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Abstract: Stabilization of the soil with additives is an economical and efficient solution to the problem, because during 
construction of motorways in Pakistan waterlogged soil was excavated due to poor engineering properties and was substituted 
with suitable material which lead to massive budget consumption. My objective in this research was to increase the strength of 
poor road subgrade with different additives by chemically stabilizing soil with different percentages of the additives and getting 
the optimum content of that stabilizer which is efficient and economical too. Subgrade was stabilized with different locally 
available inexpensive additives such as brick powder, cement, Bentonite and lime. Tests involve in this research were finer 
sieve#200 passing, Plasticity Index, modified proctor compaction test, CBR test to find the strength of road subgrade, 
Unconfined compression and triaxial compression test to find the shear strength of soil, all these tests were done in both 
untreated and treated condition and then comparison of results in different percentages were evaluated. During research it was 
observed that the engineering properties at optimum content of additives of poor subgrade soil can be improved efficiently 
where more strength is achieved at low cost hence economical solution to a problem. 
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I. INTRODUCTION 
The significance of road infrastructure in the progress of a nation is multidimensional. The most important in all transportation mean 
is the road system, trade is mostly done through roads where goods and products are transported to the distribution points or to the 
end user ultimately through the road. 
Main cause of road failure is the weak subgrade which is due to waterlogging in the soil so the soil with this nature is not suitable to 
be use for the road foundation layer as it cannot withstand against the dynamic load of the traffic transfer to it. Usually this poor 
subgrade soil is replaced with a granular material having suitable nature, shear strength and bearing capacity or if being economical, 
it can be treated with different stabilizers or additives such as geo grids and chemical stabilization. Subgrade soil in different parts of 
KPK is mostly clayey which is assorted with sandy and silty soil and shingles that belongs to A-6 type of AASHTO table of 
classification of soil where the leading percentage is A-6 soil type category. This earth have extra inflation or swell probability with 
very low strength to resist the traffic load in some part of Khyber Pakhtunkhwa province in areas like Risalpur, Mardan, Warsak 
correspondingly other several parts of Peshawar the earth is water logged, may not be recommended to be used as a subgrade 
material.  

A. Experimental Investigation 
In this study, we collected the soil samples from different localities and checked their CBR value, the soil with CBR value lower 
than 7 was our required soil which requires stabilization. OMC was required for the CBR test because CBR samples were prepared 
according to the OMC of each sample whether in treated or non-treated condition. After testing of soil in untreated condition then 
we added additives in different percentages so that its CBR can be increased. The additives used were the one available easily and 
cheaply in our area. Bentonite was collected from Ghari Chandan area where it is available in copiousness, brick powder was 
obtained from a brick kiln in Charsadda, where it is existing in frequent amount. 
After virgin soil properties were determined, such as maximum dry density MDD, OMC, and California bearing ratio value 
bentonite was added to the sample in changed percentages with soil and results were determined i-e MMD, OMC and CBR value 
for each percentage were calculated and the outcome of each additive was considered, after this all the additives were tested with 
varying proportions. After carefully trying the samples, we got ideal content of stabilizers separately and in combination as well. 
Flow chart diagram of the methodology adopted in this work is illustrated below: 
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Fig. 1 Methodology of research work 

B. Experimental Results 
Tests were performed on virgin soil samples and found out that soil belongs to A-6 category of AASHTO soil classification 
table. Results were tabulated as: 

TABLE I VIRGIN SOIL PROPERTIES  

Properties Sample S1 

Natural Moisture Content % 18.27 

Liquid Limit % 26.08 

Plastic Limit % 10.92 

Plasticity Index % 15 

Finer sieve # 200 passing 86.41 

O.M.C % 17.95 

MDD 1.788 

C.B.R % 3.5 

 
Sample S1 Test Results with different Additives: 
Different additives in different percentages/contents (%) were tested and following results were interpreted: 

TABLE II SOIL TREATED WITH BRICK POWDER PROPERTIES  

 Brick Powder Content (%) 

Properties 0% 1% 2% 5% 10% 15% 20% 30% 50% 

O.M.C % 17.95 17.93 17.7 17.45 17.1 16.9 16.6 16.43 16.58 

MDD g/cc 1.788 1.802 1.79 1.856 1.844 1.897 1.93 1.873 1.952 

C.B.R % 3.5 6.9 6.02 7.64 7.89 8.52 9.33 12.12 15.7 
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TABLE III SOIL TREATED WITH BENTONITE PROPERTIES  

 
Bentonite Content (%) 

Properties 0% 2% 5% 10% 15% 20% 

O.M.C % 17.95 17.85 17.77 17.97 11.32 11.11 

MDD g/cc 1.788 1.846 1.867 1.78 1.88 1.89 

C.B.R % 3.5 4.5 8.8 11.5 16.3 17 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Effect of bentonite on CBR 

 

 

 

 
                                    
                                    
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Effect of brick powder on CBR 
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Fig. 4 Comparison of the effectiveness of different additives for sample S1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 Comparison of the effect of different additives on soil sample S1 swell values 

 
II. CONCLUSION 

From the study, the result was concluded that the use of bentonite 10% and brick powder 30% are recommended for improvement 
of subgrade soil in water logged areas being the cost-effective additives.  Lime 1% with brick powder 5%, and Bentonite 4% with 
cement 1% are also economical combination of additives to be used.  Brick powder can more effectively be used in addition to lime, 
combination of cement and lime is recommended to be the most effective stabilizer in terms of both strength and cost effectiveness. 
Further testing with other different local additives and field trials are recommended for further study. 
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