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Sub-Sieve Particle Size Analysis by Different Methods 

by 
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Introduction 

particle size analysis si~n\fies sepa~ation of soil grains Into tw~ or mo~e 
fractions, each contammg particles only of one size. Th_,s analy~1s 

furnishes information about the textural character of the soils and its 
grading for the purpose of classification and identification of the soils. It 
also helps in separating soils into different groups in respect of in-situ 
properties like ~aximum density, comp!·ession_ e~c. In rec_ent years, som_e 
geotechnical engineers have star~ed us1~g acttv1!Y. co-effic1en_t as _an addi­
tional index property for fine grained soils. Act1v1ty co-efficient 1s defined 
as the ratio of plasticity index to the clay fraction, where the clay fraction 
is finer than 0.002 mm size (ASCE Committee (1969).) Such a test is also 
useful in selection of the material for the construction of earth dams, roads 
and embankment filters. 

Particle size distribution of coarse materials is done by passing the 
sample through a set of sieves and weighing the fraction retained on each 
sieve. Fractions finer than 0.075 mm are analysed by mechanical methods. 
The existing two methods in common use for wet analysis are hydrometer 
and pipette methods. Though these methods give fairly accurate results 
yet these are time consuming and cumbersome to determine the percentage 
of fractions finer than 0.075 mm. 

A device called 'Plummet Balance' has been designed to give quick 
results for particle size distribution. Before this device is accepted as one 
of the standard methods for determining the particle size distribution of 
finer fractions, results obtained by the Plummet Balance have to be compa­
~ed with those obtained by hyd~on:i~ter and pipette methods. So this study 
1s purp?rted to evaluate the rehab1hty of res1;11ts for different types of soils 
as o~tamed by plummet balan~e by comparing them with the test results 
obtained b_y hydro~eter and pipette methods. Plummet balance is essenti­
~lly a specific gravity balance and works on the principle that depth of 
11nmers1on of the plummet to a fixed depth is balanced by a beam moving 
o~ the graduated scale and the. reading of the beam on the scale gives 
d1rectly the percentage of fraction of a particular size at a given time 
(Marshall, 1956). 

Methods of Analysis 

Hydrometer Method 

In the hydrometer method, devised by Bouyocos, 50 g. of soil passing 
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0:075mm _siev~ is ~aken and a soil-water suspension of 1000cc is prepared 
1he solut10n_ 1s agitated and allo_wed to settle on a levelled platform. A 
hydrom~ter 1s suspe~ded gently in the solution and readings are taken at 
regular intervals of time. Based on Stoke's law which states that 

V = (y,- y,.) D2 
18µ. 

whe~·e V_ is the ter".linal_ velo~ity in cm./sec., D is the diameter of the soil 
particle 1~ cm., Y• 1s u111t Yte1~ht of th~ soi\ particle in g/cc., y,. is unit weight 
of water 111 gm.fee. andµ. 1s the v1scos1ty of water in g./s./cm2• The 

diameter of the falling particle is given by D = "- I 181-' Z 
'V r,-r.. r 

where Z is the depth of immersion in cm. and the percentage of particles 
smaller than the equiva lent diameter D is given by 

G V 
N = G-1 · (y,-y .. ). w-x 100. 

Pipette Method 

This is another method used commonly in determining particle size 
dis tribution of finer fractions. It is essentially a sampling technique in 
which soil solution from a soil-water suspension is taken and a llowed to 
dry. The initial procedure of preparing soil solution is similar to that for 
hydrometer method. From 1000cc. of soil water and suspension, 50 cc. of 
solution is taken by the pipette and allowed to dry. In order to ensure 
authenticity of results, soil suspension should be sufficiently dense such that 
pipette sample has sufficient solids to giv~ accura~e weighing?. Calculations 
are again based on Stoke's law. Accordmg to this law, particles of a given 
size settle at the same rate wherever they exist a nd have the same concen­
tration at any depth. Thus the sample collected at any time contains 
particles of one_ size which can be se~n in th~ stan~ar? tables. The 
percentage by weight smaller than that diameter size D 1s given by 

where 

N = wp Vvp x wo w. 

W, = the weight of the soil used in suspension of volume V 

V = total volume of the suspension 

Wp = weight of solids in the pipet te sample 

Vp = volume of the sample taken. in the pipe tte 

Plummet Balance 

1:he plummet b~lance which js essential ly a specific gravity balance, 
consists of a base with three levelling screws and an upright pillar. An 
arm is mounted on the p~llar. and this moves on a scale graduated from 
zero to hundred as shown 10 Figure I a. A plummet made of perspex and 
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NO DESCRIPTION 

I BASE 

2 L EVELLING SC REW 

3 UPRIGHT 

4 PLUMMET 

~ PLUM B BOB 

6 ST RING 

7 BEA M ! NE EDLE SHAPED l 

e ADJUSTMENT SC RE W 

9 PIVOT 

,o ADJUSTMENT SCREW 

II SCALE ARM 

12 S CALE 
2 ll PINlON K NOB 

FIGURE l a Plummet Balance 

weighing 3g. in water, is hooked to one end of the pointer and is suspen­
ded in water to a fixed depth level. The desired depth level can be achieved 
by moving the pointer beam on the pillar by a rock and pinion arrange­
ment. The pointer has two screws to adjust its position on the scale. 
There are two weights marked hundred and zero. With the weight marked 
100 hooked to the pointer, it should read hundred. When the weight 
marked O is attached to the hook, the pointer should read zero. After 
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these adjustments, the plummet is suspended by the pointer and dipped in 
water to a depth where readings are to be taken. In this position, the 
pointer should read zero on the scale. 

A 2.0 per cent soil solution is prepared and the plummet is made to 
dip in the suspension to a predetermined mark. The percentage of soil 
particles of a given size in suspension is directly read by the pointer. The 
plummet is kept immersed in suspension and readings of the pointer on the 
scale against time are taken. 

The diameter of particle in mm. is given by the following relationship. 

where 

Z = effective depth of immersion in cm 

t = time in minutes when the pointer readings are taken. 

K = constant to be calculated from the chart. (Fig. lb) 

Percentage finer is plotted against diameter in the log scale to obtain 
the particle size distribution curve . 

44 
. 

u 40° 

..; 
w 
C 

~ 3&" 

z 
0 
en 
z n' w 
a. 
Ill 
:> 
t/l 

u. 2a· 
0 

UJ 
a: 
::, . ... 24 .. 
!!; DI A (m m)= KlmF 
n. 
L t (cm) 

UJ 
20 G, SPEC IFIC GRAVITY ... OF 

50/l 

FIGURE lb Chart for aid in solving Stoke's equation 



) 

PARTICLE SIZE ANALYSIS 275 

Laboratory Tests 

In order to examine the reliability of results obtained with plummet 
balance, grain size analysis curves were plotted for six soils ranging from 
very clayey ones to sandy soils. Soils selected for investigation had the 
following physical characteristics 

TABLE 1 

Soil Type 

I 
Physical Characteristics Specific Gravity 

LL PI Clay Content % 
% % % 

Black Cotton Soil 72.3 45.0 40.0 2.57 

Bentonite Clay 126.3 50.3 93.0 2.59 

Clayey Soil 45.0 22.0 43.5 2.66 

Alluvial Soil 28.0 10.0 18.0 2.61 

Silty Soil 18.5 6.2 17.2 2.57 

Sandy Soil 12.8 3.0 11.0 2.62 

In the case of test analysis by plummet balance, the quantity of soil 
taken was 20g. as directed in the guidelines while in other _two methods, 
the quantity of soil taken for each was 50g. As a substftnt1al amount of 
divergence was discerned between the percent val?es obtamed by plum~ct 
balance and those obtained by hydrometer and p1pet~e methods, so thirty 
gram of soil was taken to get 0.03 per cent solution for the plummet 
balance tests to get more proximate values. 

Grain size distribution curves as obtained by these three methods for 
a ll the soils are given in Figure 2 and are also tabulated in Table 2. 

Discussion 

For a detailed comprehension of results, a comparison of percentages 
passing various sizes as obtained by three methods .for different soils has 
been made and is discussed below. 

Plummet Balance Versus Hydrometer Method 

In t~e case of clayey soil, percentage values passing various fractions 
as o_btamed by hydrometer method are significantly more than those 
obta!ned by plummet balance. The magnitude of difference is quite 
consistent for all fractions and is of the order of about 30 per cent or more 
for fine~ fractions. In view of the large gap between the percentage values 
as obtamed by these two methods, the concentration of soil solution taken 
for analysis with plummet balance was increased to 0.03 per cent. 
Percentage _values for various fractions obtained with 0.03 percent solution 
are ~pprec1ably more than the values obtained with 0.02 per cent soil 
solutwn and are comparable to those obtained with hydrometer method. 
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TABLE 2 

Particle Size Analysis By Various Methods 

Percentage values passing various particle sizes 

Particle 
Size (mm) Hydrometer 

method 
(%) 

0.075 
0.050 
0.020 
0.005 
0.001 

O.o75 
0.050 
0.020 
0.005 
0 .001 

0.015 
0.050 
0.020 
0.005 
0.001 

0.075 
0.050 
0.020 
0.005 
0.001 

0.075 
0.050 
0 .010 
0.00S 
0.002 

0.o7S 
0.0S0 
0.010 
0.00S 
0.002 

88.0 
85.0 
75.0 
53.0 
39.0 

98.0 
98.0 
97.0 
97.0 
90.0 

97.0 
94.5 
78.0 
55.0 
33.0 

96.0 
90.0 
67.0 
32.0 
14.0 

67.1 
49.1 
28.3 
18.9 
16.0 

72.5 
50.0 
23.0 
18.8 
12.6 

Pipette 
method 

(%) 

72.0 
69.0 
62.0 
47.0 
36.0 

96.0 
96.0 
94.0 
92.0 
85.0 

91.0 
78.0 
67.0 
55.0 
19.5 

90.0 
74.0 
47.0 
25.0 
13.0 

67.1 
46.2 
29.2 
23.6 
20.1 

70.5 
44.8 
24.0 
18.9 
16.8 

Plummet 
Balance 
(.02%) 

45.0 
33.0 
22.0 
14.0 
10.0 

86.0 
72.0 
52.5 
46.0 
40.0 

35.0 
30.0 
16.0 
5.0 
1.0 

The pointer 
read beyond 
zero mark. 

-do-

-do-

Plummet 
Balance 
(.03%) 

63.0 
62.0 
56.0 
40.0 
37.0 

97.0 
97.0 
90.0 
83.0 
77.0 

83.0 
70.0 
58.0 
46.5 
19.5 

91.0 
63.0 
40.0 
19.0 
6.5 

The pointer 
crossed the 
hundred mark. 

-do-

Looking at the percent values for various fractions as obtained by plummet 
balance with 0.03 per cent solution fo r clayey soils, percentages as obtained 
with hydrometer method are still higher than those obtained with plummet 

{ balance. To have a quantitative estimation, percentage value for fraction 
passing 0.075 mm for Black Cotton Soil as given by hydrometer method is 



278 INDIAN GEOTECHNICAL JOURNAL 

80.0 while t?e _percentage value obta~ned _by pl1;1mmct balance is only 63.0 
perce~t._ S1m1lar trend of results. 1s discernible. for other clayey soils. ► 
Exammmg_ the values for finer f~acttons: value obtamed for fraction passing 
0.00~ mm 1? the case of bentom!e clay ts 90.0 per cent while the percentage 
obtamed with plummet bal~nce 1s only 77.0 per cent. So a disparity in 
percentage values for vanous fractions is existing in general for clayey 
soi]s. In the case of siltr soil, al~o, the plummet balance gave values 
which were · at large vanance with the percentage values obtained by 
hydrometer. For sandy soils, the plummet balance gave the value less 
than zero mark for 0.02 per cent soil solution and crossed hundred mark 
when ~~e concentration of soil solution was increased to 0.03 per cent. So 
the utility of the plummet balance for sub-sieve particle size analysis lies 
more for clayey soils. 

Pipette Method Versus Plummet Balance 

Percentage values passing different fractions as obtained by these two 
methods differ appreciably though the amount of divergence in percentage 
values is less than in the case of hydrometer and plummet balance methods. ) 
This is quite evident from the data given in Table 2. To narrow down 
the difference in values, concentration of soil solution was increased to 
0.03 per cent for plummet balance tests as stated earlier. The percentage 
values for various fractions increased tangibly. Even with 0.03 per cent soil 
solution, the percentage values passing various fractions as obtained by 
plummet balance were slightly !es~ than those obtai~ed by pipette method. 
For silty soils also, the trend contmues to be same smce percentage ".alues 
passing different fractions as obtained by plummet balance are slightly 
short of those obtained by pipette method. 

Hydrometer Versus Pipette Method 

Though both hydrometer and (pipette methods are presently used as 
standard methods IS (1975) for grain size distribution yet a percep~ible 
difference in the percent values passing different fractions as obta1~ed 
by these two methods exists for clayey soils. Percentage values p~ssmg I 
different fractions as obtained by hydrometer method are slightly '\.. 
more than the corresponding values obtained by pip~tte method. T~is 
holds good for fractions of all sizes. In the case of silty and sandy soils, 
the percentage values for various fractions appear to be more or less the 
same. 

Though these two methods are widely used yet they suffer from an 
inherent defect. The movement of the particles is restricted by the fric­
tional resistance offered by the walls of the soil and this a llows a slight 
inaccuracy to creep in the results Bauer (1959), Berg (1959), Sullivan and 
Ja~ollsen (1959). It has been also reported that the length of the bulb and 
height of the stem of the hydrometer also affect the results , Misra (1970). 

Besides, the values obtained for those particles which settle soon after the 
stirring ~tops, a re not _taken into account in both these methods. Despite 
these_ mmor ~ho~tcommgs,_ these two methods ar~ ~sed universally for 
sub-sieve gram size analys11?, · · 
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Conclusions 

1. I~ the case of_clayey soils, percentage values passing various particle 
sizes as 01:'tamed by hydroIJ?eter method are slightly more than the 
correspo~dtng values as obtamed by pipette method. For silty and 
sandy soils, the percentage values for different particle sizes are 
more or Jess the same. 

2. Percentage values passing different fractions as obtained by hydro­
meter and pipette methods are tangibly more than the corresponding 
percentage values as obtained by plummet balance. This is true both 
for clayey and silty soils. 

3. However, if the concentration of soil solution is increased from 0.02 
to 0.03 per cent in the case of plummet balance, percentage val?es 
for different fractions increase appreciably and become fairly 
proximate to those obtained by hydrometer and pipette methods. 

4. Plummet balance is a handy tool for quick determination of particle 
size distribution if the soil solution taken is 0.03 per cent and is 
useful in situations where a general idea along the textural compo­
sition of a soil is required and where a large number of soil samples 
are to be analysed in a short period. In case a high order of 
accuracy is desired, the hydrometer and pipette methods stand out 
to be the better methods. 

5. Plummet balance has more utility for clayey soil than for sandy 
soils. 
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