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Abstract

The sub grade is a layer of natural soil, prepared to receive the layers of pavement.
The thickness of pavement depends upon the properties of sub grade. Sub grade should
be strong enough to take up the stresses imposed due to loads with out shear failure and
excessive deformation. Sub grade soil strength is evaluated in terms of California Bearing
Ratio and is used for design of flexible pavement. It can be performed both in the
laboratory and field. The CBR test is laborious and time consuming, even though use of
CBR as a performance parameter is widely acknowledged. Also it is very difficult to
prepare sample at desired in situ density for laboratory testing. The CBR value depends
on factors like particle fines, plasticity index, maximum dry density and optimum
moisture content. The fine particles have engineering defect and its CBR value is low.
This paper presents the effect of fine particles on CBR value. For the laboratory
investigation, specimens were fabricated at optimum moisture content and maximum dry
density by heavy compaction with varying proportion of sand, silt-clay and fine gravel
mixtures. The samples were soaked in water for four days to simulate highly unfavorable
condition. Correlation coefficient between fine particles and laboratory CBR values are
obtained. Various linear relationships between index properties and CBR of the samples
are investigated using linear regression analysis. Analysis of the experimental data
indicated that there exist a good correlation among the measured value and predicted
value of CBR
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1. Introduction

The performance of pavement depends to a large extent on strength of sub grade material. The sub
grade is the in-situ material on which pavement layers are placed. The sub grade performance generally
depends on the load bearing capacity and volume change characteristics of the soil mass. Soil type,
gradation, moisture, degree of compaction and presence of particle fines affect the load bearing capacity
of soil. In pavement construction, entirely cohesive or non-cohesive materials are not used. The particle
inter locking is modified due to presence of fine particles. Soils with excessive fines may be susceptible
to shrink and swell depending upon their mineralogical content. California Bearing Ratio is the basic
sub grade strength characterization accepted as a performance parameter all over the world. CBR is
expressed as the percentage ratio of unit load P that has to be applied so that a standard circular piston
may be pressed in to soil sample at a rate of 1.25-mm/min. and standard load. The sub base / base
thickness is governed by the CBR value of sub grade.

2 Materials Used

2.1. Fine Grained Soil: The ingredient necessary to give soil deposit cohesion are clay
minerals. There exists a reasonable relation between the type of mineral and activity of clayey soil. In
the present investigation, clayey soil was collected at a depth of 0.3 to 0.5 foot from natural ground level
from BHAL region. The various physical properties of the soil was evaluated as per the relevant IS
standards. Based on the liquid limit and plasticity index, soil was classified as CH type.

Tablel. Physical Properties of Clay Sample

Result Result
Sr. No. Test Obtained Sr. No. Test Obtained
. Optimum
1 SF;:\CI:I'C 276 8 Moisture 18
9 Y Content (%)
Maximum
2 Sand (%) 11 9 dry density 171
(KN/m?3)
. Cohesion
3 Silt + clay( %) 89 10 kgrem?) 142
4 Liquid limit( 54 1 Angle ofo 10
%) friction (@°)
L CBR (%)-Un
5 P'as“s)"m't( 27 12 soaked 42
" condition
.. CBR (%) -
6 Plasticity 27 13 Soaked 18
Index o
condition
7 Eree swell 20
index (%)
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2.2. Coarse Grained Soil:  The sand and gravel used in the present investigation is

collected from Sabarmati river basin. Sand passing through 2 mm and retained on 0.425 mm and fine
gravel of size 10 mm to 4.75 mm was used in the analysis. The co-efficient of uniformity is 1.66 and
co-efficient of curvature is 1.06 for sand material, which indicates poor gradation and is classified as
SP-SM. The co-efficient of uniformity is 1.27 and co-efficient of curvature is 0.90 for fine gravel. It
is difficult to measure the shape than the size, the shape is not given required attention. As the material
grading changes from a well graded to uniformly graded, the influence of shape is reduced.

3 Methodology
3.1 Heavy Compaction Test (Modified Proctor Test)

Modified proctor test were conducted on the different soil mixtures. The fine particles percentage
by weight was varied for determination of optimum moisture content and maximum dry density. The
proctor mould was compacted in five layers giving 25 blows to each layer by using modified rammer.
Table 11 gives the results of modified proctor test.

3.2 California Bearing Ratio Test

In order to analyse the effect of particle fines and compaction characteristics on CBR as per IS 2720
(Part-16). The CBR values obtained for various percentage of clay under un soaked and soaked
conditions are presented in Table I1.

Table Il.  Summary of Modified Proctor Test and CBR Test Results

;; Clay % | Sand(% | Gravel% | OMC (% | MDD kNm? CBR Li;l)soaked CBR Soaked (%)
1 10 45 45 826 2149 74.98 60.50

2 15 425 425 856 2130 5055 4413

3 20 40 40 9.10 21,00 4206 3685

4 25 375 375 9.46 20,90 3118 24.20

5 30 35 35 9.90 2081 2355 15,60

6 40 30 0, 107 2050 16.75 1128

7 50 25 %5 1 20.10 1308 832

Ao aificd Proctar Test BRosules

=3 = A & = 1o 1= 1a 1e
Moisture Content (26)

Fig. 1 Dry density Vs moisture content relation ship
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4 Statistical Analysis of the Test Results

Correlation matrix of various attributes is displayed in table V. Simple linear regression analysis is
applied to predict the value of un socked CBR and socked CBR using MDD and OMC as independent
variable. Good results in terms of R?is obtained..R? is the percentage of the response variable variation
that is explained by a linear model. The higher values of R? shows that the model fits best in both the

cases.
TABLE Ill  CORRELATION MATRIX OF VARIOUS ATTRIBUTES
(i!/?)y Sg;\)d GI(’;Z\)/H OMC %) MDD CBR L::)o )soaked CBR(‘ic;aked
(KN/md)
Claycs) 1 1 1 0.99 -0.98 -0.92 -0.92
Sand() 1 1 -0.99 0.98 0.915 0.925
Gravel (%) 1 099 0.98 0.915 0.925
OMC%) 1 -0.99 -0.88 -0.893
MDDKkN/m?) 1 0.844 0.859
CBR Un soaked(%) 1 0.994
CBR Soaked (%) 1

TABLE IV REesuLTS OF UNsOAKED LAB. CBR AND PREDICTED CBR FOR OPTIMUM MOISTURE CONTENT

Regression line CBR-(Un soaked)

=-179.64 -14.78 (OMC)

coefficients of determination,

R?=0.78,

Sr. OMC Lab. CBR- Predicated Residuals
No. (%) US %) CBR-US %) (%)
1 8.26 7498 57.49 17.49
2 856 5055 53.05 249
3 91 42.06 45.06 -3.00
4 9.46 31.18 39.73 -8.55
5 9.9 2355 3323 -9.68
6 10.7 16.75 21.40 -4.65
7 12 13.08 218 10.90
OMC(%) Line Fit Plot
/1\00
S ®
gO @ CBR-US(%)
x
O ' ' M Predicted
0 20 CBR-US(%)
OMCI(%)

Fig.3 OMC (% fit plot
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TABLE V Results of unsoaked lab. CBR and predicted CBR for maximum dry density

MDD (%)

MDD (%) Line Fit Plot

__100

=]
5\; 50 .’ # CBR-US(%)
)

>0

% 1.8 2 M Predicted
O CBR-US(%)

Residuals

MDD (%) Residual Plot
40

20 2
0 ¢ —
T ‘ T
20 1_l8 19 2 *90 2
MDD (%)

Fig.4 MDD line fit plot

Fig.5 MDD residual plot

Regression line CBR (US) = -

Sr. No. MDD Lab. CBR- Predicated Residuals
%) US (%) CBR-US %) (%) 387.58+205.5 (MDD,
! 2149 7498 5404 2093 coefficients of determination,
2 213 50.55 50.14 0.40 R2=0.71.
3 212 4206 4808 -6.02
4 209 3118 4192 1074
5 2.05 2355 33.70 -10.15
6 199 16.75 21.37 -4.62
7 19 13.08 287 10.20

TABLE VI RESULTS OF SOAKED LAB. CBR AND PREDICTED CBR FOR OPTIMUM
oMC Predicated Residuals MOISTURE CONTENT
Sr. No. %) CBR-S (%) CBR-S (%) )
1 8.26 605 4793 1257 o
' ] ' 1 Regression line CBR-(S)=157.39 -
2 8.56 4413 43.95 0.17 13.25(OMC)
3 9.1 36.85 36.79 0.05
4 9.46 242 32.03 782 Coefficient of determination R2=0.8.
5 99 156 26.20 1059
6 107 11.28 15.60 431 . .
OMC(%) Line Fit
7 12 8.32 163 9.95
80 Plot
Q 60 <
OMC(%) Residual Plot S 40
20 o 20 ¢ CBR-
) 1 ¢ o o S(%)
g O 0 .
:E 0 T “ |‘ 1 _20 $ 20
5 5 4o 1t
2 50 OMC(%)
OMC(%0)
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TABLE VIl Results of soaked lab. CBR and predicted CBR for maximum dry density

MDD Predicated Residuals
Sr.No. (g/ce) CBR-S (%) CBR-S (%) (%)
1 214 605 44.95 15,55 Regression line CBRS= -353.16+
2 213 4413 4143 270 185.25(MDD),
3 212 3685 39.57 212 Coefficient ~ of  determination
4 2.09 242 3401 -981 R2=0.74,
5 205 156 26.60 -11.00
6 199 11.28 15.49 421
7 19 832 118 950
MDD(%o) Line Fit Plot MDD(%) Residual Plot
1 20

_ 00 3 .

S 5o ®CBRS(%) | = 10 .

(jI) -g 0 T T T ‘ 1

x [ ] % . ¢

8 1ls 5 22 M Predicted ¢ -1018 19 ¢ $1 22

_50 ' CBR'S(%) _20
MDD(%) MDD(%)
Fig.8 MDD line fit plot for soaked samples Fig.9 MDD line fit plot for soaked samples
Conclusion

The compaction effect and water content have remarkable effect on California bearing ratio. These
two factors should be strictly controlled in the construction.

With increase in fine particles, the optimum moisture content increases but reduction in maximum
dry density is moderate because sand and gravels used are uniformly graded.CBR values are more
sensitive at smaller amount of clay percentage. The reduction of CBR values is not linearly related
with the fine particle content. The CBR values of un soaked and soaked condition decrease with particle
fines improved. This is because when fine particles are added , the hydrate film between fine particles
become thin. When CBR test is done, the friction between soil particles are not direct friction by particle
surface but friction by hydrate film. The hydrate film plays a role like lubricant and friction decreases
eventually.

The points in a residual plot are randomly dispersed around the horizontal axis, which indicates that
regression model are appropriate. But for maximum dry density the residual plot is not random and
hence shows nonlinear relationship.

It should be noted that, above developed equations are acceptable which are derived on test
conditions and prevailing material properties.
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