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ABSTRACT 
 

Soil reinforcement is one of the most popular ground improvement techniques. Availability of different material and techniques 

for reinforcement is one of the major reasons for the continuous increase in the application of the soil reinforcement. Rapid 

industrialization is full filling the need of the present time and it is also producing a huge amount of waste under the present 

investigation, a detailed parametric study through a series of triaxial experiments has been carried out to develop an 

understanding of the behavior of geocell-shredded tyres reinforced sand under triaxial loading. The influence of various 

parameters pertaining to geocell- shredded tyres reinforced soil such as relative densities (i.e., 30%, 50%, 70%), confining 

pressures (i.e., 50kPa, 100kPa, 200kPa), types of geocells (i.e., M=4.79, 3.23), and shredded tyres content (i.e., 10%, 20%, 30%, 

40%) have been studied extensively in a systematic manner. The results of the triaxial tests show that the stiffness and the load 

carrying capacity of the soil improve substantially with the provision of shredded tyres reinforcement in content 10% and 20% 

respectively while results of tyre content 30% and 40% show less stiffness and the load carrying capacity of the soil. The stiffness 

and load carrying capacity of the soil also improves with the provision of reinforcement of soil using geocells and also improves 

with the provision of reinforcement of soil using geocell-shredded tyres. When geocells are used with shredded tyres for 

reinforcement of soil then improved results have been seen in 10%, 20%, and 30% tyre content as compare to geocell 

reinforcement of soil without shredded tyres. While 40% of tyre content shows less load carrying capacity as compare to lesser 

contents of shredded tyres. 
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1. INTRODUCTION 
The behaviour of soil is the most important parameter which we have to consider before the construction of any type of civil 

engineering structure. Problems regarding construction on soils arise from their lack of strength which manifests itself in their 

deformation, which beneath foundations takes the form of settlement, or in some exceptional circumstances gives rise to ground 

failure. Problems are also associated with water in the soil. Leaning Tower of Pisa is also an example of failure due to excessive 

settlement (Fig. 1.1). Construction of embankments over weak, relatively thin foundation soils often poses problems for designers 

and contractors. Failure due to the inadequacy of properties of soft soil, due to swelling and shrinkage of soft soils and due to 

differential settlement of buildings are some of the failures associated with the construction of structures on soft soils. There are 

several problems like scarcity of suitable construction sites, inadequate mechanical properties of soil, collapsible soils etc. forces 

engineers to become more innovative and to utilize new products for improving the soil properties. To mitigate these problems 

related to soft soil several techniques were introduced like provision of piled foundation, excavation and replacement with good 

quality soil, preloading with vertical drains, stone columns etc. The engineering treatment of soils involves improving their 

geotechnical character for construction purposes. Hence soil treatment is primarily concerned with enhancing its Strength. The 

ground can be improved by several methods like compaction, dewatering, reinforcement, and admixture or grouting. All these 

methods are used as per site requirement by considering the economy and feasibility of the method. Soil reinforcing technique is 

widely gaining acceptance as a viable alternative to other ground improvement techniques. Economical and Simple construction 

process are major advantages of reinforcement technique. 

 

2. MATERIALS USED                                                                                                                       
2.1 Sand 

The sand used in the study is locally available river sand whose particle size distribution [ASTM D 6913-04]. The coefficient of 

uniformity (Cu) and coefficient of curvature (Cc) are found to be 2.05 and 0.95 respectively. The soil can thus be classified as poorly 
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graded sand (SP) as per the Unified Soil Classification System (USCS) [ASTM D 2487-06]. The physical properties of sand such 

as specific gravity [ASTM D 0854-06], maximum dry density [ASTM D 4253- 00] and minimum dry density [ASTM D 4254-00] 

are reported in Table 3.1. Direct shear tests as per ASTM D 6528-07 were performed on samples prepared at relative densities (ID) 

of 30%, 50% and 70% and the variation of normal stress with peak shear stress is presented in figure 2. 
 

2.2 Shredded Tyres 

The tyres used in the study are recycled tyres manufactured in a recycling plant whose particle size distribution [ASTM D 6913-04] 

is shown in figure 3. The coefficient of uniformity (Cu) and coefficient of curvature (Cc) was found to be 3.74 and 0.86 respectively.  
 

2.3 Geocell 

Geocells are fabricated by stitching the textiles into cylindrical shapes whose diameter and height are the same as that of diameter 

and height of the sample i.e. (38 mm diameter and 76 mm height). Two different types of geosynthetics G1 and G2 were used in 

this study. The materials are basically geotextiles. For stitching the geocells nylon threads have been used throughout the experiment. 

Single stitching was used and the numbers of stitches were also kept constant throughout the experiment. 

 

3. RESULT AND DISCUSSION ON EXPERIMENTAL TESTS 
To evaluate the behaviour of geocell-tire crumbs reinforced sand a series of triaxial tests are conducted in this study. Four different 

series of tests A, B, C, D were conducted. Tests were conducted on Unreinforced, geocell reinforced; tire crumbs reinforced and 

geocell-tire crumbs reinforced soil. Tests on the unreinforced sand were performed to evaluate the reinforcing potential of a different 

form of the reinforcement. Variable parameters considered in this study are types of reinforcement, stiffness of geocell membrane, 

the relative density of soil, tire content and confining pressure. In this study, all the tests were performed under unconsolidated 

undrained conditions. Size of the triaxial test specimen in this study is considered of diameter 38 mm and of height 76 mm. All tests 

were conducted on the confining pressure of the 50 kPa, 100 kPa, and 200 kpa To understand the effect of the stiffness of geocell 

membrane two types of geotextile having different stiffness will be used for the preparation of the geocell. To evaluate the effect of 

density of soil on the performance of geocell-tire crumbs reinforcement three different relative densities 30 %, 50% and 70% which 

represents the loose, medium dense and dense condition of the soil is considered. Four different 15%, 30%, 60% and 100% content 

of tire crumbs are considered to understand the effect of tire crumbs content. 

 

 
Fig. 1: Stress-strain behaviour of sand under triaxial compression test (relative density = 30 %) 

 

3.1 Effect of the stiffness of the membrane 

 

 
Fig. 2: Stress-Strain behaviour of sand using different Geocells (relative density 30%, confining pressure =100kPa). 
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Fig. 3: Stress-strain behaviour of sand mixed with different confining pressure under triaxial compression test at 20% tyre 

content (Relative density = 30 % 

 

In this chapter result of geocell-shredded tyres, reinforced soil is presented and discussed. The parameters considered are stiffness 

of geocell membrane, the relative density of soil and confining pressure. Geocell-shredded tyres improve the soil through cohesion. 

The angle of friction doesn’t change much. 

 

4. CONCLUSIONS 
Based on the results obtained from the present investigation, the following major conclusions can be made on the behaviour of 

reinforcement of soil using different materials i.e. geocell and shredded tyres. 

 Soil sample having a relative density 70% shows more stiff behaviour and shows more strength than the sample having a relative 

density of 30% and 50%. But soil sample having relative density 70% shows sudden failure or brittle failure at less axial strain 

because of fewer voids, while sample having relative density 30% and 50% show ductile failure. 

 The shredded tyres reinforced soil at tyre content 10% and 20% exhibit a much stronger and stiffer behaviour compared to the 

unreinforced cases. Results show that tyre content below 20% gives about 1.2 times more strength than unreinforced sand. While 

tyre content more than 20% shows less strength carrying capacity. 

 Friction angle of soil-shredded tyre mixture is less as compared to soil alone but the overall strength of the reinforced soil is 

more because of more cohesion between the particles. 

 When soil is reinforced with shredded tyres failure will occur at more axial strain than unreinforced soil. 

 As we increase the tyre content in soil tyre mix than axial strain at failure increases about 1.3 times as compared to soil only. 

 Geocells reinforced soil exhibits a much stronger and stiffer behaviour as compared to unreinforced soil. Results show that with 

the inclusion of geocell for reinforcement of soil gives about 2.75 times more strength than unreinforced sand. With the inclusion 

of geocells as reinforcement material, the friction angle does not change. 

 The geocell encasement is found to induce an apparent cohesion to the sand leading to improved load carrying capacity. This 

apparent cohesion is found to increase with the increase in relative density of soil and strength of geocell material. 

 The geocell encasement is found to induce an apparent cohesion to the sand leading to improved load carrying capacity. This 

apparent cohesion is found to increase with the increase in relative density of soil and strength of geocell material. 
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