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Abstract: With the increasing of population and the reduction of 

available land, more and more construction of buildings and other 

civil engineering structures have to be carried out on weak or soft 

soil. Owing to such soil of poor shear strength and high swelling & 

shrinkage, a great diversity of ground improvement techniques 

such as soil stabilization and reinforcement are employed to 

improve mechanical behavior of soil, thereby enhancing the 

reliability of construction. Black cotton soil is one of the major soil 

deposits of India. They exhibit high swelling and shrinking when 

exposed to changes in moisture content and hence have been found 

to be most troublesome from engineering considerations. Black 

cotton soil showing low to medium swelling potential from 

palsana, Surat, Gujarat was used for determining the basic 

properties of the soil. Changes in various soil properties such as 

Liquid limit, Plastic Limit, California Bearing Ratio were studied. 

This paper deals with the complete analysis of the improvement of 

soil properties and its stabilization using Terrasil 
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I. INTRODUCTION 

oads are the life saver for the maintained growth of an 

economy. Yet, for a nation such as India, having powerful 

robust monsoons the entrance of water in the blustery season 

debilitates the roads soil base. Bituminous structures on such 

poor soil sub grades demonstrate early inconveniences realizing 

the less than ideal frustration of the black-top. If the roads ought 

to be made on this soil, it is unreasonable go for removing the 

entire soil which might end up being radical. The Soil 

adjustment is the modification of any inborn property of a soil 

to enhance its building execution according to the need of 

black-top makers as the road needs to bear the reiterations 

utilizations of vehicle burdens and consistently changing 

environment too. India is gone up against with the gigantic test 

of sparing and redesigning the transportation roadwork, these 

require the enthusiasm of new inventive material for upgrade 

the unfaltering quality of soils. 

II. PROBLEM ZONE 

The city of Surat has dark soil. Dark soils are exceptionally 

retentive of dampness, to a great degree smaller and relentless 

when wet, considerably contracted growing profound wide 

splits on drying. Water is the most exceedingly awful foe of all 

structures, especially in broad soil regions. Water infiltrates into 

the establishment from three side's viz. top surface, sides and  

 

from base layers because of narrow activity. Water lubricates 

up the soil particles and makes the mechanical interlock 

unsteady, in this way creating top surface, raveling, stripping, 

breaking of roads and finally realizing depressions and 

settlement. 

 
III. OBJECTIVES 

The focus is to evaluate engineering properties of adjacent soil 

material with and without using Nano chemical terrasil 

stabilizer of 0.041% percent dose and to explore the changes in 

CBR values for the thickness of adaptable flexible pavement 

design. 

                                 IV. LITERATURE REVIEW  

A. Nandan A. Patel, Prof.C. B. Mishra, Mr. Vasu V. Pancholi 

(2015) In their paper titled “Scientifically Surveying the Usage 

of Terrasil Chemical for Soil Stabilization” stressed that it is the 

obligation of the road powers to utilize the nearby material and 

right the soil properties utilizing added substances upgrading 

the quality of soil and make the road sturdy. Test result shows 

that engineering properties got changed and CBR on balanced 

out clayey examples expanded impressively, which mirrors the 

lower thickness in connection with regular trademark soil 

properties. Also the cost is decreasing which points of interest 

the Road developer’s engineers, strategy producers and asphalt 

originators too.  

 

B. Rintu Johnson, Dr. Kodi Rangaswamy – (2015) in his work 

on “ Improvement of soil properties as a road base material 

using nano chemical solution”, completed exploratory project 

on both clay and cement treated clay treated with various doses 

of Terrasil and as needs 7be examples were readied with 0.05%, 

0.07% and 0.09% Terrasil and 1% concrete by weight of soil. 

Results acquired were thought about and concentrated on. The 

CBR quality of soil blended with ideal dose of 0.07% terrasil 

chemical is enhanced around 6 times the CBR quality of clay 

soil. The treated soil was observed to be impermeable and made 

the soil dampness safe and is ended up being compelling in soil 

adjustment and water sealing of road bases and slopes making 

roads more dampness safe, upkeep free and economical. 

 

C.  B M Lekha S Goutham, A U Ravi Shankar – (2013) in his 

work on "Laboratory investigation of soil stabilized with Nano 

R 
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chemical” communicates that the behavior of Black Cotton 

(BC) soil with and without modification with compound named 

Terrasil demonstrated particular estimations and cured for 7-28 

days. The crucial geotechnical properties of soil were CBR 

qualities increase with the addition in rate of stabilizer. 

Vulnerability is seen to be nil for treated soil. The recognition 

record communicates those UCS quality augmentations with 

development in measurements of stabilizer and curing period. 

 

D.  K. S. Gandhi (2012) - “Expansive Soil Stabilization Using 

Bagasse Ash” in this study accentuation is offered to upgrade 

the nature of broad soil of Surat region, bagasse slag used as the 

included substance which builds the security of soil and decay 

the swelling of soil? The discoveries shows that Bagasse fiery 

debris adequately dries wet soils and gives a starting quick 

quality addition, which is valuable amid development in wet, 

temperamental ground conditions. Bagasse cinder likewise 

diminishes swell capability of far replacing so as to reach soils a 

portion of the volume beforehand held by broad mud minerals 

and by solidifying the soil particles together. 

 

E.  Grytan sarkar, md. rafiqul Islam, Muhammed alamgir, md. 

Rokonuzzaman (2012) “Study on the Geotechnical Properties 

of Cement based Composite Fine-grained Soil” states that the 

impact of cement on the execution of soil, decreases 

compressibility because of the addition of it with the soil. Other 

than that the unconfined compressive quality and shear quality 

of soil can be improved with the expansion of 7.5% of cement 

content.. 

 

F. Ibrahaim M.A. Moafaq, A.A. Abdulrahman, H.A. (2011) – in 

his study on "Long haul Quality and Durability of Clayey Soil 

stabilized with Lime" goes on that durability characteristics of 

clayey soil settled with lime were controlled by organizing tests 

contains UCS for tests with the ideal lime percent (4%), and 

subjected to cycles of the WD, dry-wet and FT strength tests 

and besides, whole deal dousing and slake test. 

V. MATERIALS  

Following are the materials which are to be used in this study. 

A. Soil 

The soil was collected for testing program from Palsana village 

of Surat located at 21° 5' 0" North, 72° 59' 0" East, Gujarat. 

Sample collected was oven dried, pulverized and basic 

properties were determined as shown below: 

B. Terrasil 

Terrasil a nanotechnology chemical is rising as another material 

for the adjustment of soil which based 100 percent 

organosilane, water dissolvable, ultraviolet and heat steady, 

responsive soil modifier to waterproof soil subgrade. It 

responds with water cherishing silanol gatherings of sand, 

residue, clay and aggregates to change over it to exceedingly 

stable water repellent alkyl Siloxane bonds and frames a 

breathable in-situ layer. It determines the basic sub-surface 

issues [6]. They additionally permit the utilization of in-situ 

soils minimizing utilization of fuel for transporting good soils 

over long distances. Terrasil was purchased from Zydex 

Industries Pvt. Ltd. Table 2 [6] gives the chemical composition 

of Terrasil.  

Table 2: Composition of Terrasil 

 

Chemical compound Value in range, % 

Hydroxyalkyl-alkoxy-alkylsilyl  65 – 70 %  

Benzyl alcohol  25 – 27 %  

Ethylene glycol  3 – 5 %  

 

 

VI. TEST RESULTS 

Various tests were performing for identify the Engineering 

property of soil as per Indian Standard are as be 

 

 Test Result of treated Soil 

1) Atterberg Limits of Soil: 

Water content enormously influences the designing conduct of 

fine-grained soils. In the request of expanding dampness 

content, a dry soil will travel into four unmistakable states: from 

strong state, to semisolid state, to plastic state, and to liquid 

state. The water substances at the limit of these states are known 

as Atterberg limits. Between the strong and semisolid states is 

shrinkage limit, in the middle of semisolid and plastic states is 

plastic point of confinement, and in the middle of plastic and 

liquid states is liquid farthest point. The cutoff focuses were 

refined by Arther Casagrande. 

 

2)  Plasticity Index: 

The plasticity index (PI) is a measure of the plasticity of a soil. 

The plasticity index is the size of the scope of water substance 

where the soil shows plastic properties. The PI is the contrast 

between as far as possible and as far as possible (PI = LL-PL).  

3) Soil Classification 

Soil order is the plan of soils into different gatherings. Brought 

together Soil Classification Systems use basic file properties, 
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for example, grain-size distribution, liquid point of 

confinement, and plasticity file of soil. IS code 2720 (section V 

1985) is taken after for assessing as far as possible in the 

research facility for order of soil. The soil is described as 

natural soil (MH) with silt of high pliancy according to brought 

together unified soil classification system (USCS) as fine 

grained soil passing 0.075 mm silt is more than 50 percent and 

liquid point of confinement falls more than half. 

 

The test result for treated soil is shown in table 3. 

 

Table 3 Soil+Terrasil Classification, FSI & Atterberg’s 

Limit 

 

4)  Compaction result for Natural Soil 

 

As water is added to a soil at brings the particles come closer, 

the voids are diminished and this causes the dry thickness to 

augment. As the water substance manufactures, the soil 

particles make greater water motion pictures around them. 

This addition in dry thickness continues till a stage is come to 

where water starts having the space that could have been 

included by the soil grains. The most compelling dry 

thickness (MDD) happens at an ideal water content (OMC), 

and their qualities can be gained from the Fig. 1.  

 

 
                Fig.1 MDD Vs OMC Graph for soil  

 

5)  CBR Result of untreated Soil 

CBR is a sign for choosing the resistance of the subgrade to 

deformation under the load from vehicle wheels. In this 

manner CBR-quality is used as a record of soil quality and 

bearing point of confinement. By procurement of IS : 2720 

(Part 16 – 1987) CBR test was performed for 100 % regular 

clayey soil with MH class remolded at OMC (16.22%) and 

MDD (1.77 gm/cc). The additional charge weight of 5.0 kg is 

put on the case and was splashed for 96 hours. The outcomes 

show that 2.5 mm entrance is higher which should be taken 

for outline reason 

 

Fig.2 Load Penetration Curve for natural soil 

 

                              CBR value from Graph 

                 

 

 

(6)    Test Result for Treated Soil with 0.041%     

      Terrasil:  

The gathered soil with 0.041 % Terrasil was oven dried at 

100°C overnight to uproot dampness and curb microbial 

movement. Oven specimens were blended completely by hand 

in a substantial plate in a dry state. The list property of test got 

for Atterberg's test is having liquid limit 54%, plastic limit 22% 

and plasticity index as 33%.    
 

 

Soil Grain Size Distribution Atterberg's Limit Free 

Swell 

Index 

(FSI) 

% 

IS 

Class

ificat

ion 

 Mediu-

m sand 

(2mm-4

25 

micron 

(%) 

Fine (%) 

(425 

micron-7

5 

micron) 

Silt+

Clay 

(%) 

L.

L 

(%

) 

P.L

. 

(%) 

P.I.  

 

(%)

=L

L-P

L 

Inorg

anic 

silt 

0 05 95 54 22 33 85 MH 

(LL>

50 

%) 

Std. Penetration  Load*100/Std. load  CBR %  

2.5 mm  (48.94*100)/1370  3.58  

5 mm  (61.17*100)/2055  2.98 



Volume III, Issue V, May 2016                                              IJRSI                                                                   ISSN 2321 – 2705 
                                                                            

www.rsisinternational.org Page 164 
 

 

 

Fig. 3 CBR Graph for soil + .041%Terrasil 

 

                               CBR value from Graph 

  
Std. 

Penetration  

Load*100/St. load  CBR %  

2.5 mm  (230.41*100)/1370  10.641 

5 mm  (415.96*100)/2055  20.195 

 

There is a significant change in CBR value is noted for MH 

soil with 0.041% Terrasil content. The graph shows that the 

value of CBR at 5 mm is more compared to 2.5 mm 

penetration. Tests were repeated as per the codal practice and 

values again obtained for 5 mm penetration is more than 

CBR at 2.5 mm penetration, hence CBR at 5 mm is 

considered for carrying out study 

VII. DESIGN OF FLEXIBLE PAVEMENT 

 

Thickness Design for MH Soil + Terrasil (0.041%)  

 

Soaked CBR test is done in the research facility according to 

Indian Standard for soil under scrutiny. By and large the 

expense of development depends on valuing of tenders. In this 

study 12msa movement is mulled over for deciding the 

thickness configuration according to the procurements given in 

IRC: 37 – 2012. It is expected that the underlying expense 

reflects right plan and the best workmanship of required quality. 

Here the rate is taken from NH Standard Data Book (Road and 

Bridge) 29/01/2013 for ascertaining the aggregate cost of 

construction. 

 

Total Pavement Thickness for MH Soil + Terrasil (0.041%)  

Total Pavement Thickness = 505 mm 

Pavement Composition 

I.Granular Sub base = 170 mm 

II .Granular Base Course = 250 mm = 125 mm + 125 mm 

III. Dense Bound Macadam = 54 mm 

IV. Bituminous Course = 31 mm  

                                

                  Thickness Design for MH Soil:-  

 

 

 

  

 

 

 

 

 

 

 

 

              

 Thickness Design of Treated soil:- 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison of layer thicknesses of  soil with and                         

without additive :-  

                 CBR design based on IRC: 37 – 2012 for all 

proportions of stabilizers with soil are worked out and is seen 

that total thickness can be reduced. But more benefit in the case 

of soil mixed with Terrasil, zycobond and cement is recorded 
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VIII. COST ANALYSIS 

 

Cost of construction for Untreated soil=26362470.00 Rs.              

 

Item 

No. 

Item 

Name 

Total 

Quantity 

Unit Rate. 

Rs. 

Total Cost 

Rs. 

1 GSB 3000.00 Cum 989 2967000.00 

2 WBM 1875.00 Cum 1036 1942500.00 

3 WMM 937.50 Cum 1330 1246210.00 

4 Prime 

Coat 

7500.00 Sq. m 35 262500.00 

5 DBM 660.00 Cum 7398 4882680.00 

6 BC 600.00 Cum 8493 5095800.00 

Total Amount 16396690.00 
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IX. CONCLUSION 

Soil stabilization with terrasil offers the bitumen build a 

different. The procedure not just offers the capacity to improve 

the designing attributes of an unsatisfactory soil, additionally 

offers the specialist a more supportable way to deal with 

bituminous road development. Construction cost analysis for 

soil with and without additive is calculated. The results shows 

that soil mixed with0.041% Terrasil, (as per Zydex Laboratory 

test protocol) is economical and is beneficial. Also load 

carrying capacity is increased. Thus it justifies from economy 

point of view, benefit associated with the utilization of chemical 

stabilizer such as Terrasil for enhancing the sustainable 

development in road construction needs to be worked 

evaluated. 
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