
   

 
 

 

 
Journal of Green Engineering (JGE) 
 

     Volume-10, Issue-10, October 2020 
  

 

 

 

 

 

 

 

 

 

 

Comparative Analysis for Natural and 
ZYCOBOND Modified Soil for Green 

Development 
 

          1
Sandeep Singh, 

2
Raman Kumar, 

2
Jasgurpreet Singh Chohan 

 
1
Assistant Professor, Department of Civil Engineering, Chandigarh University, 

Mohali, India. 
2
Associate Professor, Department of Mechanical Engineering, Chandigarh 

University, Mohali, India. 

Email: jaskhera@gmail.com 
 
 

 

Abstract 
 
Poor Flexibility, Inconsistent Density, Swell under wet condition and Loss of 

strength due to wet and dry cycle for soil are key challenges faced by 

designers and developers, since the origin of civil engineering. Various 

researchers have worked for the fulfillment of either few or all above 

challenges. Thereby, numerous admixtures have been proposed under the 

heading of soil stabilizers and they have been categorized based on origin 

such as sugarcane bagasse ash, flyash, cement, terrazyme and so on. 

Similarly, the present study is more or less same in terms of methodology 

adopted but the attempt has been made with new generation Nano-polymers 

(Particle size is less than 90nm) called Zycobond.  
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1 Introduction 

Soil stabilization technique, has shown tremendous results since 

engineers has starts relying on it[1]. Soil stabilization has not only helped in 

achieving the required strength results but also supported the construction 

industry as an economical solution. Since its development, researchers have 

mostly emphasized on the utilization of waste/byproducts for soil 

stabilization and have considered as an alternative to waste disposal as 

well[2]. The concept in place, is to use locally available waste/byproduct 

such as flyash, sugarcane bagasse ash, lime, silica fume etc. for landfill 

purpose. So this ideology is helping developer in reducing their cost of 

construction as well. Stats have reported that use of waste as a landfill could 

result in 10 – 35 percent of dropdown in investment subjected to location, 

waste used and type of soil.Use of chemical agents such as terrazyme and 

terrasil has also been recommended since past decade but the hike of 

stabilization pricing is restricting their use at ground level[3].However, 

increased traffic on roads is demanding new era of stabilizing agents, so that 

new heights of research and development should be realized, relying on same 

old school materials (waste/ byproducts) is acceptable as IS/IRC code have 

also recommended but for advancement need is to find and develop new 

materials as well[4].   

So, in the present study attempt has been made to investigate one such 

new materials of its own king that is Zycobond. It disperses in the soil 

bonding the soil particles imparting resistance to erosion, dust control and 

fatigue. Researchers have tried Zycobond with terrasil in the recent 

publication but in the present investigation Zycobond has been used 

exclusively. For stabilizing the soil with zycobond, the required quantity of 

soil is taken. Zycobond is added to the optimum moisture content in the 

proportion 1:90 - 1:99 to prepare the zycobond solution. This water is then 

added to the soil, and direct shear and permeability tests samples were 

prepared[5], [6]. 

 

2  Materials  

2.1 Soil  

Locally Available soil has been considered for experimental 

investigation. The properties of the soil are incorporated in table – 1.  
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Table 1 Properties of Virgin Soil 

S No Parameter Value 

1 liquid limit (LL) 43.5% 

2 plastic limit (PL) 25.5% 

3 plasticity index (PI) 18% 

4 specific gravity 2.6 

5 O.M.C 16% 

6 M.D.D 1.75 g/cc
 

7 U.C.S  (7 days) 
1.01 

Kg/cm
2 

8 U.C.S (28 days) 
1.22 

Kg/cm
2
 

9 
Differential free swell 

(%) 
90 

10 Gravel (%) Zero 

11 Sand (%) 33 

12 Silt (%) 40 

13 Clay (%) 31 

14 CBR soaked 2.1 

15 CBR un-soaked 2.6 

 

2.2 Zycobond  

Zycobond was procured from Zydex Industries and the properties of the 

product provided by the manufacturer are detailed in table -2.  Zycobond is 

basically a sub-micron acrylic copolymer emulsion having life of more than 

12 years to bong soil particles. It seals the percolation of water from unpaved 

areas such as shoulders etc[7], [8].  
Table 2 Properties of ZycoBond 

Parameter Value 

pH value 5 – 6 

Color White 

Odour No 

Extension Hazards No 

Water solubility Yes 

 

 



 

 
 

 

 

 

                       

 

3  Preparation of Sample  

Preparation of samples starts with the formulation of the zycobond 

solution, which is being prepared by addition 1:99 – 10:90 proportion of 

Zycobond into determined OMC. The detailed are tabulated in table – 3. 

Total 10 Samples were formulated and 3 specimens were tested for each 

sample lead to total 30 specimens. The investigation emphasized on the 

variation of CBR and UCS with the increasing dosage if ZycoBond[9], [10]. 
Table 3 Details of experimental suite 

S. No. ZycoBond OMC 

S1 0 16 

S2 0.16 15.84 

S3 0.32 15.68 

S4 0.48 15.52 

S5 0.64 15.36 

S6 0.80 15.20 

S7 0.96 15.04 

S8 1.12 14.88 

S9 1.28 14.72 

S10 1.44 14.56 

 

4  Test Results and Discussion 

4.1 Maximum Dry Density, CBR and UCS Test 

The value of Summary Chart for MDD, CBR and UCS Variation are 

shown in Table 4 and the samples of Air dried CBR and UCS tested are 

shown in Figure 1 and Figure 2. 
Table 4 Summary Chart for MDD, CBR and UCS Variation 

S. No. 
MDD 

(g/cc) 

CBR (Percentage) UCS (Kg/cm
2
) 

Un-soaked  Soaked  7 Days Curing 28 Days Curing 

S1 1.75 2.6 2.1 1.01 1.22 

S2 1.78 2.7 2..1 1.05 1.24 

S3 1.80 2.7 2.2 1.06 1.25 

S4 1.85 2.9 2.2 1.09 1.36 

S5 1.92 3.1 2.4 1.11 1.41 

S6 1.94 3.2 2.5 1.20 1.50 

S7 1.99 3.5 2.6 1.28 1.56 

S8 2.02 3.6 2.7 1.32 1.66 

S9 2.08 3.8 2.9 1.38 1.77 

S10 2.10 4.1 3.0 1.44 1.79 
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Figure 1 Air dried CBR samples 

 
Figure 2 UCS tested sample 

As per the results report in table – 4, considerable appreciation has been 

recorded in the Dry density, as the MDD has touched 2.10 g/cc for sample 

S10with a growth of 20 percent compared to virgin soil’s dry density i.e. 

1.75g/cc (Sample S1). In addition the increase in density shown a linear 

relation with dosage of Zycobond. The results have shown continuous rise of 

dry density till Sample S10.  

In a similar manner, the recorded results of CBR (Soaked and Unsoaked) 

and UCS (for 7 and 28 days curing) have shown significant improvement in 

properties. There is a continuous rise in the strength results for CBR test, the 

hike is around 58 and 43 percent for un-soaked and soaked sample 

respectively (for S10 samples) compared to the virgin soil.  

 
 



 

 
 

 

 

 

                      

 

UCS results have also represented an increment of 43 and 47 percent for 7 

days and 28 days curing respectively compared to sample S1[11], [12]. 

 

4.2 Direct Shear Test 

Direct Shear test was conducted only with two Sample i.e. for S1 and S10, 

as S1 represents the virgin soil and S10 represent the soil sample with 9 

percent of Zycobond[13], [14]. These samples for direct shear were cured for 

7 days before conducting the tests. The results are tabulated in table – 5. 

Table 5 Shear parameters from direct shear test on virgin and Zycobond 

treated soils 

Shear parameter 
Local Soil 

(S1) 

Soil with 

Zycobond (S10) 

For 

OMC 

Cohesion, c (kN/m
2
 ) 10 8 

Friction angle, (in degree) 36 32 

For  

SMC 

Cohesion, c (kN/m2 ) 9 6 

Friction angle, (in degree) 33 36 

 

4.3 Permeability Test 

Similar to Direct shear test, the permeability test was also conducted on 

S1 and S10 sample only. The detailed results are reported in table – 6 below. 

 

Table 6 Permeability tests on virgin and Zycobond treated soils 

 

Soil Type Permeability Co-efficient, k (cm/s) 

Virgin soil (S1) 8.7*10
−7

 

Soil treated with zycobond (S10) 1.7*10
−6

 

 

5 Conclusion 

The level of improvement is very significant, the practicing Engineers 

may consider stabilization of soft clayey in-situ ground with Zycobond, to 

economize the pavement layers. Zycobond enhance the number of contact 

point for flexible bonding, which improves the fatigues resistance of the 

stabilized soil. However, the future analysis should try to find out the 

maximum percentage of replacement for zycobond. Moreover, in-spite of 

clayey soil, Zycobond should be tried for othercategories of soil as well.   
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