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IS t 2720 ( Part 14) - 1983 

Indian Standard 
METHODS OF TEST FOR SOILS 

PART 14 DETERMINATION OF DENSITY INDEX 
(RELATIVE DENSITY ) OF COHESIONLESS SOILS 

0.1 This Indian Standard ( E‘irst Revision ) was adopted by the Indian 
Standards Institution on 28 November 1983, after the draft finalized 
by the Soil Engineering and Rock klechnriics Sectional (‘omlllittee had 
been approved by the Civil Engineering Division Council. 

0.2 This part deals with the method for the determination of density 
index ( relative density ) of cohesionless soils. For cohesionless soils in the 
natural or artificially cotnpacted state neither the actuffl density ( or void 
ratio ) nor the actual density express 2s a percentage of the maximum 
density give an exact idea of the compactness 01 the soil. The concept 
of density index ( relative density ) gives a practically useful measure of 
compactness of such soils. The compacti\ e characteristics of cohesionless 
soils and the related properties of such soils are dependent on facto! s 
like grain size distribution and shape of individual particles. Density 
index ~( relative density ) is also affected by these factors and serves as a 
parameter to correlate properties of soils. Various soil properties, such 
as penetration resistance, compressibility, compaction li iction angle, 
permeability and California bearing ratio are fount1 to havr simple 
relationships with density index ( relatiye density ). 

0.3 This standard was first published in year 1968. This revision has 
been prepared so as -to give more details of vibratory table, deletions of 
specifications of moulds and its assembly, which aie being published 
separately in detail, and adding an alternative method using vibratory 
hammer. 

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

*Rules for rounding o8‘nunwricaI values (m&f,. 
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1. SCOPE 

1.1 This part ( Part 14 ) covers the principal and alternative laboratory 
methods for the determination of the density index ( relative density ) of 
cohesionless free draining soils. 

2. TERMINOLOGY 

2.0 For the purpose of thiF.standard_, the following definition shall apply. 

2.1 Density Index, Id (or Relative Density &)I -The ratio of the 
difference between the void ratio of a cohesionless soil in the loosest state 
and any given void ratio-to the difference between its void ratios in the 
loosest and in the densest states. 

3. PRINCIPAL METHOD USING VIBRATORY TABLE 

3.1 Apparatus 

3.1.1 Vibratory Table - 
deck about 75 x 75 cm. 

a steel table with a cushioned steel vibrating 
The vibrator should have a net mass of over 

45 kg. The vibrator shall have a frequency of 3600 vibrations per 
minute, a vibrator amplitude variable between 0.05 and 0.65 mm in 
steps of 0.05 to 0.25 mm, 0.25 to 0.45 mm and 0.45 to 0.65 mm under a 
11-kg load and shall be suitable for use with a 415-V three phase supply. 

3.1.2 Morrl~s - With Guide Sleeves -cylindrical metal unit mass 
moulds of 3 000 cm” and 15 000 cm3 capacity conforming to the 
requirements as given in IS : 10837-1984*. 

3.1.3 Surcharge Base Plates with Handle - one surcharge base plate 
10 mm in thickness for ezch size mould conforming to requirements 
given in IS : 10837-1984*. 

3.1.4 Surcharge Masses -- one surcharge mass for each size mould 
conforming to requirements given in IS : 10837-1984*. 

3.1.5 Dial Gauge Holder - conforming to Fequirements given in 
IS : 10837-1984*. 

3.1.6 Dial Gauge - 50 mm travel with 0.025 mm graduations (see 
IS : 2092.1962t ). 

3.1.7 Calibration Bar --of metal and 75 x 300 x 5 mm in size. 

*Specification for moulds ad accessories for determination of density index 
( relative density j of cohesionlrss soils, 

+Spccification for dial gauges. 
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3.1.8 Pouring Dtokts - consisting of funnels 12 mm nnd 25 mm in 
diameter and 15 cm long, with cylindrical spouts and lipped brims for 
attaching to 15 cm diameter and 30 cm thigh metal cans. 

3.1.9 Mixing Pans - suitable size are GO x $0 cm and IO cm deep and 
40 x 40 cm and 5 cm deep. 

3.1.19 Wtighing Scalt -portable platform scale, 100 kg capacity \\;ith 
sensitivity of 20 g in accordance with IS : 1435-l%O*. 

3.1.11 Hoist - suitable hoist of at least 135 kg c:~p.!cit~. 

3.1.12 Melal Hand Scoop 

3.1.13 Bristlt Brush 

3.l.W Timing Dtvict - indicating in minutes and seconds. 

3~1.15 Mttal Straight Edge - about 40 cm long. 

3.1.16 Micromtttr - 0 to 25 mm, accurate to 0’025 mm. 

3.2 Calibration - The volume of the mould should be determined by 
direct measurement ( 3.2.1 ) and checked by filling with water (3.2.2~. 
The initial dial reading for computing the v-olume of the specimen 
should be determined as provided in 3.2.3. 

3.2.1 Dcltrminarion IJ Volultle by Direct Measu~emrn~ - ‘l’he average inside 
diameter and height of the mould should be measured to 0.025 m111. 
Volume of the 3 000 cm3 mould should be calculated to the nearest 3 cnl% 
and that of 15 000 cm’ mould to the nearest 30 cma. The average inside 
croar-rectional area of the mould should also be calctilated in square 
cetimetres. 

3.2.2 ~Dt~trrtkAon of Volunrt by Fillhg with ll’oler - Tire mould should 
be filled with water-and a gloss plate should be slid carefully over the 
top surface of the mould in such a manner as to ensure that the mould 
is completely filled with water. The temperature of the water should be 
measured and the mars in grams of the water filling- the mould should 
be determined. The volume of the mould should be calculated in 
cubic’ centimetres by multiplying the mass of water by the volume of 
water per gram at the measured temperature. 

3.2.3 Dtttrmination of lnilial Dial Rtading for Computing tht Volutnts of the 
Sptcimtn - The thickness of the surcharge base plate and the calibration 
bar should be measured to 0.025 mm using a micrometer. The 

*Specification for platform?veighing machiner. 
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calibration-bar should -then be placed across a diameter of the mould 
along the axis of the guide brackets. The dial gauge holder should be 
inserted in each of the guide brackets on the mould with the dial gauge 
stem on top of the calibration bar and on the axis of the guide brackets. 
The dial gauge holder should be placed in the, same position in the guide 
brackets each time by means of matchmarks on the guide brackets and 
the holder. Six dial gauge readings should be obtained, three on the left 
side and three on the right side, and these six readings averaged. The 
initial dial reading should be computed by adding together the,surcharge 
base plate thickness and the average of the six dial gauge readings and 
subtracting the thickness of the calibration bar. The initial dial reading 
is constant for a particular mould and surcharge base plate combination. 

3.3 Soil Sample 

3.3.1 A representative sample of soil should be selected. The mass of 
soil sample to be taken depends upon the maximum size of particle in 
the soil as given in Table I. 

TABLE 1 MASS OF SOIL SAMPLE TO -BE TAKEN FOR THE TEST 

MAXIVUYVI M.\ss OP SOIL Ponww DEVICE TO SIZE OR.+ 
SIZE OF SOIL SASIPGE REQrjIHEt~ ~IEUJEDINTESTBOR Mourn TO 
PARTICLE THE DETERMINATION BE USED 

OF MIXINU~C DENSITY 

(I) (2) 

In,,, kg 

75 45 

97.5 12 

I 9 12 

9.50 12 

ct.75 12 

(3) 

Shovel or extra large 
scoop 

scoop 

scoop 

Pouring device 
( 25 mm dia spout ) 

Pouring device 
( 12 mm dia spout ) 

(4) 

cm8 

15ooo 

3 000 

3000 

3~0CO 

3 000 

3.3.2 The soil sample should be dried in an oven at a temperature 
of 105 to 110°C. The soil sample should be pulverized without breaking 
the individual soil particles atid sieved through the requited sieve. 

3.4 Pr~ocedure for the Determination of Minimum Density 

3.4.1 The pouring device and mould should be selected according to 
the maxirnum size of particle as indicated in Table 1. The mould should 
be weighed and the mass recorded. Oven-dry soils should be used. 

6 
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3.4.2 Soil containing particles smaller than 9.50 mm should be placed as 
loosely as possible in the mould by pouring the soil through the spout in a 
steady stream. The spout should be adjusted so that the height of free fall 
of the soil is always 25 mm. While pouring the soil the pouring device 
should be moved in a spiral motion from the outside towards the centre 
to form _a soil layer of uniform thickness without segregation. The 
mould should be filled approximately 25 mm above the top and levelled 
with top by. making one continuous pass with the steel straightedge. If 
all excess matter is not removed, an additional continuous pass should be 
made. Great care shall be exercised to avoid jarring the mould during 
the entire pouring and trimming operation. The mould and the soil 
should be weighed and the mass recorded. 

3.4.3 Soil containing particles larger than 9.50 mm should be placed by 
means of a large scoop ( or shovel ) held as close as possible to and just 
above the soil surface to cause the material to slide rather than fall into 
the previously placed soil. If necessary, large particles may be held by 
hand to prevent them from rolling off the scoop. The mould should be 
filled to overflowing but not more than 25 mm above the top. The 
surface of the soil should be levelled with the top of the mould using the 
steel straightedge ( and the fingers, if necessary) in such a way that any 
slight projections of the larger particles above the top of the mould shall 
approximately balance the larger voids in the surface below the top of 
the mould. The mould and the soil should be weighedand the mass 
recorded. 

3.5 Procedure for the Determination of Maximum Density 

3.5.1 The maximum density may be determined by either the dry or 
wet method. 

3.5.2 Dry Method 

3.5.2.1 The guide sleeve should be assembled on top of the 
mould and the clamp assemblies tightened so that the inner surfaces of 
the walls of the mould and the sleeve are in line. The lock nuts on the 
two set screws equipped with them should be tightened. The third clamp 
should be loosened, the guide sleeve removed, the empty mould weighed 
and its mass recorded. 

3.5.2.2 The mould should then be filled with the thoroughly mixed 
ovendry soil by the procedure explained in 3.4.2 or 3.4.3. The mould 
filled for the determination of minimum density may also be used for 
this test. 

3.5.2.3 The guide sleeves should be attached to the mould and the 
surcharge base plate should be placed on the soil surface. The surcharge 

7 
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weight should then be lowered on the base-plate using the hoist in the case 
of the 15 000 cm* mould. 

3.5.2.4 The mould should be fixed to the vibrator deck (see Fig. 1D 
for assembly. The vibrator control should be set at maximum amplitude 
and the loaded soil specimen should be vibrated for 8 minutes. 

25 APPROX Ii Yilc-kv/- SURCHARGE WEI6Ht 

-SURCHARGE 
BASE PLATE 

I/ / SOIL SPECIMEN 

1 / /GUIDE BRACKETS 

VIERAT OR -\ i_ 
/ 

: I 1 y,?qfi/ / .I’ 
I \ I II / 1 I I / 1 I -. d 

LTO VIBRATOR OR CONTROLLER 
AND ELECTRICAL SOURCE 

All dimensions in millimetres. 

FIG. I ASSEMBLLYOFTHE APPARATUS 
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The surcharge weight and guide sleeves should be removed from the 
mould. The dial gauge readings on two opposite sides of the surcharge 
base plate should be obtained and the average recorded. The mould 
with the soil should be weighed and its mass recorded. 

3.5.3 Wet Method 

3.5.3.1 The wet method ( Se6 Note ) may be conducted on dry soil 
or wet soil from the field. 

NOTE--While the dry method is preferred from the standpoint of securin 
results in a shorter period of time, the highest maximum density is obtaine ff 
from some soils in a saturated state. At the beginning of a laboratory 
testing programme, or when a radical change of materials occurs, the maximum 
densitv test should be performed on both wet and dry soils to determine which 
method results in higher maximum density. If the wet method produces higher 
maximum densities (‘in excess of one percent ) it shall be followed in succeeding 
tests. 

3.5.3.2 The mould should be filled with wet soil. Sufficient water 
should be added to the soil to allow a small quantity of free water to 
accumulate on the surface of the soil during’ filling. During and just after 
filling the mould, it should be vibrated for a total of 6 minutes. During 
this period the amplitude of the vibrator should be reduced as much as 
necessary to avoid excessive boiling and fluffing of the soil, which may 
occur in some soils. During the final minutes of vibration, any water 
appearing above the surface of the soil should be removed. 

3.5.3.3 The guide sleeve, surcharge base plate and surcharge weight 
should be assembled as described in 8.5.2.3. 

3.5.3.4 The specimen with the surcharge weight should be vibrated 
for 8 minutes. After the vibration, the surcharge lveight and the guide 
should be removed from the mould. Dial gauge readings should 
be obtained on two opposite sides of the surchilrge base plate and 
recorded. The entire wet specimen should be carefully removed from the 
mould, dried to constant mass, weighed and the mass recorded. 

3.6 Calcrlations 

3.6.1 Minimum Density -The minimum density, Ymin, in g/cm* 
should be calculated as follows : 

where 

W,* = mass of dry soil in the minimum density test in g; and 

VC = calibrated volume of the mould in cmS. 

9 
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3.6.2 Maximum Den+ - The maximum density, ynllX, in g/cm3 should 
be calculated as follows : 

1s 

where 

11; = mass of dry soil in the maximum density test in g; 

ve = volume of soil in maximum density test in cm”; 
= r’C - ( Di-Df ) 11; 

D, = initial dial gauge reading in cm; 

Df = final dial gauge reading on the surcharge base plate 
after completion of the vibration period in cm; and 

‘. = 1 cross-sectional area of mould in cm”. 

3.6.3 Density ~of Soil In-Placc-- ‘I’he dry density of soil in-place, Y,~ 
should be determine in accordance with IS : 2720 ( Part 28)-1966*. 

3.6.4 Density Index (Rtlatiw Dcnsify ) - The density index, Id ( relative 
density, &) expressed as a percentage should be calculated as follows: 

Ymax ( Yd - Ymm 1 la ( or D, ) = ___-__ ____-_ 

Yd ( Ym;lr -. Ymin) 

x ,a() 

or in terms of void ratio 

Id (Or&)= 
emax - C 

- x 100 
emax - emin 

where 

+.a = void ratio of the soil in loosest state, 

G = void ratio of the soil in the field, and 

e,i,, F void ratio of the soil in its densest state obtainable in 
the laboratory. 

4. ALTERNATE METHOD USING VIBRA’IORY HAMMER 

4.1 Apparatas 

4.1.1 iuoul& - A cylindrical metal mould with an internal diameter of 
152 mm and an internal effective height of 127 mm, with a detachable 
baseplate and a collar 50 mm deep, conforming to IS : 9669-1980t. 

*Methods of test for soil; : Part 28 Determination of dry density of aoils in-place by 
tbe rand replacement method (jrrr rrDirion ). 

tSpecification for CBR moulds’and acceasorier. 
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4.1.2 Vibratory Hammer - An electric vibrating hammer having a power 
consumption between 600 W and 750 W and operating at a frequency 
between 25’ Hz and 45 Hz. 

4.1.9 Tamper- A steel tamper attached to the vibrating hammer; the 
tamper shall have a circular foot of 145 mm diameter and shall not 
exceed 3 kg in mass. 

4.1.4 Balance - readable and accurate to 5 g. 

4.1.5 A 37’5-mm Sieve and Receiver 

4.1.6 Straightedge - a steel strip 300 mm long, 25 mm wide and 3 mm 
thick. 

4.1.7 Depth Gauge or Steel Rule. 

‘4.1.8 Metal Tray - 600 mm x 500 mm and with sides 80 mm deep. 

4.1.9 Stop-Watch or Stop Clock 

4.2 Procedure 

4.2.1 Soil not Susceptible IO Crushing During Compaction 

4.2.1.1 The sample shall be mixed thoroughly with a suitable 
amount of water depending on the soil type. 

4.2.1.2 The mould, together with its 50 mm collar and baseplate 
fixed firmly, shall be weighed ( ml ), and then stood on a solid base, of a 
concrete floor. A quantity of the moist soil, sufliciem to give a specimen 
127 mm to 133 mm deep after compaction in the mould, shall be 
compacted in the mould in three layers of approximately equal mass, 
using the vibrating hammer fitted with the circular steel tamper. Each 
layer shall be compacted for a period of 60 seconds and throughout this 
period a firm downward pressure shall be applied to the vibrating 
hammer so that the total downward force, including that resulting from 
the mass of the hammer and tamper, shall be 300 to 400 N. 

4.2.1.3 When the final layer has been compacted, any loose material 
around the sides of the mould shall be removed from the surface of the 
specimen. The straightedge shall be laid across the top of the collar of 
the mould and the depth of the specimen below the top of the collar 
measured to an accuracy of 0.5 mtn. Readings shall be taken at four 
points spread evenly over the surface of the specimen, all at least 15 mm 
from the side of the mould, and the mean height, h, of the specimen 
-calculated. If the specimen is more than 133 mm or less than 127 mm 
in height, it shall be rqjected and a further test carried obt. 

11 
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4.2.1.4 The mould, together with the collar, baseplate and soil shall 
be weighed-to the nearest 5 g ( m,). 

4.2.1.5 The compacted soil specimen shall be removed from the 
mould and placed on the large metal tray. A representative sample of 
the specimen shall be taken and its moisture content w, shall be 
determined as in IS : 2720 ( Part 8)-1983*. 

4.2.1.6 The remainder of the soil specimen shall be broken up and 
then mixed with remainder of the original sample. Suitable increments 
of water shall be added successively and mixed into the sample, and the 
above procedure from operations shall be repeated for each increment of 
water added. The total number of determinations made shall be at least 
five, and the range of moisture contents should be such that the 
optimum moisture content, at which the maximum dry density occurs, is 
within that range. 

4.2.2 S&l Susceptible to Crushing During Compaction 

4.2.2.1 The sample shall be mixed thoroughly with different 
amounts of water to give a suitable range of moisture contents. The 
range of moisture contents should be such that the optimum moisture 
content, at which the maximum dry density occurs, is within that range. 

4.2.2.2 l<ach sample shall be treated as in 4.2.1.2 to 4.2.1.5 and the 
rerri;~inder of each specimrn shall be discarded. 

4.3 Calculations 

4.3.1 The bulk density, ?‘I, in t, m3, of each compacted specimen shall 
be calculated fro111 the equation : 

where 

~1 : IL:XS of the mould + base -I- collar ( g ); 

n~.~ = - mass of the moultl + base -+ collar + compacted 
sptcimen ( g ); and 

h =: height of specimen ( mm j. 

4.3.2 The dry density, Y,.I in t/ma, shall be calculated from the 
equation : 

y ,, --loo_% 
100 .$- ?_(’ 

- . ..- .._ .__. 
l h!~tIlotls of test for soils : l’art 8 Deternlination of’ wattrr content dry density 

rrlaticn <irig h~:~vy conlpartion ( srrondret:i&*~ 11. 
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where 

w = the moisture content of the soil ( percent ). 

4.3.3 The dry densities, Yd, obtained in a series of determinations, 
shall be plotted against the corresponding moisture contents, W. A smooth 
curve shall’be drawn through the resulting points and the position of 
the maximum on this curve determined, and the zero, 5 percent and 
10 percent air voitls lines plolteil for cor~lparison. 

5. REPORT 

5;2 The dry density corresponding to the maximum point on the 
moisture content/dry density curve shall be reported as the maximum 
dry density to the nearest 0.01. 

5.3 The percentage moisture content corresponding to the maximum 
dry density on the moisture content/dry density curve shall be reported 
as the optimum moisture content and quoted to the nearest O-2 for 
values below 5 percent to the nearest 0.5 for values from 5 to 10 percent 
and to the nearest whole number for values exceeding 10 percent. 

5.4 The amount or soil retained on the 37’5 mm IS seive shall be 
‘reported to the nearest 1 percent. 

5.5 The method of obtaining the result shall be stated. The procedure 
used st~all also bc slated, that is single sample or separate samples. 

13 
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