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IS : 2720 (Part XXXVIII) - 1976 

Indian Standard 
METHODS OF TEST FOR SOILS 

PART XXXVIII COMPACTION CONTROL 
TEST (HILF METHOD) 

0. BOREWORD 

0.1 This Indian Standard (Part XXXVIII) was adopted by the Indian 
Standards Institution on 16 February 1976, after the draft finalized by the 
S&l Engineering Sectional Committee had been approved by the Civil 
Engineering Division Council. 

0.2 The field density tests covered in IS : 2720 (Part XXVIII)-1974*, 
IS : 2720 (Part XXIX)-1975f, IS : 2720 (Part XXXIII)-1971: and 
IS: 2720: (Part XXXIV)-1972g determine the dry density and the water 
content of the compacted fill. For control purposes, these values should be 
compared with the maximum dry density and optimum moisture content 
obtained in the laboratory using methods specified in IS : 2720 (Part VII)- 
197411 and IS : 2720 (PArt VIII)--1974a. The’+apid control procedure 
covered in this standard gives the exact percentage of laboratory maximum 
dry density and a close approximation of the difference between optimum 
moisture content and fill water qontent of a field density sample, without 
requiring determinations of water contents. This procedure enables to 
effect compaction control within one hour from the time the- field test is 
made. ‘Only the field water content is measured and,after it is available, 
ihe values of field dry density, sylinder dry density at fill water content, 
laboratory maximum dry density and optimum moisture content are 
determined. 

0.2.1 This method of evaluating quickIy and accurately the compaction 
of cohesive soils such as earth-fill materials used in the construction of im- 
pervious and semi-impervious zones of embankment type dams, is essentially 
the method developed by Dr J. W. Hilf of US Bureau of Reclamation. 

*Methods of test for soils: Part XXVIII Determination of dry density of soils, in-place, by 
the sand replacement method (jfrst revision). 

thfcthods of test for soils: Part XXIX Determination of dry drnsity of soils in-place by the 
core-cutter method (Jirst revision). 

:LIethods of test for soils: Part XXX111 Determination of the density in-place by the ring 
and water replacement method. 

+lethods of test for soils: Part XXXIV Determination of density of soil in-place by 
rubber-balloon method. 

l/Methods of test for soils: Part VII Determination of water content-dry density relation 
using light compaction fjint r&Cm). 

Cihlethods of test for s&k: Part VIII Determination of water content-dry density relation 
using heavy compaction (first reoision). 
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IS : 2720 (Part XXXVIII) - 1976 

(Ref. Water Resources Technical Publication, Engineering Monograph 
No. 26. 1966. ‘A rapid method of construction control for embankments of 
cohesive soil’ by j. W. .Hilf published by United StatesDepartment of the 
Interior.) Although most commonly used in controlling the placement of 
earth-fill in dam construction, the method is also applicable to controlling 
earth-fill placement in the construction of highway embankments, canal 
embankments and similar structures built of cohesive soils. 

0.3 In the preparation of this standard, assistance has also been taken from 
the following publications : 

ASA 89.21-1973 Australian Standard methods of testing soils for 
engineering purposes : Part V - Soil compaction tests, Test 21. 
Compaction control test (Hilf method). Standards Association of 
Australia. 

Earth Manual. Designation E-25 Rapid compaction control. US 
Bureau of Reclamation 

0.4 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*. 

1. SCOPE 

1.1 This standard (Part XXXVIII) describes the procedure for determining 
the relative compaction and/or the difference between the optimum moisture 
content and the field water content of a soil by relating ‘converted’ wet 
density and ‘added’ water, without the immediate need to determine the 
water content. It is a rapid method based on tests covered by IS : 2720 
(Part VII)-1974t and IS: 2720 (Part VIII)-1974: using a 1 000 cm9 
mould. Usually, the results of only three compacted test specimens are 
required and both the test and the calculations can be done in less than an 
hour. 

1.1.1 The control parameters are determined either for the total material 
or for the material finer than a specified IS Sieve (set Note). 

;Y,TE - In construction control of coarse earth-fill it is often necessary to &etermine 
the field dry density of a certain fraction of the soil after excluding the mass and volume 
of all particles coarser than a specified sieve (usually 20-mm or 40-mm IS Sieve) in 
accordance with tests covered in IS : 2720 (Part XXVIII) - 1974: and IS : 2720 

*Rules for rounding off numerical values (ret.&&). 
tMethods of test for soils: Part VII Determination of water contentdry density relation 

using light compaction (first revizion). 
.SMethods of test for soils: Part VIII Determination of water content-dry denstty relation 

ukmg heavy COmpactiOn (first WLiJion). 

$-Methods of test Ear soils: Part XXVIII Determination of dry density of soils, in-place, 
by the sand replacement method (Jirst reuisiq). 

4 



IS : 2720 (Part XXXVIII) - 1976 

(part XXIX)-1975*. The rapid compaction test is performed on that fraction of the 
soil which is finer than the specified sieve. The size of the sieve should’ ensure that 
not less than 85 percent, by mass, of the total material is tested. 

1.1.2 Because it is a rapid method the refinement of proper curing is 
necessarily omitted. There is also some relaxation in the maximum particle 
size to allow compaction of material up to 25 mm size. These relaxations 
may result in minor differences between results obtained from tests covered 
in IS : 2720 (Part XXVIII)-19747 and IS: 272,O (Part Xx1X)-1975*, 
especially in more cohesive soils and soils with a rock fraction. 

1.1.3 The .test may be used for checking material before placement to 
ensure that the water content is within specified limits (see Note). 

NOTE - Samples which have been taken for testing before placement of the material 
may require pretreatment to simulate the effects of excavation and construction operations 
on particle breakdown and other physical properties. When previous tests have shown 
that significant changes in soil properties will occur during construction, pretreat the 
sample for the appropriate time by the method adopted in the laboratory to simulate the 
effects of the construction operations. One suitable method of pretreatment may be 
by mixing in a mechanical mixer. 

2. APPARATUS 

2.1 Cyliudrical Metal Mould - as described in IS : 2720 (Part VII)- 
1974$, or IS : 2720 (Part VIII)-19745 of volume 1 000 cma (see Note). 

NOTE -Alternatively, a larger mould may be’used for soil compaction tests needed 
for the construction control of earth-till in dam embankments. A tapered metal mould, 
having internal diameter at base of mould of 110~00+0~05 mm and at top of mould of 
105.00+0-05 mm and internal effective height of 165.20*0,05 mm (a volume of 
1 500 cma), fitted with a detachable base plate and a removable collar assembly approxi- 
mately 60 mm high, both of which may be firmly attached to the mould, may be used. 

2.2 Metal Rammer-as described in IS: 2720 (Part VII)-1974: or 
IS : 2720 (Part VIII)-19743 (see Notes 1 and 2). 

NOTE 1 - The metal rammer used in the rapid compaction test for compacting soil 
in a mould of the dimensions given in Note under 2.1 is similar to that used in the method 
given in IS: 2720 (Part VII)-1974: except that it should be eauipped with a device 
to control the height of drop to a free fall of 465 mm. 

NOTE 2 +- A *mechanical form of ramming apparatus may be used provided that the 
essential dimensions are adhered to and the rammer has a free fall ofthe correct height. 
It is also essential that the design of the machine is such that the machine rests on a solid 
base. 

2.3 Rigid Foundation - a rigid foundation on which to compact the 
specimen, for example, concrete floor or concrete block of at least 90 kg mass. 

*Methods of test for soils : Part XXIX Determination of dry density of soils in-place by the 
core-cutter method (first reuision). 

tMethods of test for soils: Part XXVIII Determination of dry density of soils, in Jace. 
by’the sand replacement method (Jirst revktin). 

m _ 

rhiethods of test for soils: Part VII Determination of water contentYdry density relation 
using light compaction (first retion). 

ghfethods of test for soils: Part VIII Determination of water content-dry density relation 
using heavy compaction (first reulion). 

5 



IS : 2720 (Part XXXVIII) - 1976 

2.4 Balance - of 10 kg capacity readable and accurate to 5 g (see Note). 

NOTE - For test using 1 500 cm* mould, use a balance of approximately 15 kg capacity 
readable and accurate to 5 g. 

2.5 Apparatus for Water Content Determination - as described in 
IS : 2720 (Part II)-1973*. 

2.6 Sieves - 25-mm, 20-mm and lo-mm IS Sieves; 300-mm in diameter 
and conforming to IS : 460-1962t with lid and pan. 

2.7 Spsrtula’- strong spatula with a lOO-mm blade or a suitable knife. 

2.S Steel Straight Edge - about 300-mm long, 25-mm wide and 3-mm 
thick, preferably with one bevelled edge. 

2.9 Miscdaneous Mixing Apparatus - such as a pan or bowl, spoon, 
scoop, trowels_, water spray, etc, suitable for thoroughly mixing increments of 
water with soil and drying apparatus (see Note). 

NOTE -For soil samples which are close to or wetter than optimum moisture content, 
it is usually necessary to dry out soil for at least one specimen. 
process, a special sample drier may be used. 

To accelerate the drying 
This usually consists of a 450-mm diameter 

sieve mounted over a fan-assisted heater with a metal cone between them (alternatively, 
a fan blowing air across the soil which is turned from time to time to assist evaporation, 
may be used). The sieve in the special drier has, preferably 40-mm openings which are 
covered with successive layers of 2.3~mm-and 75-micron:%3 Sieve mesh. When the 
sample of moist soil has almost reached the predetermined required mass, the heater is 
switched off but the fan continues to blow cool air through the soil. This reduces it to 
room temperature so that the tendency to lose moisture, after 

%r mired. Care should be taken to prevent loss of soil, particu 
final weighing, is mini- 
ly when handling the 

loaded sieve of themspecial drier since portion of the soil fines which have become dusty 
may be lost through the apertures of the 75-micron IS Sieve mesh. 

Where the soil is close to optimum moisture content and the difference between the 
converted wet densities of point (1) and point (2) is 0.05 g/cm’ less, 
can be eliminated by a procedure given in the reference in 0.2. “i 

the drying process 
. 

2.10 Rule - 250-mm long. 

2.11 Airtight Containers - suitable 
samples. 

for transporting moistened soil 

2.12 Sample Extruder - a jack, lever, frame or other device suitable for 
extruding compacted soil specimens from the moulds. 

3. PROCEDURE 

3.1 Obtain the bulk sample for the rapid compaction control test imme- 
diately after completing the field work for the field density test (see Notes 
1 and 2). When using the test only for checking the water content of the 
soil before placement, no density test is required but pretreatment (see Note 
under 1.1.1) may be necessary. 

*Methods of test for soils: Part II Determination of water content (second revision). 
tSpe&cation for test sieves (rcuircd). 
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NOTE I -A sample yielding 10 kg mass (minimum) passing the specified IS Sieve 
is usually required when using a mould of 1000 cm8 caps&y, or 15 kg mass (minimum) 
when using a mould of 1500 cm* capacity. 

NOTE 2 - The sample should be taken from the area immediately around the density 
hole to a depth not exceeding the depth of the field density hole. Also, as the validity 
of the test depends on thewater content of the soil at the time of sampling, samples should 
always be collected, transported and’storcd in airtight containers to prevent loss of mois- 
ture. To prevent excessive loss of moisture in hot weather it may be advisable to perform 
the test in a humidified room. For certain types of soil and climatic conditions, a humi- 
dified room is essential. 

3.2 Obtain the first point on the ‘added moisture-wet density’ plot by 
compacting, at field water content, a sample (see Note 1) of the soil passing 
the specified sieve by the appropriate method of laboratory compaction 
test given in IS : 2720 (Part VII)-1974* or IS : 2720 (Part VIII)-1974t 
(see also Note under 2.1 and Note 1 under 2.2). Plot the resulting wet density 
of this specimen, calculated as in IS : 2720 (Part VII)-1974* as point (13 
on the 0 percent ‘added water’ ordinate of a suitable graph, for example, 
Fig. 1. Take a water content sample (see Note 2) for the determination of 
water content in accordance with IS : 2720 (Part II)-1973: (see Note 3). 

NOTE I- Weigh out 2.5 kg of soil at field water content for each compacted specimen 
for moulds of 1 000 ems capacity and 3.7 kg of soil for moulds of capacity 1 500 cm*. Use 
of such standardized masses allows water additions to be made by using standardized 
measures - 50 ml of water for 2.5 kg of soil, or 74 ml for 3.7 kg, increases water content 
by 2 percent (by wet mass). 

NOTE 2 - Cut a diametral slice for the full height of the compacted specimen after 
extracting it from the mould and trim all edges. The water content sample for material 
passing the lo-mm IS Sieve should not be less than 400 g. For coarser materials, a 
minimum of 1 500 g should be taken. However, with coarse soils, particularly those 
containing particles up to 25 mm maximum size, it may be advisable to dry the whole 
specimen. 

NOTE 3 -Only one water content, namely the field water content, is measured. 
When the field water content is available, usually the following day, the values of field 
dry density, cylinder dry density at field water content, laboratory maximum dry density, 
and optimum moisture content are determined for record purposes. 

3.3 Obtain the record point on the plot by weighing out the appropriate 
amount of soil at field water content (see Note 1 under 3.2). Add 2 percent 
of water (by mass of wet soil) (see Note), compact into a cylinder in the ap- 
propriate manner and determine the wet density. Reduce the wet density 
to converted wet density (wet density at the same water content as the first 
point in 3.2) by dividing the wet density by 

(lOO+percent change in water content) 
100 

*Methods of test for soils: Part VII Determination of water content-dry density relation 
using light compaction (Jirsl revision). 

tMethods of test for soils: Part VIII Determination of water content-dry density relation 
using heavy compaction (jrst revirion). 

SMethods of test for soils; Part II Determination of water content (second retision). 

7 .y 
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IS : .2720 (Part XXXVIII) - 1976 

For example, if the water content change is +2 percent, that is, the soil 

has been made wetter, then converted wet density is equal to 
wet density 

1.02 
If, on the other hand, the water content change is -2.5 percent, that is, 
the soil has been made drier, then converted wet density is equal to 
wet density 

0.975 * 
Alternatively, a graphical method of division employing the 

diagonal lines of Fig. 1 may be used (interpolating, if necessary) or, provided 
water content increments of 2 percent are used, Table 1 (page 16) may be 
employed. 

Plot the converted wet density on the +2 petcent ordinate of the graph 
as, point (2). 

NOTE - VigorousIy rub and blend the soil between the hands to facilitate even distri- 
bution of added moisture throughout the material, before compaction. Also, treat all 
soil which has been dried for compacting specimens at water content less than field water 
content in a similar manner, before compaction. The use of mechanical mixers as a 
means of saving time and ensuring even distribtmon of water is not recommended since 
further changes in soil properties, such as optimum moisture content and maximum dry 
density can occur with certain soils, for example, residual soils. 

3.4 Obtain the third point on the plot by the procedure given in 3;4.1,3.4.2 
or 3.4.3 depending on the relative positions of points (1) and (2). 

3.4.1 Point (2) Higher Than Point (I)--Weigh the appropriate amount of 
soil at field water content (see Note 1 under 3.2). Add 4 percent of water 
(by mass of wet soil) (see Note under 3.3), compact into a cylinder in the 
appropriate manner and determine the wet density. Reduce this wet den- 
sity to converted wet density (see 3.3). Plot the converted wet density on 
the +4 percent ordinate of the graph as point (3). 

3.4.2 Point (2) Lower Than Point (I)-Weigh the appropriate amount 
of soil at field water content (see Note 1 under 3.2) and permit the soil to 
dry by 2 percent (see Note under 2.9) without loss of soil, then reweigh. 
-Table 2 (page 20) gives the percentage of water loss corresponding to the 
mass of the partly dried soil. Remove the partly dried soil from the drying 
sieve and remix thoroughly (see Note under 3.3) before compacting it in the 
mould in the appropriate manner. Determine the wet density of the 
compacted specimen. Reduce this wet density to converted wet density 
(see 3.4.1). Plot the converted wet density on the -2 percent ordinate of 
the graph as point (3). 

NOTE -Table 2 is based on the following equations: 

Percentage of water loss = (Dried mass of soil - 2.50) x 40, when moist soil taken 
is 2.50 kg. 

Percentage of water loss 
Dried mass of soil x 3.70 x 100, when moist soil taken 

= 3.70 is 3.70 kg. 
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IS : 2720 (part XXXVIII) - 19% 

3.4.3 Point (1) Level with Point (2) - -Weigh the appropriate amount of 
soil at field water content (see Note 1 under 3.2) and compact into a cylinder 
in the appropriate manner at a water content 4 percent wet of field water 
content. Proceed as in 3.4.1 to plot point (3‘). 

Alternatively, compact a specimen to which one ercent water content 
has been added. The converted wet density of % is point is then the 
maximum, and the use of Table 3 (page 23) or the. parabola solution 
(see 4.2) is unnecessary. 

NOTE - Table 3 is based on the following equations: 
4 z-*-Ix, 

xm = 2 rs-r, 

r 
m 

= (4 Ts-k,Y 
8(2 Y*-K) 

(Explanations of symbols are as in 4.1 and figure in Table 3B) 

3.5 Three plotted points are sufficient if both the left and the right points 
are lower in ordinate than the centre point, if not, obtain one or more 
additional points as required (see Note). 

Norm - For pavement construction where the water content range is usually wider 
than in dam construction it may be necessary to use more than three points or the 
increments (plus and minus) may need to be more than 2 percent. 

4. CALCULATIONS 

4.1 So&ion Using Table 3 ( see Note 1) - Where the points obtained are 
spaced 2 percent apart, the coordinates of the maximum density point of the 
converted wet density curve may be obtained from Table 3 as follows 
(interpolating, as necessary) : 

a> 
b) 

4 

4 

e) 

Designate each point successively from left to right as A, B and C. 

Subtract the converted wet density of point A from the correspond- 
ing values for point B and point C, paying attention to the sign of 
the differences. These differences are termed Y, and Y, .respec- 
tively. 
Find the values of X, and Y, at the intersection of the values for 
Y, and IY,. Y, can be positive or negative (negative values of r, 
appear in Table 3A and positive values in Table 3B). The vaIues 
X, and r, are the coordinates of the maximum density point of 
the converted wet density curve. The origin of the co-ordinates is 
at point A, the extreme left point of the curve: 

Calculate the maximum converted wet density by adding 2& to the 
converted wet density of point A. 
Calculate the water content difference (&) for the maximum den- 
sity point by adding X, to the water content difference of point A. 
Obtain the water dontent correction from the nearest correction 
curve (s~d.Note 2), interpolating to 0.1 percent. 
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C:alcula.te the difference between the optimum moisture content 
(IL.,,) and the field water content (ZQ) by adding the water content 
correction to the water content difference (&& for the maximum 
density point. Record the value as ZQ,--q. 

Calculate the relative compaction (RC) by dividing the field wet 
densit). by the peak converted wet density. 

Calculate the compaction ratio (c;‘) (also known as roller or 
compaction rfficicnc)-j by dividing the wet density of the soil (field 
density] by the \vet denstty of the specimen compacted at the field 
water content (lirrt cylinder). 

II‘ the Irater content of the first cylinder is known (wt) (W Note 3 
undrr 3.2;, as crctrrmincd in accordance with IS : 2720 (Part II)- 
1973*, calculate the lick1 dry densit\-, the cylinder dry density, the 
lal)c.rator). maximum dry density, and the optimum moisture 
content. as follo~vs: 

1 ‘; 

2) 

3) 

4) 

l:irl(l dr,. clmcii\_ _ F’d ‘vet dcnsit> 
’ (1 -kg 

\vel density cf first specimen 
Cylintlcr dry drnsity -= ,---- 

(I +l$ 

Laboralor)- maximum 
ch’y clcnsity 

maximum converted \vrt density 

(1 J-5) 

Oplimum moislurc 
content (OMC’I 

:;= Z’t 7- (1 +s) ZA 
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For modified compaction or for soils with very high or low values of laboratory maximum 
dry density and corresponding optimum water contents, the preparation of special curves 
may be required. If w0 - ZD~ is consistently different from the difference between w,, 
[as calculated by the relationship in 4.1 (j)(l)] and the water content of the first cylinder, 
calculate the positions of appropriate new correction curves as described in the reference 
given in 0.2.1. 

4.2 Solution Using Graphical Methods - Because the determination of 
the maximum ordinate of the converted wet density versus ‘added’ water 
content curve is similar to determining the maximum dry density from a 
dry density versus water content curve, graphical methods may be used in 
all circumstances, and are particularly applicable when the water content 
differences are not exactly 2 percent. In many instances the peak point 
may be found with sufficient accuracy by drawing a smooth curve approxi- 
mating a parabola through the plotted points. The use of a true parabolic 
curve, althougb’not essential, nevertheless provides a unique value for the 
peak point without sketching and interpretation of the curve. Graphical 
procedures for determining the peak points of true parabolic curves through 
three points are given in Appendix A. 

5. REPORTING 

5.1 When the Test is for Moisture Control Only - Report the,differ- 
ence between optimum moisture content and field water content (wO--wr) to 
the nearest 0.5 percent, or less if required. 

5.2 When the Test is for Both Density and Water Content Control - 
Report 

a) 

b) 

c) 

d) 

the following: 

The difference between optimum moisture content and field water 
content (zu,-,--WI) rounded to the first place of decimal. 

The relative compaction (RC), and the compaction ratio (C) 
rounded to the first place of decimal. 

When the field water content is available. (usually the next day), 
report this result, and also 

the optimum moisture content (OMC) rounded to the first place of 
decimal; and 

the field dry density, the cylinder dry density and the laboratory 
maximum dry density rounded to two decimal places in g/cm3. 

5.3 When the Test is for Density Control Only - Report the relative 
compaction (RC) rounded to the first place of decimal. 

.? 
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APPENDIX A 

( Clause 4.2 ) 

GRAPHICAL METHOD FOR THE DETERMINATION OF 
PEAK POINTS OF TRUE PARABOLIC CURVES 

THROUGH THREE POINTS 

A-l. GRAPHICAL SOLUTION FOR PEAR POINT OF PARABOLA 
(THE MAXIMUM DENSITY POINT ON THE CONVERTED 
WET DENSITY &JRVE) GIVEN THREE POINTS EQUALLY 
SPACED HORIZONTALLY 

A-I.1 Proceed as follows (see Fig. 2): 

a) 
b) 

c) 

4 

( 

3 

‘\ 

\ 

1 

\ 

\ 

“AOOEO” WATER IN PERCENT 
I BY WEIGHT OF WET SCHLJ 

FIG. 2 GRAPHICAL SOLUTION GIVEN THREE POINTS 
EQUALLY SPACED HORIZONTALLY 

Draw a horizontal base line through the right point C. 

Find G, the mid point on the vertical between the base line and the 
left_ point A. 

Find H, the intersection of the base line and the extension of BG. 
Find X, the mid point of CH. The vertical through Xis the axis of 
the parabola. 

Find J, the intersection of the axis and the extension of CB. 
Project J horizontally to K on the vertical through R. 
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e) Find 0, the intersection of HK and the axis. 0 is the peak point 
of the parabola. 

Alternatively : 

Draw the base line through the left point A. Continue as above 
but from the reverse side. 

A-2. GRAPHICAL SOLUTION FOR PEAK POINT OF PARABOLA 
(THE MAXIMUM DENSITY POINT ON THE CONVERTED 
WET DENSITY CURVE) GIVEN THREE POINTS UN- 
EQUALLY SPACED HORIZONTALLY 

A-2.1 Proceed as follows (see Fig. 3): 

“ADD& WATER IN PERCENT 
(BY WEIGHT ‘OF WE7 SOtL) 

FIG. 3 GRAPHICAL SOLUTION GNEN THREE POINTS 
UNEQUALLY SPACED HOWONTALLY 

Draw a horizontal base line through the left point A. Find D on 
the base line vertically below B. 

Draw DE parallel to AB. E is on the vertical through c. 
Project E horizontally to F on the vertical through B. 

15 
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cl 
4 

Draw DG parallel to AC. G is on the vertical through C. 

Find H, the intersection of the base line and the extension of FG. 
Find X, the mid point of AH. The vertical through X is the axis 
of the parabola. 

e> 

f 1 

IfA, 

Find J, the intersection of the axis and the extension of AB. 
Project J horizontally to X on the vertical through B. 

Find 0, the intersection of HX and the axis. 0 is the peak point 
of the parabola. 

B and C are equally spaced horizontally, as they are when moisture 
changes are exactly 2 percent, F coincides with B and G is midway between 
C and the base line. The construction is then the simple r&verse of-Fig. 2. 

TABLE 1 CONVERTED WET DENSITY, GIVEN WET DENSITY AND 
cADDED’ MOISTURE 

(Clause 3.3) 

Usr of Table: Locate the wet density value in column marked ‘Y’. Depending on 
whether the ‘added’ moisture is -4, -2, +2 or $4 percent. find the ‘converted wet 
density’ within the appropriate section of the table at the intersection of either the 
96, 98, 102 or 104 column, respectively, and the row in which the wet density value 
appears 

il) 82”, 98 102 104 
(3) (4) (5) 

1.500 1.563 I.531 1.471 1.442 
1.505 1.568 1.536 1.475 1447 
1.510 1.573 1.541 1.480 1.452 
1.515 I.578 I.546 1.485 1.457 
1.520 1.583 1.551 1.490 1.462 

1.525 
1.530 
1.535 
1.540 
1.545 

I.550 
1.555 
1.560 
1.565 
1.570 

1.575 1.641 1607 1.544 1.514 
I.580 1.646 1.612 1.549 1.519 
1,585 I.651 1.617 1.554 1.524 
1.590 1.656 1.622 1.559 1.529 
1.595 1.661 1.628 1.564 1.534 

1.589 
1.594 
1.599 
I.604 
1%09 

1.556 
1.561 
1.566 
1.571 
1.577 

1.495 1466 
1.500 1.471 
1.505 1.476 
1.510 1.481 
I.515 1.486 

1.615 1.582 1.520 1.49c 
1.620 1.587 1.525 1.495 
1.625 1.592 1.529 1.500 
1.630 1.597 1.534 1.505 
1.635 160‘2 1.539 1.510 

16 
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TABLE 1 CONi’ERTED WET DENSITY, GIVEN WET DENSIlT AND 
‘ADDED’ MOISTURE - ConJ 

96 98 102 
(2? (3) (41 

I.600 1667 1633 I.569 1.538 
1.605 1.672 1638 1.574 1.543 
1.610 l-677 1643 1.578 1.548 
1.615 1.682 1648 1.583 1.553 
I.620 I.686 1653 I.588 1.558 

1.625 
l-630 
1.635 
la0 
I.645 

1.693 
I.698 
1.703 
1.708 
1.714 

1658 
1663 

Z% 
1.679 

I.593 1.563 
I.598 1.567 
1.603 1.572 
1.608 1.577 
1.613 1.582 

1.650 
l-655 
1.660 
1.665 
1.670 

1.675 

::ZE 
1.690 
1.695 

1.700 1.771 1.735 1.667 1.635 
l-705 1.776 I.740 1,672 1639 
1.710 1.781 1.745 1.676 1.644 
1.715 1.786 1.750 1681 1649 
1.720 1.792 1.755 1.686 1654 

1.725 
I-730 
1.735 
1.740 
1.745 

1.750 
1.755 
1.760 
1.765 
1.770 

1.775 
1.780 
1.785 
1.790 
1.795 

1.719 

t::E 
I .734 
1.740 

1.745 
1.750 
1’ 755 
1.760 
1.766 

1.709 1642 1.611 
I.714 1647 1.615 
I.719 1.652 I ,620 
1.724 1.657 1.625 
1.730 I:662 I.630 

1.797 1.760 l&J! l-6.59 
1.802 1.765 1.696 1663 
1.807 1.770 1.701 1668 
1.813 l-776 1.706 1.673 
1.818 l-781 I.711 1.67R 

I.823 1.786 I.716 
1.828 I.791 1.721 
I a33 1.796 3.725 
1.834 la01 1.730 
1.844 1+306 1.735 

1683 

Et 
1.697 
1.702 

I+349 1.811 1.740 1.707 
1.854 1.816 I.745 1,712 
1.859 1.821 1.750 1.716 
I.865 1.827 I.755 1.721 
1.870 1.832 1.760 1.726 

1684 1.618 I.587 
I.689 1,623 I.591 
l-694 1.627 1.596 
I.699 1632 1601 
1.704 1.637 1606 

(Confinutd) 
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TABLE 1 CONVERTED WET DENSITY, GIVEN WET DENSITY AND 
‘ADDED’ MOISTURE - Contd 

102 
(4’1 

104 
(5) 

1.800 1.875 1.837 1.765 1.731 
l-805 I.880 1.842 1.770 1.736 
I.810 1.885 1.847 1.775 1.740 
1.815 1.891 1.852 1.779 1.745 
1.820 1.896 l-857 1.784 1.750 

1.825 1.901 1.862 1.789 1.755 
1.830 1.906 1.867 1.794 1.760 
1.835 1.911 1.872 1.799 1.764 
l-840 1.917 1.878 1.804 1.769 
1.845 1.922 1.883 1.809 1.774 

1.850 1.927 1.888 1.814 l-779 
1.855 1.932 1,893 1.819 1.784 
1+xo 1.938 1.898 1.824 1.788 
1.88 1.943 1.903 1.828 1.793 
1.870 1.948 1.908 1.833 1.798 

1.875 1.953 1,913 1.838 1.803 
I*880 1.958 1.918 1.843 1.808 
1.885 1.963 1.923 1.848 1.813 
l-890 1.969 1.929 1.853 1.817 
1.895 1.974 1.934 1.858 1.822 

1.900 1.979 1.939 1.863 1.827 
1.905 1.984 1.944 1.868 1.832 
1.910 1.990 1.949 1.872 1.837 
1.915 1 ‘Y95 1.954 1.877 1.841 
1.920 2,000 1.959 1.882 1.846 

l-925 2.005 1.964 1.887 1.851 
1.930 2.010 1-969 1.892 1.856 
1.935 2~016 1.974 1.897 1.861 
I.940 2.021 1.980 I.902 1.865 
1.945 2.026 1.985 1.907 1.870 

1.950 
1.955 
1.960 
1.965 
I.970 

2.031 
2.036 
2,042 

;:r; 5 

2.057 
2.063 

;:g; 
2.078 

1.990 

;zJ 

2:010 

2.015 
2.020 
2.026 
2.031 
2.036 

1.912 1.875 
1.917 1.880 
1.922 1:885 
1.926 1.889 
1.931 1.894 

1.975 
l-980 
1.985 
1.990 
1.995 

1.936 1.e99 
1941 1.904 
1.946 1.909 
1.951 1.913 
1.956 1.918 

(Continued) 
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TABLE 1 CONVERTED WET DENSITY, GIVEN WET DENSITY AND 
<ADDED’ MOISTURE - Contd 

6) 
;%E 
2.010 
2.015 
2.020 

2.025 
2.030 
2.035 
2.040 
2.045 

2.050 2.135 2.092 2.010 1.971 
2.055 2.141 2.097 2,015 1.976 
2.060 2.146 2.102 2.020 1.981 
2.065 2.151 2.107 2.025 1.986 
2.070 2.156 2.112 2.029 I.990 

2.075 
2.080 
2.085 
2.090 
2.095 

2.100 
2.105 
2.110 

KG 
2.145 

2.150 
2.155 
2.160 
2.165 
2.170 

2.245 
2.250 
2.255 
2.260 

2.175 2.266 
2.180 2.271 
2.185 2.276 
2.190 2.281 
2.195 2,286 

2.083 2.041 1.961 1.923 
2,089 2.046 1,966 1.928 
2,094 2,051 I.971 1.933 
2.099 2.056 1.975 1.938 
2.104 2.061 1.980 1.942 

2.109 2.066 1.985 1.947 
2.115 2.071 1.990 1.952 
2.120 2.077 1.995 1.957 
2.125 2.082 2.000 1.962 
2.130 2.087 2.005 1.966 

2.161 2.117 
2.167 2.122 
2.172 2.128 
2.177 2.133 
2.182 2.138 

2.188 2.143 2.059 2.019 
2.193 2.148 2.064 2.024 
2.198 2.153 2.069 2.029 
2,203 2.158 2.074 2.034 
2.208 2.163 2,078 2.038 

2,214 2.168 2.033 2.043 
2.219 2.173 2.088 2.048 
2.224 2.179 2.093 2.053 
2.229 2.184 2.098 2.058 
2.234 Z-189 2.103 2.063 

2.240 

2.034 
2.039 

~:~ 
2.053 

1.995 
2.000 
2.005 
2.010 
2.014 

2.194 2.108 2.067 
2.199 2.113 2.072 
2.204 2.118 2.077 
2.209 2.123 2.082 
2.214 2.127 2.087 

2.219 2.132 2.091 
2.224 2.137 2.096 
2.230 2.142 2.101 
2.235 2.147 2-106 
2.240 2.152 2.111 

102 
(4) 

104 
(5) 
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TABLE I 

2.200 
2.205 
2.2 10 
2.215 
2.220 

2.225 
2.230 
2.235 

;:22:: 

2.250 

CONVERTED WET DENSITY, GIVEN WET DENSITY AND 
‘ADDED MOISTURE - Contd 

2”115 
2.120 
2.125 
2.130 
2.135 

2.318 2.270 2.181 2.139 
Z:Z 2.281 2.276 2.191 2.186 2.149 2.144 

2.333 22:;:: ;:g 2.154 
2.339 2.159 

3.344 2.296 2.206 2.163 

TABLE 2 PERCENTAGE WATER LOSS CORRESPONDING TO MASS 
OF DRIED SOIL 

(Clause 3.4.2) 

A. For !kXl kg of moist soil 

DRIED MASS 

(1) 

2.495 
2,490 
2.485 
2.480 
2.475 
2.470 
2.465 

;:g; 

p&5” 
. 5 

22% 
2.430 
2.425 
2.420 
2.415 
2.410 

(2) 
-0.20 
-0.40 
-060 
-0.80 
-I+0 
-1.20 
- 1.40 
- 1.60 
- 1.80 
-2dO 
-2.20 
-240 
-260 
-2.80 
-3dO 
-3.20 
-340 
-3.60 

I DRIED MASS 

(1) 

2.405 

Z:% 

I 
2.390 
2.385 
2.380 
2.315 
2.370 
2.365 
2.360 
2.355 
2.350 
2.345 
2.340 
2.335 
2.330 
2.325 

PERCENT 
(2) 

-3.80 
-4.00 
-4.20 
-440 
-460 
-4.80 
-5.00 
-5.20 
-5.40 
-5.60 
-5.80 
-6.00 
-6.20 

-6.40 
-6.60 
-6.80 
-7.00 

(Continued) 
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TABLE 2 PERCENTAGE WATER LOSS CORRESPONDING TO MASS 
OF DRIED SOIL - Contd 

B. For p70 kg of moist soil 

DRIED MASS PERCENT DRIED MASS PERCENT 

(1) (2) (1) (2) 

3.695 
3.690 
3.685 
3.680 
3.675 
3.670 
3665 
3.660 
3655 
3650 
3645 

X:Z 
3630 
3.625 
3.620 
3.615 
3.610 
3.605 

-0.14 
-0.27 
-0.41 
-0.54 
-068 
-0.81 
-0.95 
- 1.08 
- 1.22 
-1.35 
- 1.49 
- 1.62 
- 1.76 
-1.89 
-2.03 
-2.16 
-2.30 
-2.43 
-2.57 

3600 
3.595 
3.590 
3.585 
3.580 
3.575 
3.570 
3.565 
3.560 
3.555 
3.550 
3.545 
3.540 
3.535 
3.530 
3.525 
3.520 
3.515 

1;:;; 

xi:;: 

-3.24 
-3.38 
-3.51 
-3.65 
-3.78 
- 3.92 
-4.05 
-4.19 
-4.32 
-446 
-4.59 
-4.73 
-4.86 
-5aO 

21 
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TABLE 3 COORDINATES OF MAXlhfUM DENSITY POINT ON CONVERTED WET DENSFN CURVE 
(C/‘ws~ 4.1) 

o-02(1 

O-025 

0.030 

o-035 

O-040 

O-045 

0.050 

0055 

0.060 

0065 

0.070 

0 075 

OOSO 

__ 

_- 

140 
o-010 A% d& 

I-ou 1.00 I 0’1 I w 1-w loo loo loo IW 
0.m :& oUo5 0004 0004 

lat 
;:I 

1 UU 
O.OOR 0008 oUU7 OM3 0003 0002 n ool 

I II I.12 I.13 I I3 1 I4 t I5 l-17 I IS I 20 1.22 I25 I.29 I.33 I.40 1.50 I.67 
0014 0.013 0.1117 ROIZ 0011 0011 0010 0010 0009 OOOS OmlS o-on7 0007 om6 0006 0005 

I 20 l-21 I 22 l-24 I 25 I 27 r29 I31 I 33 I 36 I.40 l-44 I.50 I.57 I 67 I 80 
0018 0017 0017 0 016 0 016 0015 bo14 0.014 0.013 O-013 0.012 0.012 0011 o-011 0 010 0010 

l-27 I 29 I 30 I.32 I 33 I 35 138 I40 143 I46 I 50 I 55 I 60 I 67 I 75 I.Hti 
0.022 O-022 0.021 0021 0.020 0 019 0.019 0018 0 018 OOl7 0.017 0 016 0016 0016 0 0 I 5 0015 

I 33 l-35 l-36 I 38 I.40 I 42 I 47 I 50 I 53 I 57 I 62 I 67 I.73 I 80 I 89 
0 027 0 026 0 026 0 025 n 025 0 024 A.23 0023 0 023 0~022 0 022 0021 0021 0021 0 020 0 020 

I 38 
;:I 

I 42 I 43 I 45 I.48 I 5u I.53 l-56 I.59 I 63 l-67 l-71 I 77 I 83 I 91 
0.03 I 0 030 O-030 0 029 0.029 0 028 0 028 0.027 O-027 0.026 O-026 O-026 0 025 0025 u 025 

143 I44 l-46 I.48 I 50 I 52 I.55 I.57 I.60 I 63 I.67 l-71 l-75 I 80 l-86 I 92 
0 036 0 035 0 035 0 034 0 034 0 033 0 033 0 032 0.032 0.032 0.031 0031 0.03 I 0 I130 U 030 o 030 

I 47 I.48 I 50 I 52 I.54 t 56 I 58 I.61 I64 I.67 I /” I 74 I 78 I R2 I R8 I 49 
O-U40 owo 0 039 0 039 0.038 0 038 U 038 O-037 0 037 0 036 0 036 0 036 0 036 O-035 0 035 U 035 

I 50 I j:! I 53 I 55 1.57 I 59 I62 I64 I .67 I 70 I.73 I 76 I 80 18, l-89 I.94 
0 045 0045 II U-M 0,044 0043 0043 0042 0042 O.at2 0041 0041 0041 0041 0940 nU4o 0 040 

I-33 I 55 I 56 t 58 I 60 I 62 I.64 l-67 t-69 t 72 I 75 I.78 I 82 I 86 I.YO I95 
0 0.50 0 099 0049 O.U48 O-048 004R 0047 o-047 n.wt7 II “46 0 O4G 0.046 OWS 0 045 U 04s 0 045 

I56 I57 I .59 I 61 I 63 I 6.7 I 67 t 69 171 t 74 1.77 l-80 I 83 I R7 I Yl I 95 
0 054 0 “54 0 054 0 053 0 053 0 052 0 052 0 052 0051 I1 051 O.O.?l o-us1 0 050 0 050 0.050 U 050 

1-58 I59 I 61 I.63 t 65 I 67 I 69 l-71 I.73 I 76 t 79 I81 I 85 I 88 t 92 I 96 
O-059 0 oxi 0 058 0 058 U 058 0 057 0 057 0.057 0 056 0 056 0 056 0,056 0055 0 055 0 055 0 055 

I 60 I.62 I 63 t 65 I.67 I 69 I71 I.73 l-75 I.77 I 80 IS3 I 86 I 89 I.92 I 96 
0064 O-064 0063 0063 o.o62 0062 0062 0.062 0061 O-061 u.061 0.061 u-060 O-060 0060 OMO 

I 62 I63 lG5 I67 I68 I 70 I.72 l-74 1.76 I 79 I-81 I.84 I 87 I 90 I .Y3 I 96 
0.069 0068 0068 0068 0067 0067 0067 O-066 0.066 0066 0066 Oofd uoG5 oc65 o 065 0 U65 

I64 I 65 I67 I68 1 io I 72 I.74 I 76 I 78 I.80 I 82 I 85 ISLt I90 I 93 I 97 
0 074 0 073 0 073 0 073 0 072 0 072 0 072 0071 0071 0071 0071 O-070 u-070 0.070 0 070 0 070 

1.65 167 l6S l-70 I 71 I 73 l-75 I 77 I 79 181 1 83 t 91 t 94 t 97 
0 078 0 078 o 078 0 077 0077 0 077 0 077 O-076 0.076 0 076 0 076 %5 hE.5 0 075 0 075 o-07 5 

167 I68 I.70 I71 I 73 I 74 t 76 I.78 I SO I 82 184 t86 t-89 I91 I 94 t 97 
0083 O-083 0083 O-082 0082 O-082 0081 0081 OO8l 0081 0.081 O-080 0080 0080 0080 U-080 
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0 

o-on5 

0010 

o-019 

0 02( 

oa25 

0 030 

O-035 

0040 

0.045 

O-050 

0.055 

0060 

0065 

0.070 

O-075 

OOSO 

TABLE 3 COORDMATPS OF MAXIMUM DEN!3lTY POINT ON CONVERTFID WET DLNSITY CURVE - G:on,d 

_ 
.._ 

2.00 3-w 
is vmical, given three points A, B, and C spa& 2 prrcrnt aoart horizontally. l‘hr 

0.005 0.006 
origin ol coordinata is at p&l A, the c’~u-erne left point. 

r, is the ordinate of point B mints ordinate of point A. r. ia the ordinate of point 

2.00 233 300 
C minru ordinatr of point A. r, may be ngativc 

0.010 0.010 O-011 
Ermnblr : 

2-w 2 20 2 50 3 00 
O-015 0.015 0016 O-017 

200 2 14 2 33 2.60 3-00 
oQ20 0,020 oTr70 O-02 I 0023 

;- -2aL 2 01 - 0 ,I., 
r:=l.95-2 01~ -0 06 

From tnblc, X,-l 5; r,n= 0 034 
Ordinatr of point 0 -Ordinate of point .4 + ), 

~2olcoo34 
-2044ra204 

2-00 2.11 2 25 2-43 2-67 3 00 Abrciua 01 pant 0. ~,,,=Abui~ of point A t X, 
0.025 O-025 O-025 O-026 O-027 .O-028 =0+1 5=1.5% 

Non ~ II abcina of point A wcrc -2O’, fm would be 
2al 2-09 2 20 2.33 2 50 271 300 -204 IS--oy, 
0.030 O-030 O-030 0.031 I~-031 0 032 0 034 0% I’,. 4-l. 

Z-00 2T!a 2 17 2-27 2 40 2-56 2 75 3.00 
O-035 0 035 O-035 0 036 0 036 0 037 0 03R o-039 

2.00 Z-07 2 I4 2 23 2 33 2 45 278 300 
O-040 OJJ40 O-040 OG40 0041 owl O-043 0045 

Z-00 206 2 13 2 20 2.29 2.50 264 2.80 3 W 
0.045 0.045 0045 0.045 0-M oa47 0048 0.049 0.051 

xm 

2.00 2 05 2-11 2.18 2 25 2-33 2.43 2-54 2.67 2-82 3.00 0.050 0.050 0 050 0.050 0051 0051 0 052 0 052 0.053 O-055 O-056 y 

2.00 2.05 2 IO 2 I6 2 22 2 ZY 2 38 2 47 2.57 2 69 283 300 
cl.055 0.055 0.055 0-05s O-056 0 056 0056 0 OS7 0 058 0.059 “060 0062 

2aO EZO 2.09 2 I4 2-20 2 26 2.33 2 41 2.50 2.60 2 71 285 300 
OG=JO O-060 OGO 0061 0061 0061 0062 0063 0063 0061 0.0% 0.068 

Z-00 2.04 208 Z-13 2 18 2 24 2 30 2.37 2.44 2.53 2 63 2 73 2 86 300 
0065 0065 o-w5 0.065 0065 0066 OG6 0.067 O-067 0.068 0,069 o-010 0071 0.073 

200 2-06 2 I2 2-17 2.22 2 27 2.33 2-40 2 47 2 56 265 2 75 2 87 
0.070 O-070 0 070 0.070 O-07 I 0071 0.071 0 072 0 073 0.073 0 074 0 076 0.077 

2Tm 2 03 2 07 Z-11 2 15 220 225 Z-30 2 36 2 43 2-50 258 2 67 2.76 288 3W 
0.075 0.075 0.075 0 075 0.075 0 076 O-076 0.076 0 077 O-077 0 078 0 079 0 080 O-081 0083 0084 

2+m 2.03 2 07 2 IO 2-14 2.19 2 23 2 28 2.33 2 39 2.45 252 260 flf6 2.78 2811 
o.oLlO ocal OcaO OCBO O-C80 Oa3I 0081 0061 0~0% 0082 0083 0084 0085 0 087 0.088 

0 0005 0010 0015 0020 O-025 0 030 0035 0040 0045 0 050 0 055 0060 0065 0 070 O-075 0060 

v&n of r, (Pcaitivc ~alun) 
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INDIAN STANDARDS 

ON 

METHODS OF TEST FOR SOILS 

IS : 2720 hIethods of test for soils: 
(Part I)-1972 Preparation of dry soil samples for various tests (Jrsf rccisiort) 
(Part II)-1973 Determination of water content (second revision) 
(Part III)-1964 Determination of specific gravity 
(Part IV)-1975 Grain size analysis (first revision) 
(Part V)-1970 Determination ofliquid and plastic limits (&t recision) 
(Part VI)-1972 Determination of shrinkage factors (Jirst rctinh) 

(Part VII)-1974 Determination of water content-dry density relation using light com- 

(Part VIII)-1974 Determination of water content-dry density relation using heavy 
paction (first feai.rion) 

compaction (f;lJf rcoision) 
(Part IX)-1971 Determination of dry density-moisture content relation by constant 

weight of soil method 
(Part X)-l973 Determination of unconfined compressive strength (&l revision) 
(Part XI)-1971 Determination of the shear strength parameters of a specimen tested in 

unconsolidated undrained triaxial compression without the measuremen* of pore 
water pressure 

(Part XII)-1975 Determination OS shear strength parameters of soil from consohuatcd 
undrained triaxial test \vith measurement of pore water pressure 

(Part XIII)-1972 Direct shear test (Jr51 recision) 
(Part XIV)-1968 Determination of density index (relative density) of cohesionless soils 
(Part XV)-1965 Determination of consolidation properties 
(Part XVI)-1965 Laboratory determination of CBR 
(Part XVII)-1966 Laboratory determination of permeability 
(Part XVIII)-1964 Determination of field moisture equivalent 
(Part XIX)- 1964 Determination of centrifuge moisture equivalent 
(Part XX)-1966 Determination of linear shrinkage 
(Part XXI)-1965 Determination of total soluble solids 
(Part XXII)-1972 Determination of organic matter (Jr:/ rerliotl) 
(Part XXIII)-1976 Determination of calcium carbonate (first recision) 
(Part XXIV)-1976 Determination of cation exchange capacity (Jirst rrcisiotl) 
(Part XXV)-1967 Determination of silica sesquioxide ratio 
(Part XXVI)-1973 Determination of pH value (&A revir%n) 
(Part XXVII)-19b6 Determination of total soluble sulphatcs 
(Part XXVIII)-1974 Determination of dry density of soils, in-place, by the sand 

replacement method (f;rJt rerision) 
(Part XXIX)-1975 Determination of dry density of soils in-place by the core-cutter 

method (f;r.u r&Con) 
(Part XXX)-1966 Laboratory vane shear test 
1 Part XxX1)-1969 Field determination of California bearing ratio 
(Part XxX11)-1970 Xorth dakota cone test 
(Part XxX111)-1971 Determination of the density in-place by the ring and icatcr 

replacement method 
(Part XxX1\.)-1972 Dc;ermiuation of dcnsitv of soil in-place by rubber-balloon 

method 
(Part XXX\.)-1974 Sleasurcmcnt of ncgarive port tvatcr pressure 
(Part XXX\.I)-1975 Laboratory determination of pcrnmcability- of granular soil 

(constant head) 
(Part XXXVIl j-1976 Determination ol sand cquivalcnt \-aluc of soils and hut 

aggrcgatcs 
(Part XXXVIlI)-1976 Compaction control test (Hill method) 
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