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Abstract 

 

Soil Cement with admixture can be used together to get the more stabilized subgrade on roads. When the soil is mixed with 

cement and then with admixture the properties of the soil get changed. The aim of the study is to review on stabilization of 

subgrade using soil cement with admixtures. In the experiment the soil sample has been taken from the Vadodara region, the soil 

is found granular soil with sufficient fines and many laboratory tests has been conducted on that soil sample and soil cement with 

admixtures with varying percentage of cement and admixture. The experiments which have performed are Standard Proctor Test, 

California Bearing Ratio Test (CBR) & Unconfined Compression Test (UCT) by adding 5 %, 10%, 15%, 20% of the cement 

content by volume of dry soil and the Admixture which has used is Lime of 5% by weight of the dry soil. Lime is chosen 

because lime alters the nature of the adsorbed layer and gives pozzolanic action. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

In geotechnical engineering the continue growing road network leads to the development of the high bearing capacity road 

subgrade for flexible pavement as well as for rigid pavement. But the soil found at different place are different hence their 

bearing capacity also differs location to location. Here the requirement of geotechnical engineering arises when the locally 

available soil do not fulfil the requirements and hence it requires improvement to transform this problematic material to a 

required one. This can be achieved by treating the soil with physical or chemical stabilization. There are many ways to improve 

the quality of the road subgrade material like Lime, Bitumen, Cement, Calcium Carbonate, Sodium Carbonate, Sodium Sulphate 

& Fly Ash etc. 

 Purpose  

This experiment gives idea for improving the geotechnical engineering properties of the soil used for the pavement sub grade by 

using the additive and admixture which have mixed into the soil to get the desired improvement to fulfil the strength criteria. 

These criteria can also be applied to the roads and air fields having a much stabilized surface layer.  

 Use of Soil Cement & Admixture Stabilization 

The use of soil cement along with admixture is for users and owners both for commercial purposes. Its cost is also reasonable as 

compared to granular base sub grades. This combination of soil cement and admixture give the more bearing strength of sub grade 

than other combination. Also the use of lime and cement gives the type of material which is easily available at low cost everywhere. 

 Mechanisms of Soil Stabilization 

Lime may be used alone or in combination with cement, bitumen or fly ash. Sandy soils can also be stabilized with these 

combinations. Lime has been mainly used for stabilizing the road bases and the subgrade. 

Lime alters the nature of the adsorbed layer and provides pozzolanic action. Plasticity index of highly plastic soils are reduced 

by the addition of lime along with cement in soil. There is an increase in the optimum water content and a decrease in the 

maximum compacted density and hence strength and durability of soil increases. 

 Different Types of Soil Stabilization 

 Mechanical Stabilization 

In this stabilization the properties of the soil by changing its gradation by mixing the two or more different soils together to get 

more stabilized material. Sometime the soils with granular particles are added. 

 Cement Stabilization 

This is done by mixing the pulverized soil and ordinary Portland cement with water and compacting the mixture to get the 

stronger material. The soil cement becomes a hard and durable structural material as the cement hydrates and develops strength. 
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 Lime Stabilization 

It is done by adding lime to a soil. It is useful for the stabilization of clayey soil. When lime is added a decrease in plasticity of 

the soil occurs. Hence the resulting material is more friable than previous one, hence more suitable for road sub grade.                     

II. METHODOLOGY 

The soil cement along with admixture is used for soil stabilization for the sub grade in road and airfields. This can be achieved 

by mixing the pulverized soil and Ordinary Portland Cement with the water and compacting the mix to get a stronger composite 

material. The resultant material becomes hard and durable structural material as cement get hydrated and gained strength. The 

cement is added ranges from 5 to 20 % of the cement by volume and 5 % of the lime as admixture by weight of the dry soil. 

III. EXPERIMENTS 

Laboratory tests has performed on the sample to evaluate soil properties of the untreated and treated soil with cement and lime. 

The tests which was conducted in laboratory to get the results are as follows- 

1) Grain Size Analysis 

2) Standard Proctor Test 

3) Unconfined Compression Test 

4) California Bearing Ratio Test (CBR) 

IV. TEST RESULTS 

 Grain Size Analysis 

 Sieve analysis:  

Sr 

No. 

Sieve 

Size 

Mass of Soil 

Retain(g) 

%Retained On each sieve 

(%) 

%Cumulative Retain 

(%) 

%Finer 

(%) 

1 4.75mm 175 8.4 8.4 91.6 

2 2mm 485 25 33.4 66.6 

3 1mm 294 16.85 50.25 49.75 

4 600µ 125 5 55.25 44.75 

5 425µ 85 2 57.25 42.75 

6 300µ 72 3.50 60.75 39.25 

7 212µ 65 3.20 63.95 36.05 

8 150µ 453 22.55 86.5 13.5 

9 75µ 230 11.2 97.7 2.3 

10 Pan 16 1 98.7 1.3 

Total  2000 98.7   

From above test D60=1.55 mm, D30=0.2 mm, D10=0.12 mm 

Hence Cu=12.91 & Cc=0.21 

Hence the soil is SM i.e. Silty Sand as per Indian Standard Soil Classification System. 

 Standard Proctor test: 

Aim of this test is to determine a relationship between moisture content and dry unit weight for a given soil sample. In this test we 

are conducting adding different ratio of cement adding with soil and determine the result which is shown in graph above. 

 Soil + cement (0%)+ Lime (0%) 

Maximum dry density: 1.6 gm. /cm3 

Optimum Moisture Content: 3 % 
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Fig. 1: 

 Soil + cement (5%)+ lime (5%) 

Maximum dry density: 1.77 gm. /cm3 

Optimum Moisture Content: 17% 

 
Fig. 2: 

 Soil + cement (10%) + Lime (5%) 

Maximum dry density: 1.72 gm. /cm3 

Optimum Moisture Content: 16.5% 
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Fig. 3: 

 Soil + cement (15%) + Lime (5%) 

Maximum dry density: 1.78 gm. /cm3 

Optimum Moisture Content: 13.7% 

 
Fig. 4: 

 Soil + cement (20%) + Lime (5%) 

Maximum dry density: 1.55 gm. /cm3 

Optimum um Moisture Content: 25% 
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Fig. 5: 

 
Fig. 6: 

 California Bearing Ratio Test 

it is use for determine a relation between force and penetration when a cylindrical plunger with standard cross-section area is 

made to penetrate the soil at a given rate. In this test we are conducting adding different ratio of cement adding with soil and 

determine the result which is shown in graph above. 

 Soil + cement (0%) + Lime (0%) 

CBR value at 2.5mm penetration: 15.4% 

CBR value at 5mm penetration: 13.69% 

 Soil + cement (5%)+ Lime (5%) 

CBR value at 2.5mm penetration: 16.65% 

CBR value at 5mm penetration: 17.8% 

 Soil + cement (10%)+ Lime (5%) 

CBR value at 2.5mm penetration: 24.58% 

CBR value at 5mm penetration: 25.19% 

 Soil + cement (15%) + Lime (5%) 

CBR value 2.5mm penetration: 17.97% 

CBR value at 5mm penetration: 17.15% 
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 Soil + cement (20%) + Lime (5%) 

CBR value at 2.5mm penetration: 12.82% 

CBR value at 5mm penetration: 13.69% 

 
Fig. 7: 

 
Fig. 8: 
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Fig. 9: 

 Unconfined Compression test: 

The aim to determine the unconfined compressive strength of the soil, test to obtain the shear strength parameters of cohesive 

soil either in undisturbed or remolded state, it is not applicable to cohesion less or coarse grained soils. In this test we are 

conducting adding different ratio of cement adding with soil and determine the result which is shown in graph above. 

Soil + cement where, 

qu = Unconfined compression strength of soil 

c = Shear strength of soil 

 soil + cement (0%) 

qu = 173.74 KN/M2 

c = 90 KN/M2 

 Soil + cement (5%) 

qu = 490 KN/M2 

c = 245 KN/M2  

 Soil + cement (10%) 

qu = 402 KN/M2 

c = 205.3 KN/M2 

 Soil + cement (15%) 

qu = 642 KN/M2 

c = 320 KN/M2 

 Soil + cement (20%) 

qu = 617.64 KN/M2 

c =308.32 KN/M2 
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Fig. 10: 

 
Fig. 11: 

 
Fig. 12: 
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V. CONCLUSION OF THE TESTS 

 Proctor test: 

 Maximum Dry Density at different moisture content: 

 
Fig. 13: 

 Comparison of soil and soil + cement (15%): 

 
Fig. 14: 

 CBR test: 

 Comparison  

Maximum penetration: 

 at soil + cement (10%): 2.5mm penetration: 24.58% 

                                        5mm penetration: 25.19% 
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Fig. 15: 

 Conclusion:  

I have conducted different types of tests like Standard Proctor test, California Bearing Ratio test, and Unconfined Compression 

test. From this I got good result for  

1) Standard Proctor test at 15% Cement MDD: 1.78 gm. /cm3  and OMC: 13.7%. 

2) CBR test at 10% cement 2.5mm penetration: 24.58% 

5mm penetration: 25.19% 

3) Unconfined Compression test at 15% cement qu = 642 KN/M2 

C = 320 KN/M2 
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