
00995 — |
10000 =
1005 =
E 407 O-f fa—
1010 =
L015 = 130 TO 150
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10025 =
10030 = .
10 T0O 20
50
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|
60 150 TO 170
APPROX
50
APPROX
- 2970 31 ¢

All dimensions in millimetres,

Fic. 5 HyproMETER

22



1S:2720 ( Part 4) - 1985

™

2 4
!
=t

_.1;‘._
a
[F - b=
4
_“
Iy g
v
]
e

-

940 75~
75

/- GALVANIZED STEEL SHEET OVERFLOW
S Sl =

a
N 185 \ 25 mm THICK

X wOOD CASING

rs 22 \
¢ 2 N . \
g g e eyl

oo ldicly
INLET Z Lerass pLate

50 mm THICK CORK INSULATION

All dimensions in millimetres.

Fic. 6 ILLUSTRATED WATER Batn

5.2.1.8 Ouen — thermostatically controlled to maintain a temperature
of 105 to 110°C, with interior of non-corroding material.

5.2.1.9 Stop watsh

5.2.1.10 Desiccator

5.2.1.11 Centimetre scale

5.2.1.12 Porcelain evaporating dishes — four, about 15 cm in diameter.

5.2.1.13 Wide-mouth -conical flask or conical beaker — of 1000 ml
capacity.

5.2.1.14 Buchner or Hirch funnel — about 10 cm in diameter.
5.2.1.15 Filter flask — to take the-funnel.

4,2.1.16 Measuring cylinder — of 100 ml capacity.

5.2.1.17 Wash -bottle — containing distilled water,

5.2.1.18 Filter papers

5.2.1.19 Blue litmus paper

23



IS : 2720 ( Part 4) - 1985

5.2.1.20 Glass rod — about 15 to 20 cm long and 4 to 5 mm in
diameter.

5.2.2 Reagents — The reagents shall be of analytical quality.
5.2.2.1 Hydrogen peroxide — See 5.1.2.1.
5.2.2.2 Hydrochloric acid N solution — See 5.1.2.2,

5.2.2.3 Sodium hexametaphosphate solution — See 5.1.2,.3 and Notes 1, 2
and 3 thereunder.

5.2.3 Calibration of Hydrometer

5.2.3.1 Volume — The volume of the hydrometer bulb ( ¥} ) shall be
determined in one of the following ways:

a) From the volume of water displaced — Approximately 800 m! of
water shall be poured into the 1 000 ml measuring cylinder.
The reading of the water level shall be observed and recorded.

The hydrometer shall be immersed in the water and the level
shall again be observed and recorded.

The difference between the two readings shall be recorded as the
volume -of the hydrometer bulb in millilitres plus the volume of
that part of the stem that is submerged. For practical purposes
the error due to the inclusion of this stem volume may be
neglected.

b) From the mass of the hydrometer — The hydrometer shall be weighed
to the nearest 0°1 g.

The mass in grams shall be recorded as the volume of the
hydrometer in millilitres. This includes the volume of bulb plus
the volume of the stem below the 1'000 graduation mark. For

practical purposes the error due to the inclusion of this stem may
be neglected.

5.2.3.2 Calibration

a) The sectional area of the 1 000 ml measuring cylinder in which
the hydrometer is to be used shall be determined by measuring
the distance between two graduations. The sectional area ( 4) is
equal to the volume included between the two graduations
divided by the measured distance in centimetres between them.

b) The distance from the lowest calibration mark on the stem of
the hydrometer to each of the other major calibration marks
( Rn ) shall be measured and recorded.
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c) The distance from the neck of the bulb to the nearest calibration
mark shall be measured and recorded.

d) The distance H corresponding to a reading Ry is the sum of the
distances measured in (b ) and (c).

e) The distance { k) from the neck to the bottom of the bulb shall
be measured and recorded as the height of the bulb.

NotE — The distance 4/2 locates the centre of volume of asymmetrical
bulb. If an asymmetrical bulb is used, the centre of volume can be determined
with sufficient accuracy by projecting the shape of the bulb on to a sheet of
paper and locating the centre of gravity of the projected area.

f) The effective depth (Hz) corresponding to each of the major

calibration marks ( Ry ) shall be calculated from the following
formula :

Hy = Hy + % [h —Z‘;—
where
Hy = effective depth;
H,; = length from neck of bulb, to graduation Ry, in cm;

h = twice the length from neck of bulb to its centre
of volume, in cm;

Vin = volume of hydrometer bulb, in m]; and
A = area of measuring cylinder in cm?.

Note — The factor —gh—inﬁxe above equation shall not be applied to

hydrometer reading taken after periods of sedimentation of half, one, two
and four minutes as specified in 5.2.4.3(a).

g) The relationship between Hx and Rp may be plotted as a smooth
curve which may be used for finding the effective depth ( Hy)

corresponding to hydrometer readings ( Rp) obtained during
test.

5.2.3.3 Meniscus correction — The hydrometer shall be inserted in a

1 000-ml measuring cylinder containing about 700 ml water. By
placing the eye slightly below the plane of the surface of the liquid, and
then raising it slowly until the surface seen as an ellipse becomes a
straight line, the point where the plane intersects iliz hydrometér scale
shall bé determined. By placing the eye slightly above the plane of the
surface of the liquid, the point where the upper limit of the meniscus
intersects the hydrometer scale shall be determined. The difference
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between the two readings shall be recorded as the meniscus correction
Cn. This is a constant for a given hydrometer.

5.2.4 Procedure

5.2.4.1 Pre-treatment of soil — The percentage of soluble salts shall be
determined. In case it is more than one percent, the soil shall be washed
with water before further treatment, taking care to see the soil particles
are not lost ( see Note 1 under 5.1.3.2 ).

Two samples each of mass 50 to 100 g approximately shall be obtain-
ed by riffling from the air dried sample passing the 4'75-mm IS
Sieve obtained as in 3.3. The actual amount of soil required will vary
according to the type of soil, 50 g with a clay soil and 100 g with a sand
soil. The moisture content ( w )} of one sample shall be determined by
the method given in IS : 2720 ( Part 2 }-1973*. The other sample shall
be accurately weighed ( W5 ) to the nearest 0°01 g and placed inthe wide
mouth conical flask. 150 ml of hydrogen peroxide shall then be added
and the mixture stirred gently with a glass rod for a few minutes after
which it shall be covered with a cover glass and left to stand overnight.
The mixture in the conical flask shall be gently heated. Care shall be taken
to avoid frothing over-and the contents of the dish shall be periodically
stirred. As soon as vigorous frothing has subsided the volume shall be
reduced to about 50 ml by boiling. With very organic soils additional
peroxide may be required to complete the oxidation.

In the case of soils containing calcium compounds ( se¢e Note 2
under 5.1.3.2 ) the mixture shall be allowed to cool and about 50 ml of
hydrochloric acid added. The solution shall be stirred with a glass rod
for a few minutes and allowed to stand for ane hour or for longer periods,
if necessary. If the soil contains a considerable amount of calcium salts

more acid may be required. When the treatment is complete the solution
shall have an acid reaction to litmus.

In the case of soils containing no calcium compounds or soluble salts
and having a low organic content ( less than 2 percent ) the pre-treatment
prescribed may be omitted and the dispersing agent shall be added as
in 5.2.4.2 direct to the soil taken for analysis.

The mixture shall then be filtered and washed with warm water
until the filtrate shows no acid reaction to litmus. The damp soil on the
filter paper and funnel shall be transferred without any loss whatsoever
to the evaporating dish ( weighed to 0°01 g ) using a jet of distilled water.
Only the minimum quantity of distilled water shall be used. The dish

*Methods of test for soils : Part 2 Determination of water content ( second revision ).
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and contents shall be placed in an oven and dried at 105 to 110°C. The
dish and contents shall then be transferred to the desiccator and allowed
to cool. They shall then be weighed to 001 g, and ‘the mass of soil
remaining after pre-treatment shall be recorded ( W; ).

5.2.4.2 Dispersion of soil — To the soil in the evaporating dish 100 ml]
of sodium hexametaphosphate solution shall be added and the mixture
shall then be warmed gently for about 10 minutes and then transferred
to the cup of the mechanical mixer using a jet of distilled water to wash
all traces of the soil out of the evaporating dish. The amount of water

used may be about 150 m]. The soil suspension shall then be stirred
well for 15 minutes.

The suspension shall then be transferred to the 75-micron IS Sieve
placed on a receiver and the soil shall be washed on this sieve using a jet
of distilled water from a wash bottle. Particular care shall be taken to
wash off all traces of suspension adhering to the dispersion cup. The
amount of distilled water during this operation may be about 500 ml.
The suspension that has passed through the sieve shall be transferred to
the 1000 ml measuring cylinder and made up to exactly 1000 ml with

distilled water. This suspension shall then be used for the sedimentation
analysis.

The material retained on the 75-micron IS Sieve may be over-dried
and analysed as specified in 4.3.2.1 and the cumulative percentages of
the soil {raction retained on each sieve shall be calculated.

5.2.4.3 Sedimentation

a) A rubber bung shall be inserted in the mouth of the measuring
cylinder which shall then be shaken vigorously and finally be
inverted end over end. Immediately the shaking has ceased,
the measuring cylinder shall be allowed to stand ( in the constant
temperature bath, if used ) and the stop watch started. The
‘hydrometer shall be immersed to a depth slightly below its
floating position and then ailowed to float freely. Hydrometer
readings shall be taken after periods of half, one, two and four
minutes. The hydrometer shall then be removed slowly,
rinsed in distilled water and kept in a cylinder of distilled
water at the same temperature as the soil suspension.

b) The hydrometer shall be re-inserted in the suspension and
readings taken after periods of 8, 15 and 30 minutes, one, two
and four hours after shaking ( se¢ Note ). The hydrometer shall
be removed, rinsed and placed in the distilled water after each
reading. After 4 hours hydrometer readings shall be taken
once or twice within 24 hours, the exact periods of sedimentation
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being noted. Finally a reading may be taken at the end of
24 hours. In taking all readings, insertion and withdrawal of
tne nyuromeler Dexore dﬂu ‘uter taxlng a rea.uulg Sﬂall ue QUX\C
carefully to avoid disturbing the suspension unnecessarly. Ten
seconds shall be allowed for each operation. Vibration of the
sample shall be avoided.

Norte — Other suitable time intervals may be used, provided they give
nearly equally spaced points on the grain size distribution curve.

c¢) The temperature of the suspension shall be observed and
recorded once during the first 15 minutes and then after every
subsequent reading. The temperature shall be read with an.
accuracy of at least 4 §-5°C. Hydrometer readings shall also be
taken in pure distilled water at the corresponding temperatures
and the temperature correction ( M:) calculated as the
difference between this reading and ‘the readmg corresponding
to the density of water at the calibration temperatures. A chart
of such corrections for all temperatures may also be prepared
for ready use.

NoTkE — The temperature of the suspension over the period of the test
should not differ from the mean temperature by more than +2°C in order
not to cause an error in the particle size of more than 2 percent. This
requirement will generally be fulfilled if the maximum difference in room
temperature is not greater than about 8°C. 1f the variation in temperature

is likely to be greater than this the constant temperature bath should be used
( see alse Note 2 under 5.1.3.4).

d) The correction ( x ) to be applied for the dispersing agent shall
be ascertained by placmg exactly 50 ml of the sodium hexamecta-
phosphate solution in a previously weighed glass wexghmg bottle

and afrar cvanarating the watar he Arging 2+ 105 ¢4 110°C 300 an
aiiu ailcl bVﬂPUlaLll‘s L1iC vvailutl U’ A E ,‘lls QAL IVY WO LY R 1Al Al

oven, the mass of dispersing agent ( W) shall be calculated.

The dispersing agent correction ( x } shall then be calculated from
the formula:

X=2W,
This correction is independent of the temperature.
Alternatively, the correction may be obtained directly by making up
a 1 000 mli cylinder full of distilled water containing the same proportion
of dispersing agent and at the same temperature, and placing the
hydrometer in this solution. The corrected zero reading may then be
read directly. This correction shall be correcied for temperature,.

5.2.5 Calculations

5.2.5.1 Loss in mass in pre-treatment — The loss in massin pre-treatment
of the soil shall be calculated using the formula given in 5.1.4.1.
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5.2.5.2 Sieving — The percent of soil sample passing each of the sjeve
used in the analysis shall be calculated using the mass of the pre-treated

soil and as percentages of the total soil sample taken for analysis.

5.2.5.3 Sedimentation

a) Diameter of the particles — The diameter of the particle in
suspension at any sampling time ¢ shall be calculated from the
formula:

D= / 308 A/ _He

A )
'V 980 (G—G) 'V t

where

D = diameter of particle in suspension, in mm;
# = coefficient of viscosity of water at the temperature of

the suspension at the time of taking the hydrometer
reading, in poises;

»
=]
»
—

-
w
o

&

G, = specific gravity of water;

H. = effagtive Annt‘n corresponding to {
AXR T CiiCAWAY VS IvopVAIGIALE VW Alh |\

[see Note under 5.2.3.2 (£)); and

¢t == time elapsed between the beginning of sedimentation .
and taking of hydrometer reading in minutes.

The hydrometer reading corrected for meniscus ( R, ) shall be
calculated from the following formula:

.
Ry =Ry + Cn
where
P - hudroameter raading carractad foar maniscue
iy = AyGQromeier réaaing COrreCled io0r monisdus,

Note — A nomographic chart for solving the above equation is given in Fig. 7.
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b) Percentage finer than D — The percentage by mass ( W) of

nn:glclgs smaller than corresnonding equivalent

...... LOITCspoiaciilg Cqeay

dlameters shall be calculated from the formula:

narticle
particle

. 160G
W=

Wb(G (Rh+Mt '—x)

G, = specific gravity of soil particles,
Wy = weight of soil after pre-treatment;

Ry = hydrometer reading corrected for meniscus (for the

type of hydrometer graduations illustrated in Fig. 5,
Ry is obtained by reading the decimals only and placmg
the decimal point between the third and the fourth
decimal places);

M, = temperature correction; and

x = dnpc: Sion ascut correction.
The values of W shall be calculated for all the values of D obtained
and shall be expressed as percentages of particles finer than the
corresponding value of D. These percemages shall then be expressed as

combined percentages of ithe total soil sample taken for analysis.
5.3 PLUMMET BALANCE ( Alternative Method )

5.3.1 Principle —Plummet balance is essentially a specific gravity
balance and is dc-‘usucd on the lJlAu\.lelv that aujiiStmeﬁL for dcyth of
immersion of the plummet is more rapid requiring less precision than
adjustment for weight. The only manipulation is adjustment of the
height of the balance so that the plummet sinks to the right depth. This

,permits at any time, to directly read percentage of soil in suspension
with easy Lolupumuu 1 of diameter of the pariicle by Stoke’s law.

5.3.2 Apparatus

5.3.2.1 Plummet balance — I'igure 8 illustrates the basic components.

Tha nlummat halane, consicts af a haea with theaa lavalling sarawea
148 piummet Oa:ance COmSists &1 a tase wita tnree ieVening Screws

over which an upright pillar is fixed. A light weight pointer beam
mounted with the help of steel pivot and jewel bearings on to the
scale arm. At the end of this scale arm a scale shall be fixed. The '
pomter shall be allowed on to move over the scale. The scale arm shall
Ut: uzu:u on two UlULKh dl.l.lllg as gulUCB i0 move on uu: upngut P)lldr.
A pinion knob and a rack and pinion arrangement facilitates easy
movement of this scale arm assembly to move up and down as desired.
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The pointer has two adjusting screws allowing the adjustment of the
zero reading. A plummet made of perspex with a string and hook for
hanging to the pointer shall be provided. This plastic plummet shall
weigh 3 gm in water. A plumb bob shall be provided on the scale
arm carrier for adjustment of the level of the instrument.

5.3.2.2 Glass measuring cylinders — Two 1 000 ml capacity with ground
nd

lase or rubber stonpners about 7 cm diameter and 33 em hufh marked at

1000 ml volume. R

5.3.2.3 Thermometer — to cover the range up to 50°C accurate up to
0-5°C.

5.3.3 Procedure — see Fig. 8.

5.3.3.1 Initial setting and adjustment level the instrument with the
help of plumb bob and levelling screws. Two rider weights provided
thh the apparatus shal} be used for checkmg cahbrauon and for any
au;ustment. lnﬂ welgnt marneu lUU wnen nung on io Ine HODK provxueu
for hanging the plummet on the beam should read 100 and when the
weight marked zero is hung the pointer should read zero. If adjustments
are necessary at any time to obtain 0 and 100 readings, adjusting
screws shall be used for changing the range and the other screw for
setting the zero. Then the plummet shall be hooked to the beam
after lowering in a container filled with distilled water. The pinion
Lnah than anaratad ta hring tha niva ~f tha a denth of

ot ad
£LNnC0 15 aen Lpliawi W uAJ.us tiie centre of the ylulunuvt ata ucpua Ui

9 cm or any other specified depth at which the usual readings are taken.
Make a mark on the string. If the pointer does not read zero then
adjust the screw. Do not tamper with the adjustment of the screw for
doing this adjustment. The balance is now ready for use.

5.3.3.2 Pre-treatment of soil — The material retained on the 75 micron
IS Sieve is oven dried and analysed as specified in 4.3.2.1. The
pretreatment is done as per the procedure as in 5.2.4.

5.3.3.3 Dispersion of soil — The procedure is same as in 5.2.4.2.

5.3.3.4 Sedimentation — A rubber bung shall be inserted into the
mouth of the measuring cylinder which shall then be shaken vigorously
and finally be inverted end over the end. Immediately after the shakmg
has ceased the measuring cylinder is placed on the stand of the
plummet balance and the stop watch 1is started. This marks the
beginning of sedimentation.
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5.3.3.5 Data — The plummet then shall be lowered into the
suspension and hooked on to the balance. The plummet is brought to the
present depth by turning the pinion. The percentage of soil in suspension
is directly read by the pointer and noted down at half, one, two, four
minutes and subsequently at further intervals lasting over up to six to
seven hours. The balance is sufficiently sensitive to allow readings to be
made to the nearest percentage unit in 2 percent suspensions.

T T TTTTTT T TeTTE T =T

53.36 Computatton — Particle diameter I in mm is computed as
ch of th i

aar
w Caiia Vi a2

U‘
e
(D
o

reant
1934

perce

D(mm)=k A/ % fcm)

0
o

where

e = effective depth of immersion of the plummet which is
the depth in cm, from the surface of the suspension to
centre of the plnmmpt that is, prnr‘nfprm-nnr‘ distance

wniningt, 1nnat 1 IoeeliIiileCd UIsianee

(say 9 cm) from the mark on the string to centre of
the plummet;

4 = time in minutes when pointer readings are taken. Time
intervals are adjusted such that square root of time can
directly be computed; and

* = coeflicient from Fig. 9 to aid in soiving Stoke’ s equation

v Linatirem toscemanadrizsma ane 3282 P,

107 Known LCIIIPCI“LUIC COnIQition aud hycblllb gra\ilty
of particles either determined or assumed (range 2'65
to 2:8).

4
LR D{mm) = /—ﬂl‘)—

T \ \
| \\\\\\\\\\P_ SOIL PARTICLES

(R =

0-008 0-010 0-012 0-0%4 0-016 0-018

w
N
°
¥

TEMPERATURE OF SUSPENSION (°C)

K —m——e

Frc. 9 CHART FOR AID IN SoLviNG StokEs EqQuaTtion
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6. REPORT

6.1 The resulis of the grain siz analy 1sis shall be re nnrf ed in a sui

eshite QL uC g Sl&T i1

form. A recommended pro forma is given in Appendlx A. A grain size
distribution curve shall be drawn on a semi-logarithmic chart, plotting
particle size on the log scale against percentage finer than the
corresponding size on the ordinary scale. A chart for showing grain

M 1Y i I3 10
size distribution is shown in Fig. 10,

INDIAN STANDARD -SIEVES
MICRONS M!\UME RES
waol 28832 ;~2_.=?092.;':5’n§
100 RS W SUPT § WY NI AR ahel i ""m
90 g0
85 - §0
70 70
L]
z
% 0 60
a
w
_2_ 50 50
2 —
ad
‘B wof 0
f—
30 30
20 H20
1L
10 10
- # 1
0 SAND “GRAVEL °
CLAY SIZE SILT SIZE "FINE | MEDIUM Foassel FiNE | coamSE
] | T 1 ]
© 00001 0001 o-[n 0 +0 10 100
% COBBLE

Grain size in millimetres.

¥ic. 10 CuarT ror RecorDING GRAIN Size DIsTRIBUTION
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APPENDIX A
( Clause 6.1)

FORM FOR THE RECORD OF RESULTS OF
GRAIN SIZE ANALYSIS

PROJECT . ....... DETAILS OF SOIL SAMPLE..........

SIEVE ANALYSIS OF FRACTION RETAINED ON 4'75-mm IS SIEVE

Weight of total soil sample taken for analysis....... ceeeneesienoenons ceessmaraninnes
Water content.......c... eevesananmreinyeas verereessierasetasseseisasarnan eeessrseses sor sotsae
IS Mass Mass Mass CUMULATIVE SorL SorL CompinNeDp
SIEVE OF oF oF Mass RETAINED Passine PERCENTAGE
Dmsig- SoIL Con- Soi  RETAIRED As PER- a8 PEmr- PAcsING as
NATION RE- TAINER RETAINED CENTAGE CENTAGE PERCENTAGE
TAINED oF Soir,  or SoIL or TorarL
+ Mass TAREN TagkEN SoIL SaMPLE
CONTAINER

SIEVE ANALYSIS OF FRACTION PASSING 4:75-mm IS SIEVE
BUT RETAINED ON 73-MICRON IS SIEVE

Mass of partial sample taken for apalysis...... ....cccnniiiinneinnnnecnen.
Water content...... e reseseeseartestrsesuseremRaiotsrtrasiitsnsensante cocennoscanes seesensees
18 Mass or  Mass Mass  CoumuLa- SorL Soi. CoMBINED
SiEvE Sor. or or Tive Mass RETAINED Passing PERCENTAGE
DEsig- RETAINED Con- Sorr RETAINED AS PEa- s Per- Passine as
NATION 4MaAssoF TAINER RETAINED CENTAGE CENTAGE PERCENTAGE
CONTAINER or or or ToTar
PARTIAL PARTIAL SoiL Sauvrre
Sorr SorL
TAXEN SampLE
TARKEN FOR
ANALYBIS
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ANALYSIS OF SOIL PASSING 75-MICRON IS SIEVE

Mass of air dry soils (Wa) . coveveeniniiiiniiiens o rrereerruateresesrarasens b sestiares
Water content of air dry 30il (10)...ceeees oiveiiiinrenncnnies ciiiiiiceneiniiisin.
Mass of ovendry soil after pre-treatment (Wp)......coooveiiriveereanecinnnsesanne
Loss in mass in pre-treatment in percent,........ceeseeresuurerreceienseren

Pipette Analysis.
Specific gravity of soil..........cccvemmniininiciiiiene.
Volume of suspension taken in pipette (Vp)...
Depth at which sample was taken.........covvivieruuciniinionninniareenn
Mass of dispersing agent in the volume of suspension sampled...........cccut

‘Date TiMe TeEMPERA- Mass Mass Mass Miss Cor- Dia- Per- CoMBINED

ELAPSED TURE OF or oF oF OF RECT METER CEN- PERCEN-
Berore Sus- CoN- Bor- SoLip SorLiD Mass DoO¥ TAGE  TAGE
SAM- PENSION TAINER TLE MATE- MaTE- oF SoiL FINer Finzr
PLING + OvEN RIAL RIAL SorL GRAIN THAN THAN D
Dry IN N Mate- 1N D as as PEr-
SoiL BorrLie 500 mil R1AL. mm PEr- CENTAGE
FracTiON IN IN CENTAGE oF
VoLumE 500 ml or Wy Torayn
Vo So1L
SAMPLE
Hydrometer Analysis
Hydrometer No. ....cocoveee + tiicicinas srsenenne Seatresetiaeeae e sassteaesaraaterasen
Meniscus correction (Cm).....ccoorveriiiminiines « vetrereniiiitanunssneraersaisassansses
Temperature correction (Mi)....ooc orviiviinictieenieie e .
Dispersing agent correction (¥)....c..ccoveeeencs Freeertuserersiaerarressracsenanns e
Density of 30il G..oveviiimrniiiiiirce i, erenreenareerenresetencasnnsastanese .
100 G
W e Ry + My — x ercent
DaTE TiME TeM- ErarseEp Hypro- CorrEc- EqQUir- Rn+M; PEROEN- COMBINED
PERA- TIME  METER TED MENT —X TAGE oF PEROCEN-
TURE Reapine Hypro- Dia- PARTICLES TAGE OF
R'n METER METER, FINER FINER
REapING D (mm) THAN D, THAN D a8
Rp=R'p W PercEN- PERCEN-
+Cm TAGE TAGE OF
ToTAL
SAMPLE

37



1S : 2720 (Part 4) - 1985

( Continued from page 2)
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