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Abstract 

 

Excavation and also deep excavation is an important problem in geotechnical engineering projects 

in urban also non-urban fields. Using sheet piles is one method that is used in soft soils with high 

ground water level. So using steel sheet piles in soft sand soils, using different methods for 

rehabilitation and reinforcement of the soft soil is necessary. In this research, using the large direct 

shear test results based on previous laboratory tests performed on the sand reinforced by waste tire 

shreds, the characteristics of the mixture of sand and waste tire shreds with weight ratios of 15 and 

30%, the behavior of the sheet pile wall with different heights, under the effects of increasing the 

depth of the reinforced layer in the backfill are performed. The steel sheet piles are analyzed with 

the PLAXIS finite element software. The numerical obtained results show that using sand 

reinforced with waste tire shreds in the backfill part of the sheet pile, instead of full height sand 

backfill, reduces the lateral displacement and the bending moment of the sheet pile and also the 

anchor force decreases. In this case, the settlement increases to a small amount. Also the results 

demonstrate that increasing the depth of the reinforced layer, when the entire backfill is reinforced 

with tire shreds, reduces the lateral displacement and bending moment of the sheet pile.  
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Extended Abstract: 

 

1. Introduction 

Cecich et al. (1996) investigated using of rubber shards as lightweight materials for retaining wall 

embankments. The observed results showed an increase in the reliability coefficient and good 

performance of these materials as embankment materials. Amelsakhi (2001) investigated and found 

the optimal aspect ratio for different percentages of waste rubber in sandy soil by performing CBR 

and large direct cutting tests. In another software research, from the results of laboratory tests and 

the results of the parameters of shear strength of soil reinforced with worn tires shreds in the 

investigation of the settlement of the foundation on reinforced soil, these materials were discussed 

(Amelsakhi and Zamani, 2013). Ghazavi and Amelsakhi (2005) studied the effect of weight 

percentage and aspect ratio of waste tires on the shear strength parameters of sand mixed with 

rubber shreds by conducting large direct shear and CBR tests. The results showed that the mixture 

of sand and rubber shreds has better shear resistance than pure sand and the use of these materials 

increases the parameters of soil cohesion and the internal soil friction angle. In the research 

conducted by these researchers, the optimal aspect ratio for worn tires shreds was also obtained 

 

2. Materials and methods 

In this research, three different heights of 6, 9 and 12 meters have been considered for the sheet pile 

in order to investigate the effects of changing the thickness of the reinforced layer on different 

heights. The penetration depth of the shield for the 6, 9 and 12 meter walls was 2.5, 4.5 and 5.5 

meters, respectively. The depth of the boundary of the numerical model is considered to be twice 

the height of the wall, from below the dredging line, and the width of the numerical model is 

considered to be eight times the height of the wall, and the sheet pile wall is located in the middle of 

the width of the model. These dimensions have been considered for all three different wall heights 

(6, 9 and 12 meters) which are investigated in this research. For a comprehensive review of the 

research, several walls with different heights have been examined so that the results can be 

generalized. It should be mentioned that the characteristics of the soils, whether reinforced with 

waste tire shreds or unreinforced soil, are used and cited based on the sources mentioned in the titles 

of the tables. As mentioned, the results of large direct cutting experiments have been used in the 

selection of soil parameters reinforced with tire chips. 

 

 

3. Tests results 

The results of various numerical analyzes carried out in this research show that when sand 

reinforced with rubber shreds is used in the upper third of the embankment, the deformations and 

forces created from the soil side to the embankment have insignificant changes. In other words, the 

results have shown that using of reinforced sand in only one third of the height behind the sheet pile 

did not have a large effect on the reduction of lateral forces. This important result can also be 

obtained from the examination of figures 1 and 2. In these diagrams, it can be seen that most of the 

displacement and the moments created in the sheet pile is related to the lower third of the sheet pile. 

Based on this numerical results, we can rely on the accuracy of the results obtained in this research. 
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4. Conclusion  

A very important point in this research is that by increasing the thickness of the reinforced layer, so 

that the entire embankment is sand reinforced with waste rubber shreds, the lateral displacement 

and bending moment are reduced. It is important to note that using of these materials not only has 

no cost for the project, but also significantly reduces the environmental costs caused by this 

pollutant. Another point is that the presence of waste tire shreds in sandy soil, in addition to 

reinforcing the soil, has reduced the effective weight of the reinforced soil mass, which is also very 

effective in reducing the lateral pressures of the soil, so it will be economical and affordable in the 

design of guard structures, sheet piles and walls. Another important point to be mentioned in 

conclusion is the discussion of drainage behind the sheet piles.The presence of sand reinforced with 

waste rubber shreds provides the possibility of drainage and even makes it easier. 
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