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“ A NEW METHOD OF DETERMINING LIQUID LIMIT
OF SOILS”

By
H. L. UrraL axp H. R. AGGARWAL*

SUMMARY

A cone penetrometer has been evolved for determining the liquid limit
of soils with a fairly wide range. Tho cone has a half angle of 15 degrees 30
minutes and penetrates to a depth of 1 inch under a load of 148 grams when
the soilg are at liquid limit.

INTRODUCTION

Liquid limit is one of the important tests in Soil Mechanics.
It gives the moisture content at which the soil passes from the
plastic to the liquid state and has therefore lost practically all its
strength. The liquid limit of soils generally increases with
increase in clay content.

The test for determining liquid limit was initially developed
by Albert! Atterberg, a Sweedish Agronomist, in 1911 and used for
classifying soils for agricultural purposes. With the advancement
of soil science, the use of soil as a material of construction began
to be recognised and in 1926, Wintermyer? suggested the
adoption of liquid limit as one of the soil constants to evaluate
its properties as an engineering material. Since then, this soil
constant is being widely used by highway engineers to evaluate
soils for use as subgrade, embankment, base-course material, ete,

METHODS OF DETERMINING LIQUID LIMIT

1. Hand Method: The determination of liquid limit as
originally proposed was carried out by what is commonly known
as ‘Hand Method.” This consists in taking about 30 grams of
soil in a china clay-dish,mixing some water and levelling the thick
paste with the spatula. A standard groove (5/64 in. in width)
is cut in the middle of the paste and the dish is jarred against the
palm of the other hand till the groove closes down. The mois-
ture percentage when the groove closes at 10 strokes is taken as the

* Central Road Research Institute, Now Delhi,
1



4 UrraAnl & AGGARWAL ON

liguid limit. This method is one of the recommended meth

e Y. p . > ods
for liquid limit (A.S.T.M. Designation D 423-39). On account 02
easc of handling, it has been widely adopted, especially in routine
tes‘om{g when large number of soil samples are req'uired to be
tested.

2. Mechanical Device: With further development in the field
of soil mechanics, the need for a more precise test procedure
became a necessity and a mechanical device was developed l)y
Arthur Casagrande?® in 1932 which could give good reproducibilit:
of results. l Y

The mechanical method requires at least three r: i
at different moisture contents and the correspond?nrg,;L nl(lll(l)tr:llbtz:rrl chE
blows required to close the standard groove is recorded The
percentage of moisture and the number of blows are plot‘ted on
a semi-log scale anda flow curve is drawn. The moisture content
corresponding to the point where the flow curve intersects the 25
blow line is taken asthe liquid limit. The method has bee;l
%ccepteldggz standal('ld byhA. A S.H.0.*, B.S.8S.%and A. §. T. M

rom onwards, this method ] Jlished as
tentative by the A.S.T.M. has oven been published as

On account of personal errors involved, the hand method has

Rogr;%ne ttO Sltity1 gn}g%s an alternative method as per latest
8.T.M. standards®, 1954 and has to be calib r

mechanical device. ibrated against the

Though the mechanical device is a marked i
the hand method, yet it has its own drawbacks. mv%()if’: n;e:sl:ion
large number of alluvial soils with this device, it has been obs:rg-
ved that liquid limit cannot be determined correctly when ’th
goils are sandy (liquid limit below 25 or so and plasticity inde)(i
between 4-7). This difficulty was also experienced by Cas:
grande himself and he attributed it to ¢ insufficient? a,dhyesion M‘E
suc.h soils to the cup and also to their excessive perme:abil"?
which causes excessive water content in the region of the groové X

The range of soils for which the m i i
give correct va,!ues of liquid limit was ggzletlllri?ﬁi((lie;;’ce g:es not
soils of decreasing plasticity index, by adding increasin P 'Pa:rmg
age of graded sand to a soil of known plasticity index ga.g(&rcfﬁlt_
determining their liquid limit. (The plastic limit was determi en
by the standard method). The analysis of the graded sa Iimined
with the grain size distribution is given in Fig. 1. 1t h“( along
assumed that when graded sand is added to a éel‘t‘hin as.lbeen
plasticity 1pdex fz.xlls proportionately to the per cénf, S(;l , the
added. While dealing with similar subject it has been Sh(:)w;&{:;}

Liquip LiMiT oF SoiLs 5
Sieve No. (B.S.S8.) Percentage passing
36 100.0
52 81.0
72 60.0
100 43.0
150 20.0
200 1.0

GRAIN SIZE DISTRIBUTION CURVE

B. STAND.  SIEVE. HHHESBERREER
U.5. ST . ] R ©] [~] o © D: S
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0 —J100
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©
——— DIAMETER IN mms.

Fig. 1. Particle size distribution of the graded sand used
in blending of soils

Hogentogler* that plasticity index falls proportionately to the
addition of sand, though the accuracy of the results becomes less
as the percentage of sand added increases above 45. The values
of plasticity index thus calculated according to the above
assumption and the one obtained after determining liquid limit
and plastic limit are given in Table 1 and also gshown in Fig. 2.

* Hogentogler's formula (Ref: Engineering properties of soil by C. A,
Hogentogler, p. 278 & Public Roads, Vol. 7, No. 12, Feb., 1927).
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TABLE 1
- . . i from
S . ticity index obtained
2 Comparative results of plas Yrande,s Mechanical
-g ! w 3 the L.L. determined by Casag the basis of
"z S 3 Device and calculated values on
7 S addition of sand
z .2 w
2 R Plasticity
o el ] . H .
Tex r & Liquid Plastic icit Index
S ek L Per cent 1 imig per | 1St Flastioity by calou-
o *< g Soil type | san cent (Mech. per cent lation
S Hwld added | Device) .
< o w30 ! N R
-2 2 g4 3 I T T s e s 10.1
Y Js33 Loam Nil 28.0 {Z-S 5.3 7.6
: =<3 25 22-3 159 1.3 5.0
‘ a8, 50 17. :
L
.7
j 0§32 0 340 o2 125 12.6
2 63 Silty clay 20 29.4 160 9.1 9.4
- % loam 40 26.0 17.7 2.7 6.3
= é s 60 20.4 . NP 3.1
o o = 8 80 18.7 18.7
w -2 —
> > 38 0 44.6 o o8 19.8
= < S " 20 38.1 16. 15.8 14.8
@ ] Silty 15.7
i PR clay 40 31.5 8 7.9 9.9
| w Bz 60 237 1.8 42 74
ey & 70 20.5 1o 1.7 4.9
| s w © 80 19.1 17.9 02 3
: - T8 85 18.1 17.
w £S 31.9 47.1
: 2 > Cla 0 79.0 : 40.3 87.7
"e§ = g @ (black 20 66.0 o 29.2 28.3
: o 738 cotton 40 gg'g f6'9 19.1 13-2
s % i 60 - ) 9 :
E o &g soil) 80 23.6 }g; 3_7 4.7
x bl .
_ 0O > < [~] 90 19.5
- : v » .
H n = dy soils with
! . . ls 1 that for sandy
= =3 i § It appears from the results in T?bu?d limit values When deter-
= I ' : Plasticity index below ,8 t(ci) 9,_01;he&reqlow and consequently give
S ! 21 > mined by Casa»gr&n(,ie,s .i‘ézx of the soil. '
5 ] lower values of plasticity i ils in Tndia with
[ A 3 sits of alluvial soils in Indi
"~ & Since there are large depo ing from 0-12 (liquid limit below
E g plasticity index generally (Iia'n-gée gca,nnot be confidently used fO(li‘
s o 25 or 80) the mechanical ?gll'mit As has already been pointe
; determination of their liquid linib. ersonal errror and there-
1 lves lot of p .
r ° N out, the hand method mnvo-ves m. It, therefore, requires another
p i ® M 20 fore cannot be free from criticism. )
X3IANI  AL1J11SVId ——u e
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type of mcch‘amical device which can give reproducible results and
yet be applicable to wider range of soils, more so on the sandy

side for which existing mechani Vi i v
‘ ating ical device is not f T
B ablo, ound very

In the mechanical device as well as in t ¢ it T
been assumed that the force resisting the (1(3;21}:1(1)022‘;%(:1?0(?2}(1012'hlo:%
of the groove is the shearing? resistance of the soil and hencelialbh
number of blows required to close the groove of a soil p: ;e
represents a relative measure of the shearing resistance of thgt)'(i
at that moisture content. The soils at their liquid limit m;)i;-
ture content, though said to have lost practically” all tlw‘ir
strength, yet possess a certain small shearing strength T]{‘
strength is a definite value and is same for all soils at tl ‘{s
ress};')ectnve3 liquid® limits. Skempton® and Northey have aflur
estmx;xted 1.shat at liquid limit moistures, clayey soils ha,veso
shearing yield stress of the order of 0.12-0.22 1b per sq incl?
The'refo‘re, with the object of evolving a suitable moch.anica,i
device, it was .kept in view to select some suitable shear test device
for' fletermnnlng tl}e liquid limit of soils. The problem was
originally started in 1953 but could not be actively pursued o
account of pressure of more urgent work. "

INITIAL TRIALS

Out of the many methods used for rminabi
strepgth, the penetration method is thet}grgi)tlfxls;n lzilggloxlxllsjtskgir
zgt;;zt&tb(;n:otﬁsuiz. th% It)l(;lr';mltwa,ts. mad;a to determine the resistance
Penetration of a metallic cylindrical rod
5 cms. long and 1 cm. in diameter. It was fitted z ‘an bonit
;‘gdav:;;sllilnaé rdilcicl fl?lrc') ﬁﬁ;ryir_ltghlgads. The soil for the teoséb Ivlva,:bt(:lligg
) ] , wi in. diameter in. i
size of which was fixed after a number of t;réi“z;‘l(s;i t?olgﬁ;ﬁr(éeafhé glle
resistance to penetration was not affected by the sides of tha :
Eilt::;én %gowtas 3f(())6md th?t the total weight of the plunger \?a(i'?:d
ety ¢ 0 gms. for a penetration of one inch to get liqui
limit moisture content. The total resis ge 1qu_xd
depends not only on the cross-section :?éla? eo(f)ﬂgi::d f?(rzetthS(;ﬁs
plunger but also on the side friction which varies from soil t 'E;
and glso with the depth of penetration. The device was t:her0 fS o
considered not very simple and for subsequent tests, cone enetore
meter was used. It has the advantage that area c’>f con%)a,ct:3 o
be rea.yhly c.alc.ulated from the penetration, apart from th fc ot
thaﬁ side friction is also very small. One of the standarde hes
which has been succesfully used in the field with the ;Ion&s
Dakota has an angle of 7°-45'. A number of experiments wero
carried out with this cone with increasing load and soil moistﬁizg

-
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to determine the load required for a particular penetration at liguid
limit moisture content. It was observed that penetration of one
inch was brought about by a small load of 50 grams within
which the weight of penetrometer itself could hardly be adjusted.
Besides, it was noted that even a small change in load caused
marked difference in penetration. This cone was, therefore, con-
sidered. to be rather too sensitive for guch tests—and further
oxperiments were conducted with a cone of half angle equivalent
to 15°-30°. The details of the various investigations carried out
with this cone are discussed in the following pages.

A: Relationship between time and penetration

Different soils ranging from sandy to clayey in nature were
taken at about their liquid limit moisture contents and the
penetration of the cone was determined under & particular weight
at intervals of 10,20, 30, 40 and 60 seconds. The results obtained
are given in Table 2 and further represented in Fig. 3.

w
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Fig. 3. Effect of time on the penetration of cone
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TaBLE 2

Effect of time on the penetration of cone

Penetration in inches after

Soil No B
10 secs. | 20 sees, | 30 secs‘il 40 qccq— (3-(7;;:
DI 0.97 0.97 0.97 0.97 0‘)7 J
H84 1.02 1.02 1.02 1.02 1.02
275 .85 .85 .85 .85 .85
743 .92 92 92 92 499

It was observed that maximum penetration t:
within the first few seconds and the regults clearly Sﬁll::ihgiaﬁg
change in penetration takes place after 10 seconds ‘of the releas
of the cone. However, 30 seconds were taken as a very safe ll"( l'ft}-,
and adhered to in all further tests. ¥ Rale himt

B: Relationship between load and penetration at liquid limit
moisture contents

Five different soils were selected with ici ;
10 (liquid limit ranging from 29 to 74) for p\l:}?glcllti); liI;dex ab:vs
that the results obtained by mechanical device are corfcctep ‘13
each case, sufficient quantity of soil was taken worke:fc.' . n
paste and its moisture content was adjusted at ’li uid 1 1nto a
determined by mechanical device. The sample wa;l take mit as
metallic trough and penetration of the cone was recorded a,? _in the
sing loads. After each penetration reading, the cone was llncrea-
and the soil in the trough was levelled for the next deter;;,,c ez,ped
The results obtained are given in Table 8 and al ination.
graphically in Fig. 4. ) also shown

The results clearly show that the .
relationship at liquid limit moisture :(‘;Vnot:ftrlalrivlﬁz V’?ez.xr !
for all these soil_s fall so close that thege c.a,n o arious points
follow one dpﬁmte straight line. There is, however S(;I?n]s]ldch(l to
sive deviation after .86 inch penetration and. eh :r efgll:ggr?g;

i )

a linear

TaABLE 3

d limit moisture content

.

iqui

Co-relation between load (g¢rams) and penetration (inches) at 1

[ Soil No. 275 Soil No. 584 Soil No. DII

Soil No. 710

Soil No. 743

Liguip LimitT oF SOILS

Penetra-
tion

Load

Penetra-
tion

Load

Penetra-
tion

Per.xetra.- Load
tion

[
|
\
\

Load

Penetra-
tion

Load

Ll
-

0.75 106 0.78 116 0.78 106 0.76 106

106

0.85 126 0.87 126 0.86 116 0.80 116 0.83

126

0.93 136 0.91 136 0.91 126 0.83 136 0.92

136

0.99 146 0.97 141 0.93 136 0.93 141 0.96

141

1.00 151 1.00 146 0.95 146 1.00 146 1.00

146

1.10 156 1.08 156 1.03 156 1.03 156 1.05

156

11
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purposes of determination of liquid limit,
will be 1(_10&1. It will, however, be mor
penetration of 1 in.  For all furth

apenetration of 0.86 inch
¢ convenient to record a
er tests, one inch also being the

»
&

&
/
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Py AR
s 4////:
s
2 ’ 4/////
Y.
s
. 1O
[ —
wl
x
v
Z
0.864
Z gl
[y
2
Q
o
& o6
2 LEGEND.
'-_' SOIL NO. 743 x x
o 584
- 9 44
w on v g
2
w 275 A 4
a T0 -0
O.ZT
—— T v r ' ,
Q T
36 72 108 144 180 216

———— WEIGHT OF PENETROMETER IN GMS,

Fig. 4. Relationship between load and penetration
at liquid Himit moisture

simplest and whole number w
of cone with half somie ot 15(}?{3{)50” as the standard penetration

Liquiv Limit oF Sorrs 13
in Table 4 given below :

TABLE 4

Load required for 1 in. penetration of the cone at
liquid limit moisture content

Liguid limit by | Load required
Casagrande’s |for 1 in. pene-

8. No. | Soil No. Soil type mechanical tration of the

; device cone
1 743 Black cotton 73.9 146 gms.
2 710 » 68.0 151 gms.
3 275 Moorum 48.2 151 gms,
4 584 Moorum 37.8 146 gms.
5 DII Alluvial 29.0 146 gms.

Average= 7—§~0= 148 gms.

This clearly shows that for 1 inch penetration, the correspon-
ding load required would be 148 grams which in turn will re-
present liquid limit moisture content.

C: Relationship between load and moisture content for one inch
penetration

In this set of experiments, load required for one inch pene-
tration of the cone was determined at varying moisture content
on either side of the liquid limit for a number of soils. The
results obtained are given in Table 5 and shown graphically
in Figure 5.

The results evidently show that the two ‘variables follow a
mathematical relationship for a wide range of moisture content.
The curve tends to be parabolic with increase in variation on
either side of liquid limit moisture content showing that the rate
of change in penstration resistance is not constant for a..ll mojsture
contents. There is only a small range close to the liquid limit
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at which the variation in load can be considered to follow a
linear relation. This range lies betwoen a load of 120 to 160
grams which means corresponding penetration of 0.8—1.1 inches
against a load of 148 grams required for penetration of 1 in.

. > " .
BB
S .
b4 = X x
2.,
»
SEGEND
84Sy [34 27 W 92
Tt %4, —_—
v - v 275A " O
“ " 755" [ —
8 [s4 255
L IR -
-
£ A\
o
o ~
T8 rS1 $3 r24 ,&‘ \4
=
]
o
x
78 48 215
a
71 145 F18 2
J;J) £ A L 7
50 100 120 160 200 250

T LOAD IN GRAMS OF PENETROMETER

Fig. 6. Relationship between load and moisture for 1 inch
penetration of the cone

D: Relationship between penetration and moisture at particular
load

A large number of soil samples with varying liquid limits
were selected and penetrat:ion was determined under a constant
load of 148 gms. at varying moisture contents on either side of

Penetrometer devised by the Author (Dr, H. L. Uppal)

for determining liquid limit of soils
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liquid limit so that the penetration of the cone ranges between
0.8 to 1.1 inches only.

S. No. Soil No. Seil type Liquid limit
— _ per cent

1 DIV Alluvial 24.3

2 DI11/208 Alluvial (sand mix) 29.1

3 524 Moorum 30.3

4 816/208 Moorum (sand mix) 38.0

5 816 Moorum 45.1

6 275 Moorum 48.6

7 753/208 Black cotton (sand mix) 64.4

8 753 Black cotton 77.4

The results as given in Table 6 and shown graphically in
Fig. 6 clearly show that the two variables bear a straight line

relation between the above range.

TABLE 5

Co-relation between load and moisture content
for one inch penetration of the cone

Soil No. 524 Soil No. 275 Soil No. 753

Soil No. 927

Moisture| Load {Moisture| Load {Moisture] Load |Moisture | Load
percent-| in [percent-| in |percent-| in | percent-| in
age | gms. age gms. age |grams.] age |grams.

213 300 284 220 452 220 721 230
918 220 205 166 479 170 746 170
225 180 298 160 505 132 780 130
281 150 807 130 531 97 804 100
“248 100 323 85 " 56.7 69 827 90
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TABLE 6
. 1 Moisture Mean penetra-
1-2 Soil No. ' Percentage ; tion in inches
DIV 21.3 0.68
L 22.1 0.80
23.4 1.00
24.0 1.10
“ 524 28.4 0.82
s o 29.5 0.94
- 29.8 0.95
= 30.7 1.10
z 31.0 1.12
o 09 1
s DIIT;208 29.4 0.85
x 29.9 0.92
e 31.1 0.97
z 08| 31.9 1.03
-;; 32.5 1.09
& 816/208 36.5 0.76
38.0 0.86
07 39.1 0.95
39.8 1.01
40.2 1.05
—————= MOISTURE PERCE 816 41.7 0.80
NG 42.9 0.85
son no. b 7l 2 2 23 24 LEGEND 45.4 0.97
T —— i i
. 816/205 % 3 38 39 40 :
. o6 4 23 44 455 e = 275 45.2 0.77
— 49.0 1.00
oo 187 12 [ 76 78 80 50.5 1.10
 —
Fig. 6. Relationship between penetration and moisture content 753/208 60.7 0.75
unde 61.5 0.82
£ @ particular load 64.1 0.94
65.6 1.00
Having fixed th " 68.0 1.08
aving fixe e pehetration and the lo: .
and cstabliching that a1l the variables involyed gone device 753 72.1 0.75
a definite relationship close to its liquid limit moi 1;0 ests bear 74.6 0.93
this device was considered suitable to be ado tedofls u(i‘e COn.te-nt,, ' 76.3 1.00
moisture content at which th i P or determining 78.0 1.10
o soil has a very small but finite '

shearing strength i.e., its liquid limit stage.
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Ligutn LimiT oF SOILS 21
DESCRIPTION OF THE APPARATUS TapLe T
ol O“:II"]]“?SP}PI"“‘?'M:?. which was designed by the senior Author is ‘ Liquid limit per cent
Sh ! wotograph, page 15. Tt consists of an ebonite stem 8 8. No. Soil No.

inches in length, the top of which is thre i
. > s aded into an i :
while the lower end is eapped with a metallic cone of haffba.o:glf: O%qug ‘

4 Casagrande’s Penetrometer
degrees 30 minutes, 1.20 inch coned length. The stem passes through

mech. device device
eh. device | T

T_shaped stee ; - 1 688 20.1 22.8
a I sh(q‘)(‘,(.l steel holder which has two holes, 8 cms. apart, o 2 511 20.7 22.9
the upper and the other at the lower end. The size ofptl N r}e at ) 097 20.8 23 9
ol thok i keens . ct 18 ( . .
T‘df\ ‘t\h.mt it }\\00135 the s‘tem vertically in position besides perm(;ti?;; 4 DIV 21.4 24.3
:;v;li(w‘](l/e(-}:;?:b;n;((l?ﬁgto:[lhmet-, stem is _pfﬁovidcd with & sliding pointer 5 610 22.3 25.3
e adjusted at any point over the scale on the h 6 863 22.5 24.6
This cone arrangement weighs 148 : ! e holder. j : .
. . > , 8 grams inclus i § 24.1 24.8
:;oglr:h;nt(}) the pomteér a'gmc(}[l‘;d to it. The apps:,l"r:t?lfst};: thgrg;ec(i Z& ;}3: 24.6 25.8
y to an iron stand. The soil paste is prepared i P > f 2.8 20
ﬁlﬂgﬁhim o ts Paﬂ%la’ ; nd is then tmnsferredp toa slgal? g;’llllr;\a lb 1233(1) 25‘0 26.9
rice stallic trough 2 in. inner dia., and 2 in. in hei - , . P
g i e . ight for 11 282 26.9 .
carrying out the test. 12 390 27.1 ggg
13 DI 28.0 .
14 423 28.2 30.0
RECOMMENDED PROCEDURE 15 D 11 29.0 29.2
A 50 gr ; . 16 589 29.3 29.5
or U O s the soil sample, passing 40 mesh Indian 17 524 30.0 30.3
i 1't;‘b ‘ . ,‘1:vvc, shall be taken and worked into a paste with the 18 465 30.1 30.2
im ;; }on .0 ;m er. (In case of clayey soils, it shall preferably be 19 474 30.7 31.2
hep ‘dc')r an hour or so in the humidity chamber, about 95 per cent 20 834 31.4 31.0
umi 1§1y lto ensure uniform distribution of moisture). The soil 21 394 3L.9 32.1
Fiffﬁ (Si f(m 1 t}tl}en be transferred to the cylindrical troﬁg}l ;md 22 368 32.0 31.3
t‘;l " cgne ;Oorinnt 1](:1 :t(})}z.ou '{,'he I;inetroineter will be so adjusted that 23 424 32.0 32.5
ches the surface of the sample. The poi ' 190 33.1 33.2
ter on the stem shall be adjusted to read pie. e poin- 24 .
i o 5 37.8 37.6
specific mark on the scale and then released % zero or any other 25 b8s ]
: . . o penetrate i 6 353 40.3 40.6
z%lcl)s: nfliglestlégdrfcll‘sltfsr;;’ﬁlgtl}lt' "{?he Penfetration shall be néfgtloaftgi 37 810 40.5 39.4
e e release of the cone. Th i 425 42.2 43.1
content of the sample shall be increased ti : e moisture 28
i i Ay sed till a penetrati i 209 46.1 45.3
is obtained. This moisture content wh penetration of 1 in. 29
§ 48.2 48.6
tage on the oven dry weight of the soilen expressed as a percen- 30 275
Pl At S shall be taken iqui 31 574 53.8 54.9
%;rn;gvigh:) 11)1(;]_1‘21(; lm‘ut. values can be more correctly d::erg(}x;g 32 588 55.5 56.4
interpola%ing t‘he 'cgf;;(élpfz)gnsdyvlth lllfreasing moisture content and 33 243 55.6 52.9
from the graph. ing value for one inch penetration gg 33% 22(2) ?5?51
36 743 73.9 73.7
317 555 75.2 73.8
FINAL TRIALS 38 753 80.3 7.4
i 39 704 84.7 81.7
on fanofﬂﬁs 1i)iz(xirtl:'of_"zhe study, a large number of soils with wide 40 550 85.2 : 81.8
: 8 | q imits, from 20-85 which are almost extreme limi
of soils, generally found in India, were selected and their 1:(‘;::’3 T b;Note: Comparative values of 80O more samples are given in
able 8.

3
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limits was dectermine s
ined both by the Casagrande’s mechanieal

device and the proposed penetrometer accordi
R ok cording to the procedures

The results clearly show that the liquid limit values
obtained by both these methods fairly tally wi;{lll:;cl:l:)rt},llfcr \;glu'(»]sl
soils, except when their liquid limit gets reduced below 25 ' ‘IL
such ca,ses,_the rosults of penetromeier arec somewhat hi rhm: 'th' n
those obtained with mechanical device. 1t hay zmlrf:md’ 1 on
shown that the la.tte_r device gives low results for such sa’;ldy sz)(i?:l
It was further considered to compare the results obtained by ll)of:}i
these methods by adding varying percentages of graded S');};ld to
different soil samples. The plastic limit for each soil-ﬂn(i i
ture was also determined in the normal way and the.r;frommtl}):(;

?fgulgs of plasticity index were calculated and are given in Table 8,

The results show that the cone i

' b penetrometer gives more con-
sistent results for a wider range of soils especiallygtOWa.rds sa,cn(rlly
side when compared to mechanical device. The decrease in

plasticity index with the addition of i
Mesentoglors* formula. sand is calculated from

SIMPLIFICATION OF THE TEST PROCEDURE

_To simplify the procedure of determining liquid limi

ad]ugting its moisture content to get one inch pgnel&:é?okrir;lthz
consudered.to derive the same from a single reading of penetration
at any moisture content. It has already been seen, vide Table 6
Fig. 6, that the two variables, penetration of the cone and the
soil moisture, when under a fixed load, bear a linear relation
provided the moisture content is close to its liquid limit and the

’P=P1S1X+PQS‘2Y+P3L9,';Z
S1 X + 827 + 83 72

Where X = 9% of sample A in mixture.

Y = do. B do.

Z = do. C do.
Sy = do. of soil fines in sample A

S, = do. do. B

Sz = do. do. C

Py = Plasticity index of soil fines in sample A.
Py = do. B,
Py = do, C.
P = do,

the mixture,

TABLE 8
t and plasticity index

as obtained by the proposed

quid limi

i

Comparative values of 1
penetrometer and Casagrande

ing graded sand to soil samples.
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Fig. 7.
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penetration ranges from 0.8 to 1.1 inches. These results were exa-
mined by the statistical section and after a careful study of the
regression coefficients which depict the average change in the
value of moisture content corresponding to a unit change in the
value of penetration, the following relation has been worked out
which can predict the value of liquid limit at 1 inch penetration
with good accuracy.

Liquid limit=M o« +%} (1- <) (M4 15)
where « is the penetration of cone in inches

and M « is the moisture percentage corresponding to penetra-
tion of o« inch.

1% has further been verified that the estimated values of liquid
limit calculated from this formula are very close to those actually
determined. Comparative values are given in Table 9.

TABLE 9

‘Comparison of estimated values of liquid limit with those

actually determined by the penetrometer
Liquid Liquid
] limit limit

S°n No. in i:ches ¥ per cent | per cent
estimated [determined

Base course soil 0.8 22.1 24.0 23.4
do. 1.10 24.0 23.0 23.4
524 0.82 28.4 30.3 30.2
do. 1.10 30.7 29.6 30.2
DII1/208 0.85 29.4 31.0 31.5
do. 1.09 32,5 31.4 31.56
816/208 0.86 38.0 39.8 39.7
do. 1.05 40.2 39.5 39.7
816 0.80 41.7 44.5 46.0
do. 0.91 44.5 45.8 46.0
do. 1.07 47.0 45.9 46.0
275 0.77 45.2 48.7 49.0
753/208 0.82 61.5 64.9 65.6
do. 1.08 68.0 66.2 65.6
753 1.10 78.0 77.1 76.1

A multicurve chart as shown in Fig. 8 has also been develqp'e“c'l' from
which moisture content at 1in. penetration of the cone can be easxly soad;
knowing moisture at any penetration between 0.8—1.1 in, Tl
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ESTIMATION OF SHEAR STRENGTH AT LIQUID LIMIT
MOISTURE CONTENT AS GIVEN BY PENETROMETER

The theory of plastic flow, as involved i
tion tests, has already been worked out b;/l Ilirtmrtxlrls:f c%rxl‘:np(;}tliletra(i
Hencky and the investigations of these Authors éhow that atr}nl
h:u:dness of [_)lzhstlc materials (resistance against penetration of .
golid body into the material) is a simple multiple of the 'oba
strength of tho material. In turn, by definition, the h'Lr(ln(':u ?
plastic materials corresponds to the yield point ’beoau;e unif4 °
pressure greater than the hardness, the material ﬂ;)w;l H(Lr y
the yield point and the cube strength of plastic materials Meence,
nected with each other by a simple and well-dcﬁnedk rela,tcig?l-

Liguinp LiMiT or Soirs 27

This theoretical conclusion has been repeatedly verified by experi-
ments. Thus, according to the theory, the resistance of a body
with a long narrow cross section should be equal to 2.57 times the
cube strength of the material, regardless of its hardness. The
proposed cone of half angle of 15 deg.-30 min.,at 1 in. penetration,
on calculation gives 1.35 1b per sq. in. as its penetration resis-
tance for a boaring area of 0.2416 sq. in. Further, in case of
soils at liquid limit, the shear strength would only be about half
of the cube strength i.e., compressive gtrength. The penetration
by 1 in. of such cone in a soil would, therefore, amount to a shear
strength of about 1.350/ (2 2.57)=0.26 lb per sq. in. which com-
pares well with the estimated values of Skempton and Northey.
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SYNOPSIS

A slight modification in the technique of surface dressing is suggested by
spreading the aggregates for each coat, in two stages. The aggregates for the
second course will be of a size smaller than that of the first course and, by
wedging them into the voids, a well knit and interlocked surface could be
obtained. Based on laboratory data and assumptions, the relative sizes and
quantities have been worked out. .

1. INTRODUCTION

1.1. The technique of surface dressing consists essentially
of the proper embedment of a tightly packed stone course over a
bituminous layer. For securing the bond between the aggregates
and the binder, it is necessary that the stone course should com-
prise of aggregates laid in a single tier. If the stones are of
mixed sizes as shown in Fig. 1 (wherein smaller size stones are
spread along with the bigger sized aggregates), it is quite possible
that, owing to the passage of traﬁﬁc the bigger aggregates would
get dislodged resulting in ravelling. Further, the smaller sizes

* Central Road Research Institute, New Delhi,
4



30 SWAMINATIAN & BAGCOUER oN

might get submeorged in the bituminous binder and serve no pur-
posc. If, on tho other hand, the aggregates are of o single size
uniformly as shown in Fig. 2, cach stone being embeded in the
layer of binder—then the above mentioned defects are not likely
to arise. It is because of this that most of the practices abroad
indicate the use of single sized aggregates for surface dressing,

a0l

Fig 1.

0

Fig. 2,

874787479

——

g, 3.

1.2, A further development of this appe
the aggregates, shown in Fig. 2, are given additional interlocking
support by smaller size chippings keyed into the top crevices of
the first stonc layer as shown in Fig. 3. In order that this
structure may function effectively it is necessary that the two
layers of aggregates will have to be laid separately. Also the
space between any two aggregates should be such that the binder

from below works upwards and also affords sufficient embedment
for the smaller sized aggregates.

ars to be possible if

L.3. To achieve this effect it is obvious that the proper size
and quantities of aggregates should be chosen for the two layers.
The object of this note is to determine as to what should be the
size and quantity of the stone chippings in order that a well knit,
well embeded aggregate surface is presented to the traffic.

2. LABORATORY PROCEDURE FOR THE DETERMINATION
OF THE SIZES AND QUANTITIES

2.1. In order to determine the relative sizes

‘ and gquantities
of aggregates required for a single coat (

but consisting of two

AGGREGATES TOR SURFACE DRESSINGS 3

layers of stones), the procedure adopted was as under :

Selected, angular and irregular Delhi quartzite aggregates of
the following five sizes were taken :

(a) Passing 1 in. and retained on 2 in,
(b) Passing } in. and retained on % in.
(¢) Passing } in. and retained on 3/8 in.
(d) Passing 3/8 in. and retained on 1in.
(¢) Passing } in. and retained on 1/8 in.

¢ fact that these
These « cgates were chosen because‘of the ‘
are t}lulzlcr:(c)r:ri%ﬁygemployed sizes for bituminous surface dressings
in India.

i i f a given size
2.2. To determine the quantity of aggregates o

required to cover a unit area, the aggregates were hand;}liackz?vzz
as to have a shoulder to shoulder support between thems ohves
over a given area of 10 in.x8 in. The aggregatesd“;ere then
removed and weighed. Their bulk densities were also de err;um?
previously. Based on this density, the quantity of %ggr%ga e:“l{r;
cu, ft. required to cover a unit area 1S obtained. Otr vo
different values of the original bulk density of the a.glg?rlrega %kin
cach size, the quantities required for shoulder to shoulder pa g
were obtained. The figures are given in Table 1.

. e . £
. In order to determine the individual y01d spaces le
tmfter2fie aggregates are packed, & known quantltfy Olf th(.a. aggx:(i
satcs was taken and coated with a thin film of ¢ yceléne a ;
aextrine paste. The aggregates were then placed in a tray o
size 10 in. X 8 in., and lightly shaken so that the aggregates mal.y
all, more or less, lie in one la,yfr. , The.ntga.z; :(iso (;:;a;str ilx)ll;fviyoa‘;st gr
coa’,ted with a thin film of glyceri o Cextrine voidé
Molten blown grade bitumen was then poured in i s
isi ce so that the aggregates are submerge
X;Stli}ilet}?;l :2;&1 Sg;fathe aggregates are just visible, .Ph’otog 1
and 2, and the whole tray was then allowed to cool. On inv (}alrt;rﬁg
the tl"ay the whole block of the bitumen together wit ®
embeded aggregate was easily taken out. The aggregates v}s;gr}e:
then removed and an impression of the asphalt pro;eciglons whic
in fact represent the voids, was taken. From this hnalpr}els?lon%
the surface basal area of these voids was obtained wit be ? po
a planimeter. It was noted here that the pattern of th: asal sur-
face area of the voids either on the top or at t}ic?d bot (})lmltlswrﬁ?gﬁ
or less alike. The pieces of projecting solid asp 13a, b
represent the voids were then cut with a knife so as ﬁ 3 }el a
VeII)'y level base. These were then counted and sueve% }f rough a
series of sieves, without exercising pluch pressure. eblt);zl';ge%.
tages of particles (by number) passing each sieve were 0 ed,
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2.4. This procedure was adopted for cach of the sizes
menti,oncd above, Photos 3, 4 and 5, except for the gize passing
% in. and retained on 1/8 in., as it was difficult to get the indivi-
dual asphalt picces (representing the voids) without damaging
them. The operation, however, was done for different rates
of spread of the aggregates at intervals of 0.5 cu.ft. The number
of different rates of spread taken for each size was such ag to
give one to two rates above and below the optimum quantity of
aggrogates required to give a single layer of shoulder to shoulder
packing. The size of voids is given in Tables 2, 3,4and 5, and
the surface arca of the voids is given in Tables 6,7, 8 and 9.

2.5. For obtaining the volume of voids when the
gates are kept in one layer and packed very closely,
quantity (Tables 6 to 9) of the aggregates was arran
previously weighed tray, and molten wax was pou
the voids of the one stone layer. On cooling, the wax was shaved
oft closely so as to yield as level surface as possible. The tray
was again weighed and from the difference in weight th
of the voids was obtained. The voids were also calculated based

on the bulk volume of the aggregates used and the results are
given in Table 10.

aggre-
a known
ged in "a
red into

3. DISCUSSION OF THE RESULTS

3.1. Table 1 gives the quantities of aggregates of various sizos
required to cover 100 sq. ft. area of the road surface, when the
stones are packed shoulder to shoulder and to form a mat of
one stone thickness. From this Table it can be seen that the
quantity required decreases as the size decreases, It suggests
that a little quantity of the small size chippings would suffice to
act as a blotter and as such impair the proper embedment of the
larger sized aggregates. Hence, it is obvious that in ¢
gates used for surface dressing there should not be a
ciable amount of fines.

he aggre-
ny appre-

3.2. It can also be noted that whereas the quantities of
aggregate in lbs per 100 sq. ft. for any one given size, for two
determinations, are the same, the quantities in cu. ft. per 100
sq. ft. are widely different for the same size, This is as a result
of the different sets of values of the bulk densities taken. Since
the bulk densities for the first get of determinations (represen-
ting the loose bulk density) are lower than the corresponding
bulk densities (representing the dense bulk density) for the second,
the bulk volume of aggregates required is more for the first
series than for the second. This stresses the importance of
expressing the quantities in term of weight rather than in terms
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ifyi ities in terms of volume is

s, Specifying the quanti in olume 1s

i)ifmb\l’g lilzlon}g(ive ei%herim excessive or msuﬁxclerllti); co;ersg?t Hence

it( is suggested that specifications ba,.se(.llon o ga,ctices o
area per unit weight of aggregate, similar P

should be adopted in our country as well.

give the different sizes of the

ious sizes
voids cxpressed as a percentage (by number)f fgrr?;iivarllt can be
of aggregates taken and for different rates of sp ‘

i iz. 1 in.-
: for aggregate size, Viz.
o Ta‘ples % a‘nd':’-”thi?. %ear% 15-30 per cent of the
b ohis chn b il a’bndth% lalhg size, aggregates and that betWeer;
i es
Z’?i(;g (Ij)at;lx} (;eniill:fd thz voids can be filled by aggregates of the nex

t voids
lower size. It may be asked as to w}_ly. the 15—32 a%(;rs :}(::mselv(as,
sould ;lOt have been filled with the orlgmal aggthgt s
'bl%u : is that the voids were s0 1rregu1a.r at, ith the typo
of chipping ‘;; t was used, it was not possible to llmg fhese
" 'ﬂl lpp}orﬁgthe&same size aggregates although .thet ﬁre(:;

Xg;dz ;,Vsl such indicated the possibility of wedging

for
ri rates of spread adopted
i:a:gci):‘s the layers of stones we:;e. of
os. for the sizes } in.-§ in. ?tndfgrltlil:(;
in. the layer of stones for rates of spread ab;)lve %gec:t;oﬁe or tho
N dy2 cw. ft. for the latter, was more t a,fn > ston thiok
former an § 3 in -} in. aggregates, fox: rates of spre of2s5.en
it the case‘f; 1i;he .stones wore in two tiers. It is becg;l o s (b
ﬁh%zr}graﬂ?e 3’in -k in. aggrogne S;ZG, e pge;:Znit: g:,bout 60 per
18 k- . A ‘e
i e size as the agg
numbe}l‘l) &z\; lrvlvgh :Eeﬂsfrlate of sprea_d is 2 cu. it. the percentage
g?n:ogasehaving the next lower size is 60 per cent.

3.3. Tables 2,3,4, and 5

3.4. Whereas, for t;h'e
the sizes 1 in.- § in. and §
one stone thick for all the rates,

. it ¢ afely be inferred
the various Tables it can s :
HOW?Ver\,r::O;S pee; cent of the voids in -tﬁe on:e gsatjt?:se . ?{ﬁz
‘;hat e sin %f the aggregate can be filled wmt a;gt%l . o bo
- aJlly or ize. This leaves about 30 per cetljlseo of those smaller
If;?l);g lc));rv ?1‘1: St:l]l smaller size aig];%ggﬁgss'maller size can be taken
; tion. . P
e o me: rie!;a.gnr:edsat}lmt are usually allowgd thﬂ:o?llc);:lfs%lrlllzg
care of by the to ates. Further, under the action 110 T e fantom
f)}fletl?:azigérzzili‘;i do get crushe(ll). EO, lgilgén%h:t all the voids
C . ; fely be stipu
?“t§h°°nséd§r:$$°13&:>tr o ald bo fillod by aggrogates of tho mext
341 © on

lower size.

3.5. Now that the si

ingle stone layer is ne
wﬁastlg}%o?ﬂd be the relative quantities.

ze of the aggregates to fill the voids in

i ion arises as to
ined, the question
determ " The voids in a one stone.
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layer are ,
ag};{mgyt(es; Il?(t i;tl-V:}}L%:pemlff“-‘;}“m“'M to the
the one s fnahieap.  Further, the filling n tl
aggrega&tn&]:}ﬁ; 1];1}:; to Pe done by hhyié;’ i;lnlz)afurﬂllf V(m]'s_m
layer. For this Tablcy (I_nay ‘We(lgc info the voids ozfy(;; of the
surface area of t;hé v ; , 7, 8and 9 are drawn up, gi e first
from these Tables t} olds in the one stone layer ItI » Bring the
decreasing as the ul,attt.he surface basal area of the V(o“(; be scen
the ;ngregates u,req {“l]{ l:]}y of aggregate goes on in(-re&l S goes on
are laid in more thﬁ}lc ed shoulder to shoulder. Tf t/ho zlflf.; until
the planimeter teni tOnc lﬂ;yer,. then the area as mm( &{,lega?es
the Tables that Wi $ to be erratic. However it c: ]l( sured with
s the ien the aggregates are (‘vlo;e]y ‘;’r:(/l:z(;*c:n grom
1 e o form

a single layer, the area of
, ares th ¢ ids i
cent of the total area taken fcl)f' zgi‘ri«;;(;evmds 18 whout 35-40 ber

voids when the

Based on this, the relati
s, ative quantities of the

(l))fe .yi(;lrk_e_dloﬂf. For example, it is seen fr(?n(; fo};)(ie alg%l}‘legtatgs Ths
onfy b pef' cer.ls,ggfrega}te 1s required to cover 100 s ait 8‘0' o
only 60 per o 400 this area is occupied by the soli((}.a, o
phe remair togbe ﬁ};fls;'dc%r;t (allowing for whip off and tole%gtr'\ecgea),ts%
the area is ¢ aggregate of the next 1 i )
Eom(;ov(a?;/sl ;)r(l).qu};: qilslagggog;slgf (?,[gggfgate of thigvﬁ;emrzee(iu?rz:(i
to . Table 1). But 2:
jeo(‘;?l?rlgrdcé)grer 60 sq. ft. So the quantity of }in.— 32?3 zlxb rwo}lld
e O(f:o\;rie‘r the 40 sq. ft. voids area in the singgle étoggrfl).gato
}«]mpir;cally ?tméz;—u{; {)Ié ag%re%}z:te is 40/60x 233.9 lb—ln’)e'") ;}i%r

ly. ! sai at the quanti agrgros .
;)tf thelnext size required to fill up the top \}(;lir:i’;t(l)?; 0lf i
§ one layer In a unit area is equal to 2/3 its i hc oy Dacked
stone layer In 4 / weight to cover the

It may be that very close packin
}I:;l;f]yogftghe }zlxggreggte (especialllgr if tlige Igggre;zi:it allfl tho possi-
harc coursg%n) getting crushed. ' Also a very dense‘ pa,ci'n?'t  th
e poorse ay ;101'; allow the binder to embed parti‘tllmét(if the
advfsa%)legto esd of the second course. So it ’may b:a cyoa e
T atesa opt about 0.5 cu.ft. less than the optimum e
of Workegd b tregqlred for dense packing. Based on this %lantxty
i ut giving the range of limits for th i 12

ggregates to be adopted for the various sizes ° duantities of

3.6. Yor Tables 6,7, 8 and ¢
obtained by the equation’: and 9 the percentage void volume was

80%16.30X - W

—9 % 100

| —
80x16.39X
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average mat thickness.

Il

where X
W
g = specific gravity of the stone.

16.39 conversion factor for metric units.

From Table 6 it can be seen that the void percentage goes on
decreasing as the quantity of aggregates is increased, until the
stones are packed shoulder to shoulder to form a one stone layer.
1f the quantity of aggregates laid is more than the optimum, the
void volume tends to decrease further, Tables 8 and 9, but
in these cases the void volume is that obtained for a two stone

layer.

From Tables 6to 9
void volume in a tightly packed one stone
cent for the various sizes chosen.

But, the void volume as obtained by actual measurement
with wax, as given in Table 10, gives a different picture. Figures
in column 6 of Table 10 are obtained from the equation :

weight of aggregate tocover 80 s8q. in. in gms.

I

it can be noticed that the percentage
layer is about 60 per

_ Vol. of voids (Column 5)
V= ~w[2.64 - volume of voids X 100

Where w = weight of aggregate to cover 80 sq. in. (in gms.)

Similarly figures in column 8 of Table 10 were calculated
from the equation :

, _ Bulk volume as obtained from Col. or 7= W/g, 199
Bulk volume

It can be seen that the percentage of voids so obtained varies
from 40-50 per cent. It 1s of interest to note that the percentage
volume for a closely packed sphere also is about 47.5 per cent.
Hanson® has assumed that the volume of voids in a single
stone layer is about 50 per cent. However, it should be remembered
that computations based on void volume measurements are liable
to be erratic.

In the one stone layer, it was found that the volume of the
surface ares void pattern was gimilar in both the top and bottom
of the experimental blocks. So, it can be assumed that half of
this void volume is below the centre line of the aggregates. The
bottom portion will be filled by the rising bitumen, whereas the
top voids should be filled by the smaller size aggregates.
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Taking the figures from Table 12, it is seen that 5 cu. ft. of
1in. — §in. size aggregates are required for one stone layer;
25 per cent of this volume is due to the top voids and it has to be
filled by the smaller size aggregates. This means that 1.25 cu. ft.
of volume should be filled by aggregate of the next lower size
namely the } in. — } in. aggregate. Now, on the assumption that
10 cu. ft. of aggregate (of any size) when laid shoulder to shoulder
in a single layer will have only 5 cu. ft. of solid volume, the
quantity of aggregate required to fill up the 1.25 cu. ft. volume
of voids in the first stone layer amounts to 2.5 cu. ft.

This assumption may not be valid since, when the 1.25 cu.
ft. is filled by the aggregates, the aggregates touching one another
will not be of the same size. However, the quantities of the
aggregates of the next lower size required to fill the top voids of
the first stone layer (based on volume) for the various sizes and

for various quantities (obtained from Table 12) are worked out in
Table 11.

From Table 11 it can be seen that the quantity of aggregates
of the next lower size required to fill up the voids of the first stone
layer, as obtained by the volumetric method, is more or less
similar to that obtained by the surface area method. Yet the
quantity obtained by the volume basis cannot be relied upon
completely because of the assumptions involved. Also, the volume
of voids in a one stone layer will not be the same, after com-
paction by roller, as it was at the time of laying. But the sur-
face area of the voids is likely to be more or less the same.
Further, since surface dressing is essentially a single layer cons-
truction, computation of the quantities of the aggregates based

on surface area is better suited than that based on the volume of
voids.

3.7. 1t may be argued that the quantities given in Table 12
may be too rigorous to adopt, since the sizes specified are of
single size. But when the figures are compared with the tole-
rances that have been suggested for single sized stones by the
British Standard! and those that are being proposed to be
adopted by the T.R.C.?, itis seen that the specifications given
in Table 12 are workable. According to the recommendations for
the specifications of the single size, it is proposed that not more
than 15 per cent by weight of the aggregate should belong
to the next bigger size and that not more than 7 per cent
by weight should belong to the undersize. This means that about

78 per cent of the aggregates should fall within a specified sieve
range.

In order to lay & single coat as per specification im Table 12
it is seen that about 337-380 b per 100 sq. ft. of } in. to } in. size

Photo 1. Apggregates embedded
in bituminous matrix

Photo 2. Voids left after the
removal of aggregates



Photo 3,

Laid with 1.5 cu. ft. per 100 sq, ft.
of aggregate of a size
passing } in. and retained
on  in, sieve

g

Photo 5,

Laid with 3.75 cu. ft. per 100 sq. ft.
of aggregate passing # in, and
retained on § in, sieve followed
by L5 cu. ft. per 100 sq. ft.
of aggregate of a size passing
§ in. and retained on g in. sieve

Photo 4,

Laid with 3.75 cu, ft, of
aggregate per 100 sq. ft. of a size
passing 2 in. and retained
on'} in, sieve

AGGREGATES ¥YOR SURFACE DRESSINGS 39

aggregates are required together with 124-156 1b of } in.-3/8 in.
size aggregates. According to the requirements of the single size
stone proposed by the I.R.C.? and specified by the B.S8.8.1,
it is noted that out of 100 1b of the § in.-} in. aggregates about
15 1b would be of size 1 in.-} in., 65 lb of size § in.-} in. and 13 1b
of 3 in.-3/8 in. Similarly, out of 100 Ib of the } in.-3/8 in. aggre-
gates about 15 1b would be of size § in.-} in., 55 1b of gize % in.-
3/8 in. and 23 1b of 3/8 in.-} in. If the very small sizes and fines
are neglected, 400 1b of the bigger size stones would yield about
60 1b of 1 in.-} in. aggregates, 270 1b of § in.-} in. and 521b of
% in.-3/8 in. size., Also 150 1b of the smaller size stone would
yield about 22.5 1b of § in.-} in. aggregate, 82.5 Ib of } in.-3/8 in.
Since the fines are injurious in as much as they act as blotters
and since the presence of a few bigger size aggregates would
only slightly lower the covering capacity of the aggregate, based
on the tolerance limitations, 400 1b of the bigger size and 150 1b
of the next smaller size would yield 352.5 1b of aggregates retained
on } in. and 134.5 1b of aggregates 3 in.-3/8 in. These are well
within the limits specified for B in Table 12. Similarly for the
other sizes also the quantities required could be so proportioned
80 as to fall within the recommendations given.

3.8. It may be thought that the cost of construction of- the
single coat surface dressing would increase because of the following
reasons:

(a) Aggfegates have to be sieved to yield the two different
sizes. '

(b) Aggregates have to be spread in two layers.
(¢) Rolling has to be done in two stages.

From a purely academic point of view it is seen that there should
not be much of a difference in the costs, for, if the aggregates are
supplied to satisfy the tolerance limits set forth there would not
be need for any sieving. Secondly, there is no substantial increase
in the quantities of aggregates required, for, whereas the present
practice for single coat surface dressing stipulated 5.5 cu. ft. to
6 cu, ft. of standard # in. (passing § in. and retained on 3/8 in.)
size aggregate, the recommendation given in this Paper suggests a
total quantity of about 5.25 cu. ft. to 6 cu. ft. of aggregates. So
the cost involved in spreading the aggregates also cannot be very-
appreciably different. Further, if according to the present prac-
tice the number of passages of the roller is about & dozen times,
according to the procedure recommended, the roller will have to
pass twice on the first layer of aggregates and about 10 times after

the second layer of aggregates is spread. So the total cost invol-
ved should more or less be the same. However, arough estimate
of the cost involved shows that by laying the aggregates in two

6
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layers and by adopting a two stage rolling operation the extra cost
involved is about as. 12 per 100 sq. ft., Appendix 1. Con-
sidering the fact that a well knit surface is obtained, this extra
cost is indeed negligible.

3.9. The various quantities and sizes given in Table 12 are
essentially for the single coat surface dressing. For exmaple, for
a single coat surface dressing using 1in.-}in. and }in.-3/8 in.
aggregate, it 1s suggested that after spraying of sufficient binder,
about 337-380 Ib of } in.-} in. aggregate should be spread evenly
and lightly rolled once to embed the aggregates. Immediately
about 124-156 1b of § in.-3/8 in. aggregates should be spread
evenly, brushed lightly and then rolled completely. If a second
coat of surface dressing is to be given over this, the second coat
of binder should be sprayed and then aggregates of } in.-3/8 in.
followed by 3/8 in.-1 in. or aggregates of 3/8 in.-1 in. followed by
1 in.-1/8 in. used. Similarly, various sizes could be chosen depen-
ding on the size of the stones for the first coat,

4. CONCLUSIONS

(1) It is suggested that a well knit single coat surfaco dres-
sing can be obtained by laying a uniform size single stone layer
to be followed by a smaller size aggregate to fill in the top voids in

the surface and to give additional wedge support to the first stone
course,

(2) It is suggested that specifications for the quantities of

aggregates to be employed in surface dressings should he expressed
in terms of weight rather than by volume.

stone layer is about 40 per cent of the overall ¢
relative sizes and quantities required for
coat surface dressing can be worked out.

overed area, the
a single coat and a two
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Quantity in | By den- | Quantity

No. | Size of aggregatey cu. ft. per sity in lb. | jn 1, p
o er

B T R BT T
S [T I Fr .
LRI g o m
DTN g3 omp
LR 8 m we

» _71;00 sq.ft. per cu. ft. [ 100 sq. f4,

TasLy 2

Percenta ge (by numbe

r) of the si :
aggregates. Aggrogato op. ) € 81ze of voids in the

€—passing 1 ig, - Tetained 3/4 i

Rate of 3pread of aggregates ip

Size of voids cu. ft. per 100 8q. ft.
3.0 cu. ft, | 3.5 [P v
3.5 cu. ft, ! 4.0 cu. fg, 4.5 cu, ft,
1 in-14 in. W
1} in.-1 in, 12,9 13'0 _ -
I'in.—3 in, 27.4 27.5 1;:‘ -
$in-Yin. 46.7 3 . o
‘ ‘ 46,7 14.5 ;
§in.-§ in. 8.0 8.0 . 0
$ in.-} in, — 0 4
- 13.0
1.8
S ————
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TABLE 3

Percentage (by number) of the size of voids in the
aggregates. Aggregate size - passing 3/4 in.-retained 1/2 in.

———

Rate of spread of aggregates in
cu. ft. per 100 sq. ft.

No. | Size of voids

3.0 cu. f6. | 3.5 cu. ft. I’ 4.0 cu. ft. | 4.5 cu. ft.

1 lin -§in 1.5 0.9 1.2 0.6

2 3in. -%in, 29.3 18.4 20.4 28.4

3 Yin - 3in. 40.8 50.0 54.5 50.3

4 {in -] in. 22.2 30.7 23.9 20.7

5  Jin -/ in. 6.2 —_— —_ —
TaBLE 4

Percentage (by number) of the size of voids in the
aggregates. Aggregate size-passing 1/2 in. - retained 3/8 in.

Rate of spread of aggregates in
cu. ft. per 100 sq. ft.
No. | Size of voids

9.5 cu. . | 3.0 cu. ft. [ 3.5 cu. ft. | 4.0 cu. ft.

x [3
I %in -1in 10.2 2.7 1.3 2.9
2 }in. -3in. 26.5 20.0 15.9 17.4
3 $in. -} in. 51.8 66.6 69.1 67.7
¢ }in. - A in. 11.5 10.7 13.7 12.0

TABLE b5

Percentage (by number) of the size of voids in the
9ggregates. Aggregate size - passing 3/8 in.-retained 1/4 in.

.,

Rate of spread of aggregates in
No. | Size of voids | cu. ft. per 100 sq. ft.

“ 2(; cu. ft. 2.57<>3u. ft. [3.0 cu. ft. '3’5 cu. ft.
U yin<iin 22 12 9.5 21.0
2 fin -lin 37.5 60.3 57.8 71.0
3 fin-in. 603 32.5 32.7 8.0
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TABLE 10
L O
Volume of voids (obtained and as calculated) in one g e < @m0 A
N
@
stone layer packed shoulder to shoulder <0 204'?’
g S i
mVO‘(‘;S as ob- Voids 4 k= 3 . w o 9
ined with wax{ calculated o E.RE ! o 4 7T 2
Aggregate |Wt. taken| .3 ° T o= ° d 5 5 o NS @ =
No. Size vol. per for > o 3 £ [ é g &= I
100 sq. ft. | 80 sq. ft. - £ 5 2% 8 N
“5 g v ﬁ dg.) g Gt 1 3
—~ o = 2 ux o T gL b ot
S ®c | M 33 = o
> A j & @ g | Ho 8 5
. . - 1) 2 = S 2 < =
1 ilin.—gin. | 485cu. f6. | 1175 gms.| 405 ce. | 47.6 |763.1 co| 41.6 g o &z 2%
. i [ i} = '5' =y
2 | fin.—%in. | 3.94 cu. ft. | 960 gms. | 305 ce. | 45.6 619.9 cc.! 41.3 @ a
. . : o o ¥ X
3 |3in. —gin | 251 cu. ft, | 590 gms.) 237 cc. | 51.4 [395.0 co. 434 E‘) 3 § E § & S El S]r .
. . o = “‘" |
4 Bin. —}in. | 205 cu. ft. | 472gms.| 191 ce. | 51.6 [392.5 co.! 445 ° 3 & 58 8 & § "
s 2 Al ~
L)
. . h w 0 ‘ 3 y
(Specific gravity of stone =2.64) e gﬁ N g g .8 5
) += o et ;
3w “ o TN lt,n
<} 3 g E= g 8 g
E oo B & o R
v o
TaBLE S B> 2§
LE 11 B o Pgo | o & £ &
] et e N [ G\i
Quantity of aggregates for the second layer “ 9 E 5:‘7 i E s &
- 53 B = NS
based on volume of voids s E Saee LI
¢ o U
N =
o ' +
o ' Quantity in @ 3 g5 8’3‘“
No Size for the Qua;nftnty n Size of cu. ft. per b= 5 gﬁd'a 3 g & 2
* | first layer (1’30 b. Pf‘fcr aggregates for | 100 sq. ft. =1 8 R
! 8q. 1t. | second layer the quantity 3 <3528
I~ | incolumn3} & o -
SunsEdh i = o Qo © ©
. . o @ _o W H 0 & o0
1 Llin—%in 42560  fin. —}in,  2.12.95 g Elegs= | 1293 5
. . = e L 5 8 2
2 2in. — % in. 3.75-4.25 1in, — 2 in 1.87-2.12 o & & e m
. .87-2, -
Q
i — 33 . . b « . . -
3 bin.—gin. 220274 3in —pip 1.10-1.37 3 8 g &5 8 &g
1 b E e e
4 2in. —}in.  2.00-2.32 in ; 2 T 8 8 o
. . . —3%in. — )
% 3in 1.0-1.16 @ g g8 &5 &8 &£
53’ - Ok Y oo
zo G G R

80 1.34

107

} in.-1in.
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Appendix 1
Difference in Costs (Rough Estimate).

i Assuming that the same quantity of binder anq aggregates
(say 5.25 eu. ft. per 100 sq. ft.) is adopted for both the cases, the
extra cost for the two stage construction will be due to

(a) Sieving of the aggregates.
{b) Extra rolling.

(c) Extra cost for the material of different sizes.

the quantity of aggregates is the Same, extra cost for
spreading will be negligible.

(i) Assuming that two coolies (at Rs 1-12

per coolie per
8 hour day) take one hour to sieve this quantity,
2x1.75

cost for sieving will be T80 =0.44 rupees,

(ii) Cost of extra, rolling, hire charges of roller

1. 1.1 1
would cost 60X§ xgX 3 % 5=0.24 rupees.

iii Assuming the cost of 1in, gayge and 2 in, g,

(i metal are Rg 33 and Rg g e Bauge
and on the bagijg that in
metal is § in, gauge and the other 5.25 cu
and 1.5 cu. ft. of g in., the ex
33x15 34x3 33x5.95
T00xd 500 —~\~100 =0.02 rupees

. £t. of éin.
tra cost would be

per 100 sq. ft,
=044 { 0,94 + 0.02

=Rs 0.70 per 109 8q. ft,
=8ay 12 annas per 100 8q. ft.

——

So the total increase in cost

) .
t !;“
P g
N\,

“SOME LABORATORY INVESTIGATIONS IfOR

IMPROVING BLACK COTTON SOIL
CONSTRUCTION

By

‘ii
S. R. Meura & L. R, Cnv’»{sl);
LY

INTRODUGTION -

(43 1“‘.'
Black cotton soil commonly ‘knownlias P M in
large tracts of India. This soil usua yp

colloidal
exchange capacity and contains a large pe'r(f: tjg:nd(l) expansive
clay particles which gives it excessive Shrm-t gto extremely low
pro grties and reduces its load bearing capacity roperties make
fi uIr)es in the presence of moisture. Thes?’ lpit}I:er for use as
blga,ck cotton soil a most unsuitable mﬂ't(e)l;‘ltaing the same as a
such for engineering structures or for .suppd is confined to the
base, a subgrade or a foundation. Thlsfsturg;ds
Possi,ble use of such soils as base course for .

. i een
For purposes o roud construction, black coton sl s boen
held unsgitable on account of exhibiting aﬁn?;et condition. Its
the dry state and excessive softening i b : high, and ranges
apst, s iyl v b s s
- r sq. 1nch. it 1 able to
iﬁﬂ?&(}r i%%olrbptli)i?m gf water becomes so soft }ih&;ihlig lisll)lal.lvemen t
Jupport even light traffic, unless an eXtremetywith the absorp-
I8 provided. It also swells up u.nder Pa'v.enll.?;l’ to exert a great
bion of water through capillarity and o lt;heypavement. But,
Upward pressure, resulting in damage to son the soil shrinks
apen the water evaporg(;ies xl'gckts};l 2V(}ill';gh8($;;en extend to co?i-
ide ¢ :
gmﬁ?ﬁgﬁﬁndl{ﬁ? ;ygica,l behaviour of 1111123{ gfi'g:;i sc(:)llll ;;le'uzl-.
different climatic conditions make the Pr? > vory oxponsive,
tion in such areas not only difficult but als

OBJECT OF THE STUDY

i R Research Laboratory,
made in the B & ptory
Karrﬁgtzﬁllf?:dhzzz I:;ﬁ?anmost economical Itn?ﬁ:;(i)gn (1)){1 ri::sl;ls .Lz g
lack cotton as a base course for road constr
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The obvious method of stabilizin i
add the reqqisitg quantity of sand to i%,sgfhi;;f(‘)lvgv%“ld }g’. to
But the availability of sand within economic dis‘oanl P
pplyerlz?.tlon of thg hard soil at a reasonable rate ace and .the
dnffxcultl‘es. Experiments were, therefore, undertak - fractlca.l
alternative methods making use of admixtures likelirenn ° Jtudy
- gypsum ete., f.or st’abilizing black cotton soil. Result:’ %‘i;m.ent,
are presented in this note. Physical characteristics £ o a,mgd
selected for the study are given in Table 1 of eight soils

TasLe 1

Physical characteristics of black cotton soils

selected for the study

| - =
S 9w 45 .- _g,ﬁ ’ Exchangeable ! N
iz B ,s_aga £E8 23| & | Bases eEE % g
— =0y A “a
w0 ‘,_qﬂ & wg 422 &‘(Na&K Ca s"gg‘i gz
M =2 | me | me. G887 &
1 60.5 301 92 017 942 20 355 4140 3690
2 657 350 106 011 960 28 345 39.80  40.30
3688 385 96 047 920 Nil 346 3820 4260
4 88.61 54.26 4.9 0.28 8.75 19.38 27.10
5 66.21 34.2 135 0.23 850 12.55 35.45 48.88 52.0
6 80.87 42.41 590 0.22 850 27.60 20.40 4730 45.80
7 97227 33.99 500 0.16 840 850 58.60 60.54 43.7
. K; 76
8 88.23 5240 2.20 2.39 8.15 27.94

2145 4994 5572

EFFECT OF LIME

For high density the com i

' ] paction
qptnmum moisture. The effect of incregf%iS
lime on the optimum moisture of a)] t
studied and the results obtained are

oils is best done af
ng concentrations of

k he soils
given in Table g "' Was
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TABLE 2

Effect of increasing concentrations of hydrated lime on

the optimum moisture of black cotton soils

| Opitimum moisture with increasing percentage of lime

Soil ™ + l + FLO -65 + + e
No. [ wi o8 mg‘oolog of | 2§
@ N° mo e 50 o | o0 )
5 P [T Py Ty [Ny | Sy
4 & 2 g & &L &L &
1 16.0 160 16.5 165 17.0 18.0 19.0 20.0
2 17.0 17.0 17.0 175 180 185 19.5 20.5
3 16.0 16.0 16.0 16.0 17.0 180 19.0 19.5
4 17.0 180 190 20.0 21.0 220 230 240
b 16.0 163 165 168 17.0 170 170 17.0
6 21.0 21.0 21.0 21.0 210 220 230 240
7 19.0 202 21.0 220 230 236 243 250
8 20.0 20.2 20.4 20.7 21.0 22.8 244 26.0

As the optimum moisture rises with increase in percentage
of lime it is necessary that for construction purposes, optimum
moisture should be determined after addition of lime.

The effect of adding lime in increasing councentration on the
following physical characteristics of resultant lime-soil mass was
studied. -

Volumetric shrinkage

9. Resistance to penetration
(i) Immediately on addition of lime
(ii) After allowing it to set

3. Moisture absorption

4, Compressive strength
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Volumetric shrinkage

) Some of the soils mentioned in Table 1 w i
increasing percentage of hydrated lime at the %ﬁtf&?gaﬁg?s&lth
The volume of compacted blocks was determined at the tim ref.
compaction and after curing for seven days in humid air ‘w?'t?h
subsequent drying at 50°C to constant weight. Results obtai 1 d
are given in Table 3 and reproduced in Fig. 1. . e

It will appear from Table 3 that the i
/ : T shrink
ted soil appreciably decreases with the additigrllnofa%iem(:af compac

Resistance to penetration

Resistance to penetration of lime-soil co
: ¢ - mpacted bl
deteyrpmed with Proctor’s needle both (i) imn?edi:tely (;.cfl;:erﬁs
addition of lime, and (ii) after allowing it to set. °

(i) Under the first condition, the resi

_ X s > resistance to i
wia.s dete_rmmed not only with increasing percentage o%eﬁzj;atliorfil
also at different moistures of compaction. Results obtai d .
given in Table 4 and reproduced in Fig. 2. et are

RES\STANCE

Ltufsy 1n

PENETRATION
3
H

0 L oAy i

48 e

Yo TCISTYRE
OF compPacT,
on
—

Fig. 2. Effect of lime on the
Penetration resi
black cotton sof) stance of
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TABLE 4
Penetration Resistance (1b per sq. in.) of compacted
lime-soil mass at different moisture content
(Needle area 1/20 sq. inch)

O Y+

ot | E E E E
S =

:::s&""' = o 3 2 -0 2 o & 9 o5
g4 =9 5 > © g O 8 > © g = © 8
O'QSG —_ N 0 g == = Fide}
s887| ® & 2|8 TR
& 8 !

6.0 2000 b (Proctor’s needle cannot measure above 2000 Ib)

8.0 17201b 2000 1b Above Above Above

20001b  20001b 2000 Ib
10.0 1260 1540 1640 1680 1680
12.0 800 1320 1500 1680 1680
14.0 700 1000 1300 1400 1560
16.0 460 840 920 1100 1200
18.0 340 720 800 1000 1000
20.0 160 440 640 680 880
22.0 Too soft 240 520 440 520
24.0 ’ 80 260 340 400
26.0 Too soft 120 100 140

"

Saturation moisture is about 40 per cent

TABLE b

Absorption and penetration resistance of lime-soil
blocks kept over wet sand for 48 hrs

g Soil No. 2 Soil No. 6 ] Soil No. 8
=
2 o g ( £ 0.8 o« go.‘:
80 ?‘f’g 88"' gog i gg—' go'g .éo"“
£ cE | B8 o 38 RS <2 s 5 o
I~ =" s 8 e © @ g & il
g Q & e ” 38 Ex o & Rl ot
8 ) 2.2 & 83 b= 3 S 0 © .3 &
b B O D o @ a3 a o om am @
‘© O 2 g0 M [ > o) o D =
" Py @ &R Ve [ A FH“&
Blank —  Softened 47.66 Swelling & 43.33 Swelling&

softening softening
5.0 3827 Softened 34.97 440 1b 33.86 400 1bs
" 7.5 31.20 3101bs —_ — — C—

'10.0  29.62 500 32.11 660 25.13 600
15.0 25.47 500 32.18 800 - 2718 680
200 — — 32.67 1020 31.87° 1080

26,0 — — 3290 1180 - 30.75 1160
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TaBLE 6

Penetration resistance of lime-soil blocks kept
ovgr wet sand for a period of one month.
Soil No. 2. P. 1.=35. Sand = 10 per cent

Pelri I;:lint Penetration resistance
Ib per sq. in.
1.(,”; 500
o~ 900
23 1400
2000
25 above 2000

It will appear from Table
e 4 that the aditi i
E;iik cotton soil increases its resistance to penelt;;?io(r)lf alt;m:ie'ﬁto
rent Ir‘::o_ls':ure contents, The appreciable increase in the ene}o -
bion x .51: ance of llme-391l compacted mass, although in%u ra(i
y moisture and density, has been largely increased b;n?;(}ale

presence of lime, es ecially wh
o motature conteE)lts. y en the results are considered at

(ii) Resistance to penetration after allowing lime to set

Lime-soi . .
200 gnxlx;xe sg;xll b;ggk(;s with varying percentages of lime weighin
2o "’I‘hesepbloik:taggglmﬁlm' moisture were taken fmg‘ thg

. r having b

%lka:ced overi dsa,nd filled in small mo&ldsee}?a,vciglzgedpic;lf‘oa;::;egk baso,
Wf}fe:n?ﬁu. s containing soil blocks were kept over o e
ith sufficient water floating in a tray and then a.bsov:;f;i(f:nd
as

well as resistance to penetrati :
10 >
Results obtained are give;l in le.lﬁzt}g Froctor’s needle studied.

It will appear from Table 5
] C that blocks containi
gg 1111113?8 (éf(?{)ne retained enough stability undern;vl:tg > Pg? cent
A 1Jlfca, ed by the resistance to penetration of Proct e oty
part from this, capillary absorption is also reduceg :rﬁtilli?gdle.
ime.

'It has also been observed tha i
of l{ﬁne, prolonged contact of 1i;le(?g(:inlgctoonleZtg(}ilel}])llical action
(\::‘e%ls:arg; mo’ll‘;t'ur'e c%nmdera’bly inereases bhé)ir stren &cks ith
tance of .lime-;?)ills il(?“lr{n oy 'the increase in penetrgt' oven Mo
. ck (Soil No. 2) kept o ation resis-
period of one month. Results are givenpin T‘;irle“(’iet sand for &

In the above experiments, the li :
cured for a period of one weel’c inehltiﬁei}ésoaﬁr bl(:xc:sﬂ? sed were
. other set of

Brack Corron SoiL IN Roap CONSTRUCTION 59

similar experiment was carried out with lime-soil blocks which
have been cured for a period of one month and two months
soparately. Results obtained are given in Tables 7 & 8.

TaBLE 7
Capillary absorption of lime-soil blocks curing period
= 1 month
Soil No l Lime Penetration resistance Absorption in
* per cent 1b per sq. in. 48 hrs. per cent
3 5 200 31.51
10 520 37.57
15 720 35.83
20 1000 41.55
25 1600 39.51
5 5 240 44.33
10 - 600 37.30
15 1200 34.07
20 1520 34.76
25 1600 37.16
TABLE 8
. Lime Penetration resistance Absorption in
Soil No. ‘per cent 1b per sq. in. 48 hrs. per cent
T
3 5 280 31.28
10 1900 32.85
20 2080 28.88

25 Needle did not penetrate. —
Leaves only & mark.

5 5 Block broken.
10 760 29.13

15 Needle penetrated only
to } in. at 105 reading

of proctor needle. 26.98
20 Needle did not penetrate.
» Leaves only & mark. 26.60
25 do. 29.16
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It will appear from Tables 7 :
‘increase in the strength of lime-soj Tooks (hat an
by giving longer period of curin and thi
. sy . t
suitability of lime for improvinir black héztf;a
construction,

EFFECT OF SAND

Use of granular material like sand
possibly. !‘)e. used) has also been tried inn in(gfég:;:m could -a,]so
for stabilizing black cotton soil. Thi § proportions

l s was d

f:.a,r this process compares with lime trea,tmsen(t?ne I%(;f find Opt how

sing percentage of sand on the shrinkage of l;lack ceoctttgrfl ;I:)qfea}.-
il is

given in Table 9 and reproduced in Fig. 3

N

Yo ISWAm K AGE.

—_ B
20 *\\%___,‘,‘

%o 4o s 3 Y0

&

T Sanp

Fig. 3. Lffect of increasing percentage of sand on th
shrinkage of black cotton soil ¢

TaBrLE 9
Sand Percentage ;
percentage; B.C. sofgl Density | VOIunll)Zf;l;l:n:hrinka,ge
SRR R R age
0 100 Lo I
. l R
10 90 1.906 ]? Zg
20 80 1.917 9'03
30 70 1,928 6'41
40 60 1.905 4'18
50 50 1.866 9 40
60 40 1.869 . 996
70 30 1.813 5'91
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Effect of adding sand on moisture abgorption and _softening
characteristics of black cotton soil as indlcg.ted by resistance to
Penetration with Proctor’s ncedle was studied. Results obtained

are given in Table 10.

TasLE 10

Absorption of water by compacted biack cotton soil
blocks mixed with increasing percentage of sand

esenage | poroontoge | Mo Tion  Remarka
soil Per cent
80 20 37.27 Sg:{{l;nogbi :gtining of
70 30 36.91 Complete softening and
less of swelling.
60 40 34.14 Complete softening.
50 50 34.15 do.
40 60 31.34 do.
30 70 27.96 do.

It will appear from Tables 9 and 10 that addition of sand
causes reduction in shrinkage but does not prevent its softening
under worse moisture conditions. These experiments clearly
indicate that addition of large proportion of sand no doubt cuts
down shrinkage and swelling of black cotton soil, but does not
improve its bearing power under worse moisture conditions. On
the other hand addition of lime has a distinct advantage over
sand in this respect.

EFFECT OF LIME 4 SAND

__ With a view to cut down the concentration of lime for stabi-
lizing purpose, its use in combination with increasing percentage
of sand has also been tried. ' :
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Eftect of 2.5 per cent and 5.0 per cent lime mixed with vary- TaBLE 12
ing proportion of sand on (i) shrinkage (ii) water resistance and
(iii) resistance to penetration with Proctor’s needle wags studied. ,
Results obtained are given in Tfmbles 11 and 12. The blocks . Penetrationf .
were cured for a weck before testing. Soil D ot resistance i Absorption
No eseription ° . | Percentage
: Ibpersq.in.|
TABLE 11 |
The effect of limef-sand on shrinkage and water 6 2.5 percentlime-}-20 per cent sand 40 38.34
resistance property of black cotton soil +30 56 35.85
LA b2 LR ) .
- = +40 . . 88 30.72
. 2 22 Dime of ) i 100 30.29
2z Description S S ;&;D‘g; g disintZgom_ ' » +50 ’ ” .
2 R A tion 5 per cent lime 20 » ’ 300 29.48
[¥]
e 2 - ., ., +30 . . 350 30.88
6 2.5 per cent lime-20 per cent sand 5.17 178 3 Minutes . . -+-40 . » 500 26.71
a4 »? +3O » 9 3.81 1.792 4 , ”» I¥] +50 » » 650 21.19
I ”» +40 ) D) 2.40 1.704 20 ” 7 25 per cent lime+ 20 ' ss 48 30.43
” bRl +50 bRl P} 1.38 1_795 34%_ ” n +30 I’y t2 ] 56 33’38
5 per cent lime 420 ” » o 3.0 1.750 9 ' . 440 » » 92 40.49
” ) 210 40.06
”» ” +30 -, » 286 1.766 5 monghs ” ”? 0
, . +40 1.97 1763 5 per cent lime +-20  ,, 106 40.58
. ” . . 5 months +30 ., ., 142 29.47
Py X +' Y} 3y 1-30 1768 9 months +40 ’s ’9 164 3344
7 2.5 per cent lime--20 ’ »  8.41 1754 3 Minut -+50 . » 250 33.89
: utes ”» »

) . 30, 585 1762 4 ¥
) . T 3 e

»o 202 1717

i ables 11 and 12, that the addition of
” ” +o0 i ? 2.1 1.734 3} ”» lime I_T-v;;.lrl;; I;E::rdf)l;s;m s}x‘rinkage besides improving water-res%s-
5 per centlime +20 » 825 1913 tance property and resistance to penetration under worse mois-
430 3 » ture conditions.
» ” ” » o 457 1699 g
” ” 0, 270 1.7 i E-SOIL BLOCKS
" ' 7053 » COMPRESSIVE STRENGTH OF LIME-SO
LR ”» +50 3y 7

i i in. di 1} in. high prepared at
Lime-soil blocks 2.5 in.dia. and :  prepared
optimum mloisture and oured for & week in humid. air with
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subsequent drying were tested for compressive strength, Results
obtained are given in Table 13.
Tasre 13

Compressive strength of lime-soil (black-cotton)
mixture. Soil No. 3

v Compressive strength
eroentago Density CInitial  Final
1b per sq. inch
0 2,230 503 604
5.0 1.807 338 434.5
7.5 1.857 246.0 349.0
10.0 1.738 202.0 233.0
15.0 1.630 207.0 251.0
20.0 1.590 157.0 224.0
25.0 1.530 269.0 380.8

EFFECT OF CEMENT

Effect of increasing quantities of cement on the shrinkage of
different black cotton soils was tried and results obtained are
given in Table 14 and reproduced in Fig. 4.

It will appear from Table 14 that addition of cement has

more or less the same effect as lime in reducing shrinkage of
lime.

In order to explore the possibility of usin
cement-soil roads in black cotton soil areas, thegra?:f?&nntcefgﬁ
cement-soil blocks compacted at optimum moisture to wotting

and drying cycles was also studied, Result : A
in Table 15, s obtained are given

Bracg Corr

ot mo 8

Sotte NOTY

sorn. No §

SotL. o Y

3o.

/
/
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2
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©
Ll
3

///
- . . .
>3 = o = wm ° N

CIYYANIIHS o

15 30

1s 2P
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l.S 2e 285 30

(2]
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Fig. 4. Effect of cement on the volumetric shrinkage of
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black cotton so ils
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It will appear from Table 15 that a fairly high percentage of
cement is needed to improve the weather resisting quality of
black cotton soil. Besides high cost, even the uniform mixing of
cement with black cotton soil under field conditions may not
prove to be an economic possibility.

EFFECT OF LIME + CEMENT

Since the addition of lime makes the black cotton soil friable
and reduces its plasticity, it was thought advisable to try varying

concentration of cement and lime mixed together.

Eftect of

varying concentrations of lime +- cement on the shrinkage and
compressive strength was studied. Results obtained are given

in Table 16.

TaBLE 16

Effect of lime - cement on the characteristics
of black cotton soil

Compressive strength

Lime Cement . i —
per cent | per cent Density ng;n;ﬁe Initial Final
crack Ib | crack lb
- - per 8q. in.| per sq. in.
0 0 2.23 27.76 503 604
5 5 1.756 8.10 940.80 1093.10
5 7.5 1.713 7.75 1388.8 1469.40
5 10.0 1.716 7.36 1394.2 1478'0
5 15.0 1.733 5.53 1581.0 1733l70
5 20.0 1.703 4.10 2150.0 2150:00
0 0 2.23 27.76 503 604
7.5 5.0 1.776 8.81 1120.0 1394.20
.5 75 1.732 6.91 11200 1388.0
75 100 1717 6.50 985.6 1097.6
7.5 150 1712 514 13949 1612.8
75 200  1.702 3.51 _ _
0 0 2.23 27.76 503.0 604.0
10 5 1.56 6.79 627.0 716.8
10 7.5 1.69 6.27 896.0 940.8
10 10.0 1.57 5.76 806.0 1061‘7
10 150 1.60 4.34 985.6 1276.9
10 200 157 3.26 716.8 1954.4

It will appear from Table 16, that the addit -
¢ement in combination does not show markeéollegéclém:na&%

TaBLE 17

Loss in weight of lime - cement-soil (black cotton) mixture through a

process of wetting and drying (1Z cycles)
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shrinkage compared to when each of the admixture is used sepa-
rately. The main advantage of using lime 4-cement together is
that the presence of cement considerably improves its compres-
sive strength. Presence of lime, however, will ensure easy and
uniform mixing with cement.

Resistance of (lime 4 cement-soil} compacted blocks to the
effect of wetting and drying cycles was also studied. Results
obtained are given in Table 17.

It will appear from Table 17 that 15-20 per cent cement -
10 — 7.5 per cent lime are needed to improve the weather resistance
quality of black cotton soil. TUse of such high concentration of
admixtures may prove to be uneconomical in practice.

EFFECT OF LIME 4 PLASTER OF PARIS AND
CEMENT + PLASTER OF PARIS

With an object to cut down shrinkage of black cotton soil
drastically, addition of lime - plaster of paris (burnt gypsum)
and cement -+ plaster of paris has also been tried. Results
obtained are given in Tables 18 and 19,

TABLE 18

Effect of lime 4 plaster of Paris on the
characteristics of black cotton soil

Soil No. 2
Percentage Percentage P & :

1 g plaster Density t;rc_exi{ age |  Time of .

ime of Paris shrinkage | disintegration

0 0 — 29.12 —

2.5 1.0 1.96 18.01 2 minutes

do. 2.5 1.96 17.34 4

do. 5.0 1.86 10.76 ¢

5.0 1.0 1.80 10.20 4

do. 2.5 1.77 7.69 6

do. 5.0 1.70 6.74 7 7

7.5 1.0 1.73 7.07 35

do. 2.5 1.68 429 4

do. 5.0 1.67 1.70 84

percentage loss

(.after 5 hrs,
im i

10.0 1.0 1.70 6.78 47'333"“;/0“)

do. 2.5 1.67 4.35 500 o

do. 5.0 1.62 129 7108 9
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TaBLE 19

Effect of cement + plaster of Paris on the
shrinkage of black cotton soil

Soil No. 2
Pi‘;ﬁgfﬁ'ge plal’;iz(;egft ai)ga?ris Density | Percentage shrinkage

0 — 29.12

5.0 1.0 1.89 11.44
do. 2.5 1.89 8.31
do. 5.0 1.85 5.31
7.5 1.0 1.91 8.87
do. 2.5 1.87 6.76
do. 5.0 1.86 5.15
10.0 1.0 1.88 5.61
do. 2.5 1.88 5.57
do. 5,0 1.88 4.67
15.0 1.0 1.86 4.79
do. 2.5 1.86 4.77
do. 5.0 1.86 4,11

It will appear from Tables 18 and 19 that addition of plaster
of Paris in combination with lime or cement appreciably cuts
down shrinkage.

But before recommending the use of gypsum mixed with
lime or cement for stabilizing black cotton soil, its resistance to
weathering cycles and compressive strength should be taken
into account.

CONCLUSION

It has been shown in the above study that use of admixtures
such as lime, cement and gypsum etc., in small concentrations
can be tried for improving physical characteristics of black
cotton soil. Among all these admixtures, use of hydrated lime

9
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appears to give quite encouraging results. Use of 10 per cent lime
which can be further reduced if there is any possibility of econoi
mically bringing sand and mixing with the soil before treatment
can be recommended for stabilizing black cotton soil in the base.
The base thus treated will considerably help in reducing the
pavement thickness in black cotton soil areas, besides improving
the service value of road constructed over a lime stabilized
base.
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1. SCOPE OF THE INVESTIGATION

This investigation attempts to study the engineering
properties of the local (Kharagpur) lateritic soil. It is a low-
level lateritic soil which has got a fairly good distribution all
over the Midnapur district. Various special methods have been
suggested in dealing with laterite soils. The purpose of this
investigation is to verify the applicability of these methods to
the Kharagpur soil.

The local soil contains a high percentage of fines. In order
to bring down the percentage of fines to the desired value addi-
tion of locally available cheap materials like river sand (from
Kosai River, Midnapur) and top soil (Kharagpur) has been tried
and their influence on the engineering properties of the resulting
soil-mixture studied in the laboratory.

Another object of the investigation is to study the suscepti-
bility of the local s0il to stabilisation and to throw some light on
the relative efficiency of various admixtures. (Portland cement,
CaCl,, Shelmac R.C. 3 etc.).

* Indian Institute of Technology, Kharagpur.
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Map showing the
distribution of laterite &
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An attempt has also been made to assess the utility value of
the local soil for road construction as surface and base courses.

2. SOIL COMBINATIONS

Though slight variations oeccur from place to place, in
general, there are two distinct types of soils in the locality which
are normally available within reasonable depth. They are :

(1)
(ii)

(iil)

A top soil usually available within 2 ft to 3 ft of the

surface;

A coarser soil called the lateritic soil under the above
layer.

In addition, local river sand available within a lead
of 5-6 mile has also been used in this investigation
(Kosai River, Midnapore). The particle size distri-
bution of each of the above soils has been been given
in Fig. 2. Various proportions of the local sand and
top soil have been added to the lateritic goil in an
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attempt to study whether any improvement could be

gﬂecte_d on the engineering properties of the result-
ing soil mixtures.

The soil samples were collected from pits within the
Institute premises (5ft X 5ft size and about 8 ft deep). The
samples were pulverised, care being taken not to crush the indi-
vidual particles and then allowedto dry at the room tempa-

rature. The field moisture contents of the samples were also
determined.

1t was decided to utilise both these (sand and top soil) for
stabilising lateritic soil. 1In addition, various percentages of
cement, calcium chloride and Bitumen (Shelmac RC,) were also
employed as stabilisers in this investigation.

3. TESTS CARRIED OUT

Various tests were carried out to determine the engineering
properties of the soil and soil mixtures. The behaviour of soil
cement mixture was studied in greater detail in view of the
availability of Portland cement and its known behaviour and

properties. Similarly sand-soil mixtures were also studied in
some detail.

The tests conducted include :
(1) Grading and particle distribution.
(2) Atterberg limits,
(3) Specific gravity.
(4) Compaction characteristics.

(5) Unconfined compressive strength of specimens having

a depth: diameter ratio of 2 (8in. X 4 in, dia.
specimens).

(6) California bearing ratio test and
(7) Direct shear test.

A brief description of the tests together with the results
obtained and inferences drawn is given below : =

(1) Grading and particle size distribution

Tests on grading and mechanical analysis were carried out

on the representative samples of soils collected and the results are
shown in Fig. 2.
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Previous investigations have emphasised the necessity for
wet sieving in the case of lateritic soil in order to get a correct
idea of the grain size distribution. The nodules contain good
amount of fines which can be separated only by wet sieving. The
two Sieve Analysis curves, onc for wet sieving and the other
for dry sieving, have been shown in Fig. 2-A for a comparative
1dea.

The particle size Analysis (hydrometer analysis) was carried
out for the lateritic soil after dispersion of the soil suspension
with hydrogen peroxide. The test was also conducted without
any deflocculating agent to study the effectiveness of the H,0, as
a deflocculating agent. The two curves have been shown in
Fig. 2-B. It can be seen that for correct idea of the particle size
distribution, full deflocculation has to be effected by the use of
some suitable agents. The ineffectiveness of the usual defloccu-
lating agents in the case of lateritic soils has heen repeatedly
emphasised by various writers !, 2.

The particle size distribution curves, Fig. 2, show that:

(1) The top soil has about 70 per cent of it lying between
1 mm. and 0.1 mm. and about 6-7 per cent of clay.

(2) The lateritic soil is fairly well graded and has only
10 per cent of it lying between 1 mm. and 0.1 mm,
The clay content is about 12 per cent.

(3) The river sand is poorly graded and has about 90 per-
cent of it between 0.1 and 1.0 mm.

Cla Silt Fine Coarse G 1
Y 1 002— |sand .02|sand 02| brave

Type of Soil |.002 mntl 02mm | -2mm | -2 mm | 2 MM
per cen per centi| per cent | per cent per cent
Lateritic soil 11.0 18.5 20.0 11.5 39
Top soil 6.0 5.5 22.0 55.5 11.0
Sand — — 8.0 89.0 3.0

With a view to assess the suitability of the individual soils
for stabilisation purposes, the limits of the grading curves for
soils best suited for stabilisation as recommended by Hogen-
togler and by the Public Roads Administration Classification
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have been reproduced in Figs. 20 and 21, The grading curves of
the soil and soil mixtures have been plotted in the same graph
for comparative study.

The figures indicate that the lateritic soil contains a high
percentage of fines and in order to bring down this, addition of
ahout 30 per cent sand is required acccording to the P. R. A.
curves. The limiting curves by Hogentogler indicate that addi-
tion of 50 per cent sand is necessary to keep the soil curve within
the limiting values. Since Hogentogler's curves essentially deal
with the finer fractions of the soil only, addition of 30 per cent
of sand as indicated by the P. R. A. curves may be taken to
give a grading best suited for stabilisation for all practical
purposes. Addition of greater percentages of sand is not
advisable from the point of view of cost.

(2) Atterberg limits

The Atterberg limits of top soil and lateritic soil were found

out using the standard apparatus (on—36 B.S.) and the results
are tabulated below :

. Liquid | Plastic | Placticity [Shrinkage
Soil Type limit ‘[ Jimit index limit
Lateritic (i) L5 (i) 16.45 (i) 35 (i) 9.4
Soil (i) 46.0 (i) 14.19 (ii) 32 (ii) —
Local Top (i) — (i) 10.6 (i) 22
Soil (ii) 33 (ii) 10.8 (i) 22 —

Remillon® has expressed the opinion that the Atterberg
limits of lateritic soils as obtained by the usual procedure are
deceptive because the mixing of particles during the determina-
tion of liquid limit leads, on the one hand, to a breaking up of
fines and, on the other hand, to a slight deflocculation. These
deflocculated fines absorb an additional amount of water. The
limits obtained by experimental results depend on the modifica-

tion the material has undergone in the course of the determina-
tion of the liquid limit.

From the above results the laterite soil may be classified
under A6 according to the P.R.A. Classificatjon,
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(3) Specific gravity

The specific gravities of the solid soil particles of lateritic
soil, top soil and sand have been found and tabulated below :

Tye of Soil Specific Gravity

Lateritic soil 2.70
Top soil 2.56
Sand 2.64

(4) Compaction characteristics

Tests were carried out to determine the maximum dry density
and optimum moisture content for the top soil, lateritic soil and
soil mixtures. These were done according to A.S.T.M. standards
with the Proctor mould using 5% lb hammer and a 12 in. drop.
Figs. 4, 5, 6, 7, & 8 show the compaction curves giving dry
density in 1b per cu. ft. against moisture content percentage for
the two soils and soil mixtures—5 per cent and 10 per cent of top
soil and 5 per cent, 10 per cent, 15 per cent and 20 per cent of sand
and 24 per cent and 5} per cent of CaCl, by dry weight of
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Fig. 4. Effect of remoulding on dry density and moisture content

Soil : Lateritic soil from Kharagpur.
Compaction: Std. Proctor.

lateritic soil were cmployed as ad
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mixtures and their compaction

characteristics studied. Fresh samples were used for each
point on the Proctor curve.
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Fig. 5. Compaction test on top soil (Kharagpur)
N.B.: Soil collected from LLT, college campus

3y l -
{ 24y vo | .
7w Mgl l Sa |shw0
ST . I P . /
130 /{:ﬁ‘ I {
e | \\
[ ] ¥
r | <\\ S sanvo
| NE
a1 L 4 L J I/ + ~
] o san
| [
7] T T
! {
1173 | ]
| |
t | k
) | | 1
. 7 8 14 o v 2 13 1y "
MOULOING MOISTURE CONTENT In PERCEBNT

Fig. 6. Compaction characteristic effect of addition of
| sand to lateritic soil

Soil :

Lateritic soil from Kharagpur

Sand: Kosai river, Midnapur



84

RAMACHANDRAN ON
L . e
3 T
s ;
] r 5o TOP 501t
>
t X
’ 1 \ |
i , u?-/ﬂonsat-
[+
4 | \
o
N
' 3
o
N | R N
4 5 13 I3

MOISTURE CoOmMmPENT iy PERcEMT

Fig. 7. Compaction characteristic effect of addition of top
soil to lateritic soil

128

l ! T
i i
PJ;_;;.:_ﬁl_ ! .
jgp b 2as L ;i 4 S S
S e e e
i ]
? | §<t°/v Cach]

>
= | / . I
n
1 1y ! | \
'} ! |
[ I | ! s
» "ne ‘
d ;
e !

na |

|
-] adys )

0 " n |; [ 13 [
PER-CENT M CISTURA & CorTEMT

Fig. 8. Compaction characteristic effect of addition of Cq(}

to lateritic soil ?

STABILISATION OF LATERITIC SOILS 85

The effect of varying compactive efforts on the dry density
of lateritic soil was also investigated. Fig. 10 gives the moisture
content dry density relationships for various compactive
efforts.

Fig. 9 shows that a straight line relationship exists between
compactive effort and dry density when plotted on a semilog
scale.?
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Fig. 9. Variation of maximum dry density as a function of the

work of compaction

The need for using fresh samples for each point on the
Proctor curve has been emphasised by Remillon®. To study
the effect of remoulding on density of the local lateritic soil, 2
sets of Proctor tests were conducted, one set using the same
sample for all the points on the Proctor curve and the other using
fresh samples each time. Fig. 4 shows the moisture content—
dry density relationships. It may be inferred that the effect of
repeated use of the same sample on density is not considerable
on the local soil.

The following Table gives the optimum Proctor density and
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optimum moisture content for the above two soils and soil
mixtures :

Optimum
Max. dry | moisture
. densit content
Soil type (Ib per 03171. (percentage
f6.) by dry wt.
of soil)
Lateritic soil 121.75 12.00
Top soil 123.00 12.35
Lat. soil + 5 per cent top soil 123.85 14.10
Lat. soil + 10 per cent top soil 124.15 12.75
Lat. soil -+ 5 per cent sand 126.00 11.75
Lat. goil -+ 10 per cent sand 126.40 11.00
Lat. soil 4~ 15 per cent sand 130.60 9.75
Lat. soil -+ 20 per cent sand 131.60 9.0
Lat. soil 4 2% per cent Cacl, 122.00 12.00
Lat. soil - 5 per cent Cacl, 123.00 11.80

The results of the tests show that:

(1) The maximum dry density is increased and the opti-
mum moisture content is decreased with increasing
percentage of admixtures like sand and top soil. (Figs.
b, 6,17, 8).

(2) The optimum moisture contents in general, for the
varying combinations, fall within 9 to 14 per cent,
the lower value for 20 per cent sand and the higher for
5 per cent top soil.

(6) Unconfined compressive strength

In order to study the susceptibility of the lateritic soil to
stabilisation and also the relative, efficiency of various ad-
mixtures used, cylindrical specimens of soil and soil mixtures
were prepared and tested after 7 days of curing. Two specimens
were prepared in each case and one was air dried for 7 days
‘while the other was air dried for one day and moist cured under
wet sand for 6 days before testing for compressive strength.

The specimens were prepared in a split brass mould 4 in. in
diameter and 8 in. high. In each case, the respective optimum
moisture content as obtained from Proctor compaction tests was
used in the preparation of the specimen. The specimens were
prepared in three layers using the same compactive effort per unit

1l
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volume as for Proctor i.e., 12400 f

L., t 1b per cu. ft
appamtug was used as 8 compression machine a,n(i thzhilg"r?l.}:(;
compressive strengths of the cylinders were found out o

'In the case of cement, 12 per ich i
optimum moisture content for la%)eriticcegc{;iloil;vnaete:v:h;(zi}a 1(81 ?le
all the specimens. In the case of Shelmac RC, the &f;l 'd'i 0;
t}_xe admixture was taken into account. Tiwa follow";lx1 lTy b(l)
gives the compressive strength of 4 in. X 8 in. stabili 1 dg ooks
{wet and dry cured): + stabilised blocks

Compressive strongth
n p.as.i, Nature
. ) f
Air cured | Moist cured | f: i
for 7days| for 7 days atlure

Description of admixture

Lateritic soil only (1) 147 C bl
— rum
Lot sot (2) 101.5 Shear d
at. s0il4-5 per cent top soil (1) 163.5 _—
' (2) 148.0 —
Lat. s0il4-10 per cent top soil (1; 151.5 — glli::r
‘ (2) 134.0 — ’
Lat. soil4-5 per cent sand (1) 143.5 —_ d
L (2) 119.0 >
ab. soil4-10 per cent sand (1) 152.5 Crumbled
. — e
2) 172.0 — Swelled
Lat. soil415 per cent sand (1) 215.0 and eracked
. 2) 1715 —
Lat. s0il-{-20 per cent sand ((1)) 173.0 Shesr
' (2) 177.0 —
Lat. s01'1—{—2—§— per cent cement 139.5 Crumbledgt)O ?r“ked
Lat. so.11+5 per cent cement 140.0 23.7 N ehonr
Lat. so§l+7»3_;» per cent cement 231.0 127. 5 Shear
Lat. so*l—{—lO per cent cement 319-0 177‘0 .
Lat. so.11+l5 per cent cement 291 O 139 5 ”
Lat, 80{1—{—2% per cent Shelmac RC, 14.35 . i
Lat. soil4+5 per cent Shelmac RC, 18.30 _ II))llaS:}c
. — astic
Lat. soiil—[—7rc} per cent Shelmac RC, 11.90 cum-SheSf.r
Lat. SO.II—I—].O percent Shelmac RC.; 7 95 _ Flastic
Lat. Soil4-2} per cent CaCl, ‘ 4.00 Brok_e-i tot ”
. nto two
Lat. Soil4-5 per cent Call, 28 7bef019(;33$t ”

tR]
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The results show that:

(1) Cement and sand give very good compressive strengths

which increase with the increase in the percentage of
admixture added.

(2) CaCl, and Shelmac RC, give very poor results.

(3) 10 per cent of top soil and 10 per cent sand gave
almost the same value of unconfined compressive
strength.

(4) The optimum amount of sand is found to be 15 per
cent. Further addition of sand reduced the uncon-
fined compressive strength, Fig. 11.
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S 4AND CONTEMT 1IN PERCENT

Fig. 1l Properties of soil-sand mixtures correlated

(5)

to sand content

Soil: Lateritic soil, Kharagpur
Sand : Kosai river sand (6 miles from Kharagpur)

The optimum cement content is found to be 74 per
cent which gave a value of 231 p.s.i. Higher percen-
tages of cement are not necessary. The British
standard specifications lay down a strength of 250 Ib
per sq. in. as the strength sufficient for stabilisation
of & soil for highway purposes. Therefore 7} per cent of
cement by weight of dry lateritic soil may be con-
sidered sufficient for stabilisation purposes. This
inference is further confirmed by the C.B.R. values
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obtained for 7% per cent cement-soil mixture,
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(6) It may be inferred from ¢t
Fig. 14 that addition of bi
not necessary,

he above results and also
tumen above 5 per cent is

To ascertain the effect of additi .
strength of soil mixtures, a numd}::iogfotfr?;f{‘i‘:lleﬁ on the cohesive
be done before drawing any conclusions. Grg hshear tests should
in Figs. 11, 13 & 14 connecting cement conte P15 s have been shown
and bitumen content to unconfined com Pl‘ess?v:l;g S&nt(;ih content
_ rength.
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(6) California Bearing Ratio Test

C.B.R. Test was conducted on lateritic soil and soil mix-

tures. In preparing the samples C.B.R. optimum moisture
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CEMENT CONTENT IN PERCENT

Fig. 13. Effect of cement content on G.B.R. and
unconfined compressive strength

Soil: Lateritic soil from Kharagpur

content was assumed to be 2 per cent less than the corresponding
Proctor optimum moisture content.

C.B.R. specimens were prepared for varying moisture con-
tents and the C.B.R. values were found before and after 4 days
soaking in water. The results are tabulated below: (Also see

Fig. 15)



92

RAMACHANDRAN ON

L ms| 3P NS H
(]
7

\

VNCONFINED COMP STREMNJTH

N

S S

0 25 50 15 00
PEQCANYAGE OF SHELMAC RCH

Fig. 14. Effect of bitumen content on unconfined
compressive strength

Soil: Lateritic soil fromn Kharagpur

=T

40

\e

-

-

\
3o '%

T

1o —

T~
. LY

. ?\‘ﬁb
° . ve

Py 1 -] k] 10 0" 12 3
PERCENT MOISTURE CONTEMNT

4

e
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Soil: Laterite soil from Kharagpur
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C.B.R. of lateritic soil

Moisture content i C.B.R. before ~ C.B.R. after
or cont soaking soaking
P per cent per cent
14.4 3.7 1.8
9.0 53.3 9.3
19.2 1.70
13.3 7.3 2.3
11.3 17.0 6.0

Values of C.B.R. were found for soil mixtures also and they
have been shown below :

C.B.R. for soil mixtures

Description C.B.R. before soaking
Lateritic soil 4 5 per cent top soil 24.3
do. <+ 10 per cent top soil 20.3
do. -+ 5 per cent sand 207
do. - 10 per cent sand 23.0
do. -4~ 15 per cent sand 26.2
do. -+ 20 per cent sand 30.0

The values of C.B.R. for soil-coment mixtures after 7 days
of moist curing were also found out with a view to correlate
them with the corresponding values of compressive strength of
4 inch x 8 inch soil-cement cylinders, They have been tabula-
ted below:

S C.B.R. after 7 days moist
Description curing
Lateritic soil 4~ 2} per cent cement 37
do. -+ 6 per cent cement 72.4
do. -4 73 per cent cement 165.4
do. - 10 per cent cement 170.0

do. -+ 15 percent cement 176.0




94 RAMACITANDRAN ON

Fig. 16 shows the relation between C.B.R. and unconfined
compressive strength for lateritic soil-cement mixtures. The
graph shows that a linear relation exists between C.B.R. and
unconfined compressive strengths for the soil cement mixtures®.
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Fig. 16. Relation between C.B.R. and unconfined
compressive strength for soil-cement mixtures

(After Mr. D. J. Maclean, Road Research Lab., D.S.IR., U.K))
N.B.—8oil: Xharagpur lateritic soil

. From the graph, it may be inferred that even though the local
soil contains a good percentage of coarser fractions, it behaves

as a sand-clay mixture, (in fact both the curves coincide) when
stabilised with cement,

It has been suggested® that a laboratory value of 120 per
cent of C.B.R. and field value of 80 per cent of C.B.R. would be
sufficient for soil-cement mixtures. Figs. 12 and 13 would
indicate that 5 per cent to 7} per cent of cement is quite sufficient
for good road performance and values above this are uneconomi-
cal and unnecessary, Addition of sand increases the C.B.R.
value in direct proportion to the sand content. The results
coupled with those obtained for unconfined compressive ‘strength
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tests indicate that 15 per cent of sand gives fairly good value for
purposes of highway design.

Figs. 11 and 13 show the ralationship of cement content and
sand content to C.B.R.

It may be seen from Fig, 12 that the lateritic soil without any
admixture will serve as a fair to good subgrade with the usual
compaction. Addition of 10 per cent of top soil and 15 per cent
of sand to this soil increases the C.B.R. value to 20-30 per cent
which falls within the region of ** very good subgrade’’. 7} per-
cent of cement gives a very high value of C.B.R. equal to that of
good crushed rock and crushed gravel bases.

(7) Direct shear test (Controlled strain type)

A limited number of quick-quick tests® were conducted on
loose and stabilised soils and the results are tabulated below :

Description “ in deg‘rees ¢ ’sc;nnib per
Sand loose 29.67 —_
Lat. soil loose 19.70 2.04
Lat. soil stabilised 39.40 11.33
Lat. soil 410 per cent sand 32.30 10.70
Lat. soil+15 per cent sand 42.00 7.10

Specimens were prepared to give the maximum dry density
using the Proctor optimum moisture content. Judging from the
limited number of tests conducted, the addition of sand upto 10
per cent does not seem to have any appreciable effect on the
values of C & ¢. A number of tests will have to be performed
before arriving at any definite conclusion. The triaxial com-
pression test may be preferable to the direct shear test in that, in
the preparation of laboratory specimens as well as testing, field
conditions could be approached better in the case of the former.,

Fig. 17 2shows the stress envelope corresponding to the
effect of a 5} ton wheel load on the road surface. For a satis-
factory strength of the road bed, it is sufficient if the intrinsic
curve of the material does not cut the stress envelope. Based on
this, Remillon? suggests that it is sufficient if the cohesion

12
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is at least equal to 7.1 p.s.i., since the majority of laterites have
angles of friction of at least 40 deg. Therefore, before construc-

ting paved highways on laterites one must make certain that
at least this amount of cohesion is obtained,
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Local soil stabilised as per standard Proctor
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sand considerably increases the angl
deg.) whereas the reduced cohesion v
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gives a value of
Addition of 15 per cent of
es of internal friction (42
alue is just within the pre-

4. UTILISATION OF LATERITES FOR THE CONSTRUCTION
OF UNPAVED ROADS

Remillon® has given typical curves based on his tests

made on sections that during the dry season formed corrugations

and also on sections that during the rainy season either showed

a lack of stability or excessive slipperiness, Fig. 18. The

curve envelopes of materials that give satisfactory performance

have been derived from a number of granulometric analyses and
have also been reported.

In the small size ran

ge these envelopes differ from the
formerly accepted curves

of Talbot*. The medjum coarse
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soils for good performance as surface course
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content must exceed the Talbot value if the road surface is to
retain a good riding quality. It has also been suggested by
Remillon that the clay content should lie between 10 & 25 per
cent. The curves for the local soil and soil mixture (15 per cent
sand) have been inserted to study the utility value of the soil.
Both the curves lie within the proposed limits suggested by
Remillon. But the plasticity indices of satisfactory materials
should lie between 10 and 25 per cent. The local soil does not
satisfy the plasticity condition. Therefore, addition of 15 per

cent of sand is necessary and might bring down the plasticity
index within the required limits,

It is quite likely that o detailed investigation into the
plasticity characteristics of the soil mixtures would throw some
more light on the utility value of the local lateritic soil for
surface courses.

However, it may be safely concluded that the local soil with
15 per cent of river sand offers an ideal soil mixture highly suit-
able for the construction of unpaved roads. The values of C.B.R.,
maximum dry density and unconfined compressive strength for
the above goil mixture also confirm the above view.

~

5. UTILITY OF LOCAL SOIL FOR PAVED HIGHWAYS

The grading limits for stabilisation fixed by the U.S. Public
Roads Administration and the limiting curves proposed by
Hogentogler for good soil mortars have been reproduced in
Figs. 20 and 21. It has also been found that in order to keep the
grading curve of the local soil within the above limits addition
of 30-50 per cent of sand is necessary. Evidently this resulting

mi.i(ture will have a plasticity index far below that of the original
soil.

Froxp Fig. 12, it can be seen that the soil on stabilisation by
compaction only can serve as a good subgrade . Addition of sand

improves the resistance to penetration and also shear strength of
the soil as indicated by the Figure.

Cement stabilisation (5-75 per cent) is also found to give

very good base course comparable to those of crushed gravel and
rock, Fig. 12.

In the light of the values suggested by Remillon?® for ¢ and
C*(40 deg. & 7.1 p.s. i) the local soil with 15 per cent of sand
might prove to be a good material for road base,
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The strength attained by soil-sand mixture by restraint in
the lateral direction should be taken carc of. This is neglected
in the unconfined compressive strength test but is accounted for
in the triaxial test. Hence the need for doing a number of triaxial

tests bgfore assessing the shear strength of the stabilised soil and
its utility for road construction.

6. CONCLUSIONS

It should be stated that the results of this investizati
be affected spn}eWh&t by factors which could not sbéga:\/l'g?uﬁiﬁ
becz‘x,use of limited time. Among those variables are the variation
in fineness of samples and possible variations in shape and com-
position of particles in different samples. With these limitations

the following conclusions may be drawn from the data given in
this note.
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(R) Mechanical properties

(1) As different from other lateritic soils, the nodules are
strong and not porous.

(2) The fine particles are less flocculated. It is difficult to
give exact values of Atterberg limits for reasons already ex-
plained. For two consecutive determinations, the values of
liquid limit gave a difference of 5 per cent.

(3) As per Remillon?, all granulometric curves of
laterites show a discontinuity between 2 and 0.5 mm. showing
that nodules do not form in a continuous manner from the
fines.

The granulometric curve for the local soil shows disconti-
nuity between 1.2 mm. and 0.3 mm., Fig. 2. In addition, the
soil contains about 40 per cent of -200 materials and a good
percentage of fine sand.

(4) Tt is better to use fresh sample for each point on the
Proctor curve while compaction tests are conducted.

(5) Wet sieving is necessary to get a clear idea of particle
size distribution.

(B) Classification

The local soils possess the following characteristics :

Clay Silt Fine sand Coarse sand Gravel
11 18.5 20 11.5 39
per cent per cent  per cent per cent per cent

Liquid limit between 51.5 & 46.0

Plasticity index 32-35

Shrinkage limit 9.4

Specific gravity 2.70 (This high value indicates a high percen-
tage of iron)

The soil may be classified as belonging to A-6 (P. R.A)

(C) Compaction Characteristics

(1) The maximum dry density obtained by Proctor com-
paction only is 121.5 1b per cu. ft.

(2) The addition of admixtures like sand and soil increases
the maximum dry density and decreases the optimum moisture
content with increasing precentage of admixture,



102 RAMACHANDRAN ON

(3) The variation of maximum dry density can be expressed
as & function of work of compaction (straight line relation) when
plotted on a semi-log scale,

(D) Unconfined compressive strength and C.B.R. and shear
tests

(1) The soil itself without any admixtures develop a
strength of 100 p.s.i. and above for Proctor compaction. (124600
b per cu. ft.)

(2) Addition of sand upto 15 per cent increases the uncon-
fined compressive strength; afterwards the unconfined compres-
sive strength decreases. This is due to the fact that the strength
due to the lateral restraint is neglected in the test. Therefore
triaxial shear tests are necessary. ’

(3) Optimum cement percentage is 5-7) per cent as can be
seen from Fig. 12 and also Fig. 13,

(4) Bitumen (Shelmac RC,) content over and above 5 per
cent does not add to the strength and should be avoided,

(6) The C.B.R. increases with sand content and cement
content.

(B) The loose soil has a value of about 19.7 deg. and ¢ = 2
p.s.i.

The stabilised soil has a value of 39 deg. and (' =11.33 p.s. i
Addition of sand reduces cohesive value and increases the angle
of internal friction. From these considerations, 15 per cent of
sand may be considered to be the optimum value (Fig. 17).

(E) Utility for road construction

(1) Figs. 20 and 21 indicate that addition of 30 per cent to
50 per cent of sand is necessary to make the soil suitable for
stabilisation as per Hogentogler and P.R.A. curves.

(2) The local soil with 15 per cent sand is highly suited for
unpaved roads, Fig. 18.

(3) The laberi‘tic soil behaves exactly as a sand clay mixture
ag regards its compressive strength and C.B.R., when mixed
with cement, Fig. 16, irrespective of the coarser fractions it
contains. The straight line relationship also may be noted.®

(4) The soil can be best stabilised by any other soil
containing a high percentage of particles between 1.2 mm and
0.3 mm and a low percentage of clay.
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(8) Soil stabilised with 5-—7} per cent Portland cement
can serve as a very good base course.

In conclusion the results of the experiments indicate that
the local lateritic soil can be well graded by the addition of
materials (like Kosai River sand) having a high percentage of
particles between 1.2 mm and 0.3 mm. The possibility of
stabilising such soil-sand mixtures with economical quantities of
cement deserves proper attention.
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