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ABSTRACT:  
 

This study has been carried out to evolve the appropriate method for finding out CBR value for the 

CH-type of Expansive soil for determining the appropriate value of subgrade modulus K in rigid 

pavement, that best suits the type of soils in BRC and Sachin area of Surat district. IS code prescribes 

process of soaking which do not give unified specifications and uniform moisture throughout sample. 

It gives wrong picture of soil conditions this needs to be revised and improved. The CBR values 

directly by performing UCC test. The expanses and time consumed is to be minimized. 

 

1. INTRODUCTION 
Code (IS: 2720 (part16) - 1987-Laboratory Determination of CBR) provisions mandate 

that the value of CBR to be used in the determination of subgrade reaction modulus (K) 

and thickness of pavement should be that of soaked sample. The test for CBR 

recommends the sample to be kept soaked for 4 days to give CBR of soaked soil. 

 

Soaking may not be true representative for arid regions when annual rainfall is less than 

50 cm. similarly where a comparatively thick bituminous surfacing of an impermeable 

nature is provided on top and where simultaneously the water table is very deep (1m in 

sands, 3 m in sandy clays and 6 m in highly plastic clays) and well shaped shoulders exist 

to facilitate quick drainage of the surface water, soaking may not be essential. In all other 

cases specimens must be soaked prior to testing. However, the time of 96 hrs may be 

reduced in case of sand and silts, if saturation is ensured. 

 

For sandy soils the placement of surcharge weights during soaking may not have much 

influence. However, during the penetration test it is most influential, as confinement in 

case of granular soils increases the shearing resistance. For clayey subgrades and silts the 

surcharge weights greatly influence the extent of swelling during soaking, which 

indirectly affects the measured penetration resistance. The expansion ratio (measured 

expansion/specimen height) is used to qualitatively identify the potential expansiveness of 

the subgrade soil. 

 

Method to saturate the sample of CBR is not well defined in IS. All soils are having CBR 

2-3 under soaked condition defined. It increases pavement thickness, and hence cost also 

increases. Time of construction increases. 

 

There is a need of revised the code for the standard soaking method of determination of 

CBR value. The code there isn’t mention of which particular layer it should be measured, 

at top or bottom. So it’s needed to be mention that weather the soak CBR is determined at 

top or bottom. The values to be selected of K for rigid pavement is different for CBR 

values and also the design thickness of the pavement varies and its affect the cost of the 

rigid pavement design. 

 

The soaked CBR is taken where the flood condition is critical and water logging is likely. 

Other sites judgment has to be used. 
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2. EXPERIMENTAL WORK 

 

 Selection of Sample: The soil sample was collected from the road construction 

site near Sachin area of Surat district and CC Road project at Baroda Rayon 

Corporation. The properties of the soil are tabulated in Table 1.  It is clear from 

the results that the soil is CH-type of expansive soil. 

 
Table.1: Grain Size Analysis and Atterberg Limits Test Results For 

CH-Type of Expansive Soils (Unique Eng. Test Report) 

 

Test 1 2 3 4 

Grain Size Analysis 

Gravel 00 00 00 00 

Course sand 03 06 05 00 

Medium sand 04 05 05 05 

Fine sand 02 05 06 04 

Silt+clay 91 84 94 91 

Atterburg’s Limit 

Liquid limit 58 51 50 56 

Plastic limit 30 23 25 26 

Plasticity index 28 28 25 30 

Free swell index 72 59 61 77 

 

 Methodology: In the first stage soil having with different properties was 

blended. The changes in the properties like, % moisture content, density, CBR 

unsoaked, and CBR soaked for different percentage of water content were 

evaluated. The soil was prewetted for 24 hrs under humid environment to allow 

absorption of water in of clay. 
In the second stage, the % moisture variations were investigated in 

soaked sample of the CBR mould at different depth.  

 Laboratory Tests: The grain size distributions of all the materials were 

determined based on wet sieve analysis and hydrometer analysis. The Index 

properties were determined for the CH-type of expansive soil passing 425-micron 

IS sieve.  

 
The moisture – density relationship was established based on IS light compaction 

as per IS: 2720 (Part VII- Determination of Water Content-Dry Density relation 

using light compaction) – 1980 Reaffirmed 2002, Edition 3.2 (1984-07). The 

design of subgrade is proposed to be a compacted insitu soil at OMC to MDD. 

 

In the CBR test the soil is compacted in the same way as in the standard or 

modified compaction test, the only difference being the size of the mould. After 

compaction, a piston is forced into the confined soil at a standard rate. The 

penetration resistance is recorded and plotted against deflection. The curve is 

“corrected” if because of improper seating of piston, or other causes, the 

deflection curve is concave downward or irregular at low pressures. The 

resistance to penetration at a specified deflection is divided by the resistance 

offered by a standard crushed rock at the same penetration: this ratio, expressed 

in percent, is called the California bearing ratio. This test is normally conducted 

on a laboratory compacted sample, although it can be carried out on undisturbed 

field samples or in situ. The soil may be tested as compacted or after 4 days of 

soaking in water, simulating submergence and saturation which may occur in the 

field. Measurement of swell during soaking is a useful side result. 
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The CBR value of materials (both unsoaked and soaked) was determined for the 

dry density (DD) and moisture content (MC) corresponding OMC, OMC+2, and 

OMC-2. 

The depth wise moisture variation was carried out for three samples of CBR after 

soaking. 

 

3. RESULTS AND DISCUSSION 
 

 Moisture–Density Relation of CH-Type Of Expansive Soil 
The moisture-density relationship of the CH-type of expansive soil blended with 

different percentage of water contain was studied under IS light compaction 

method. The materials passing 20 mm sieve were used for the test. The moisture-

density relationships of CH-type of expansive soil are shown in graph below. 

Special method of soaking for air dried sample for 24 hrs before compaction was 

adopted. 
From FIG.1:  MDD = 1.42 gms/cc 

                                                OMC = 25.53% 

When CH-type expansive soil is blended with water content 18 to 30 percent of 

total mix, dry density increase from 1.33 gms/cc upto 1.42 gms/cc then decreases 

to 1.37 gms/cc.  

 

 CBR Test: CBR test is performed on % Moisture Content at OMC (=25.53), 

OMC+2(=27.53), and OMC- 2 (=23.53), for both unsoaked and soaked condition 

as per IS-2720 specification of dipping for 4 days.  

 
The CH-type of expansive soil were compacted as per IS light compaction and 

the unsoaked value observed between 6.5 % to 10.8% and the soaked value 

observed between 3.3 % to 4.5 %. 

 

Then the sample was abstract from the CBR mould and made 4 slice of each 

sample made at different depth and tested it for density and % moisture content. 

Fig.1: Graph of Moisture Content V/S Dry Density 
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 Analysis of Data 

 

 

Fig.2: Graph of % M/C V/S CBR and Statistical Correlation 

 

Fig.3: Prolonged Graph of % M/C V/S CBR 

 Analysis of Data of Compacted of CBR 
 Increased water content upto 28 % of sample shows rapid decrease in CBR. 
 Soaked CBR value is approximately 40 % to 50 % of unsoaked CBR for 

compacted subgrade. If the site environment, slope, drainage permitted and 

impervious base and surface permit a suitable CBR higher than soaked value will 

be appropriate for the site conditions. Based on judgment experience and data 

base this can reduce thickness of pavement. Cost, time of construction is reduced. 

From Figure.4 it can easily be observed that the saturation of the moisture is not 

uniform. So as per the code IS: 2720:1987-(Laboratory Determination of CBR part 16) 4 

days of soaking is not adequate. So there is a need to revise the code for the soaking 

method. And also the necessity of mentioning the CBR value measured at which point 

after soaking at bottom or top of the mould.  

Table.2: Results of CBR Test 

 

% Moisture Content CBR(unsoak)% CBR(soak)% 

23.53 10.8 4.5 

25.53            7.8 3.5 

27.53 6.5 3.3 
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Table.3: The Results of 4 Slices at Different Depth 

Depth 

cm 

Bulk density 

(gms/cc) 

Natural Moisture Content 

% 
Dry Density (gms/cc) 

For OMC - 2 

4.5 2.056 26.01 1.632 

8.8 1.76 30.71 1.346 

13 1.695 34.67 1.259 

17.5 1.735 34.46 1.290 

For OMC 

4.5 2.18 28.50 1.69 

8.8 1.99 33.11 1.49 

13 1.75 35.01 1.29 

17.5 1.37 37.84 0.998 

For OMC + 2 

4.5 1.618 27.78 1.266 

8.8 1.889 32.63 1.424 

13 1.079 36.85 0.825 

17.5 1.687 40.16 1.204 

 

 

Fig.4: Depth Wise Moisture Variation of the CBR Mould 

 

4. CONCLUSIONS 

 
 Typical soil for road subgrade is CH-type of expansive in BRC  and Sachin area of Surat 

 district. 

 From compaction test on this  sample, the (Fig.1) OMC = 25.53 % and 

                                                                      MDD = 1.42 gms/cc. 

 The value of CBR is directly determined from % Moisture Content and the figure.4 shows 

the relationship. And it is applicable for the CH-type of compacted expansive soil only. 

 The present IS code prescribes process of soaking which do not give unified 

specifications and uniform moisture throughout sample. Thus CBR value on top/bottom 

and nature of shear below the plunger gives wrong picture of soil conditions this needs to 

be revised and improved. 
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