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Abstract 

The aim of the paper is to review the different research manuscripts on wrap faced embankment. Wrap 

faced embankment is basically a sand embankment wrapped around by geotextile layers as a steep 

embankment. This wrap-faced embankment is filled with different characteristics of sand. In this 

research, the wrap faced embankment is model by reduce scale in BUET Geotechnical Lab. The shaking 

table test machine was used to induce earthquake and wave action. The fifteen sensors have been placed 

in the wrap faced embankment and clay soil layer which was discussion on Hore et al. 2022. The 

different soil characteristics like accelerations, displacement, pore water pressure and strain has been 

analyzed in this research. This embankment showed better response to the earthquakes and wave action 

means stable to seismic and wave action. The results of the research have also been verified by 

numerical analysis by PLAXIS 3D software. Without knowing the characteristics of the wrap faced 

embankment during the earthquake, it is impossible to build this type earthquake/ wave resisting 

embankment. The dynamic behavior of wrap faced embankment on soft soil in Bangladesh has been 

invented by the Hore’s research. Now, it is possible to design and construction of earthquake/ wave 

resistance wrap faced embankment on soft Bangladeshi soil.  
 

Introduction 

The seismic behavior under dynamic loads, these series of tests was performed using two 

different slope angles, and reinforcements (Latha and Krishna 2006; 2008, Krishna and Latha 

2007 and Sabermahani et al. 2009, Latha and Nandhi Varman 2014).  The research on seismic 

response of slurry wall and sandy soil was presented by (Xiao et al. 2014). Zhang et al. (2009) 

effectively performed more tests to investigate the behavior of excess pore water pressure in 

different soft soil-foundation. Latha and Manju (2016) described the performance of geo-cell 

retaining walls inside a laminar box which were under seismic shaking conditions. The shake 

table test on the different dynamic loading based on the slopy area developed a calibrated 

numerical model and analyzed the input ground motions (Krishna and Bhattacharjee, 2019 and 

Yu et al., 2017)) at the base of the rigid-faced reinforced soil-retaining wall. A recent study by 

Gidday and Mittal (2020) on reinforced soil retaining wall on soil which is facilitated by the 

shake table test. The embankment analysis of the soft clay soil in Bangladesh is the vital effect 

on the soil structure interaction. The experimental and numerical analysis (PLAXIS 3D) which 

were performed by the shaking table platform with laminar box on soft clay soil. The dynamic 

soil analysis platform is very significant for the analysis of the soil behavior as per seismic 

response. Moreover, cyclic loading is the vital role on the analysis of the Bangladeshi soft soil 

(Hore et al. 2021 and 2022).  
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In this research, the response of earthquake and wave action on the soft soil in Bangladesh has 

been analyzed where the different soil type of wrap faced embankment (local and Sylhet sand) 

on the shaking table test machine used in the experiment Subjected to cyclic loading. This 

paper is reviewed the different research paper from 2020 to 2022 on wrap Faced embankment 

at lab of Bangladesh University of Engineering and Technology (BUET). 

 

1. Shaking Table, Laminar Box and Testing 

A computer-controlled servo-hydraulic single degree of freedom shaking table facility was 

used in this experiment, where the platform used for testing was made of steel, the measurement 

is of 2 m by 2 m size, and with a payload capacity of 1500 Kg. as shown in Figure 1 (Hore et 

al. 2022). The acceleration range is 0.05g to 2g. A frequency range is 0.05Hz to 50 Hz. The 

maximum amplitude was ±200 mm. The maximum velocity was 30 cm/sec. Twenty-four (24) 

hollow aluminum layers of a large-sized shear box is used for this experiment. The friction 

between the layers is minimum, as shown in Figure 1. In the present study, the height of clay 

soil foundation is 300 mm. On the other hand, the thickness of the sand blanket is 50 mm as 

shown in Figure 2 (Chakraborty et al. 2022). The prototype to model scale being N=10 and 

scale factor 1/N. Figure 3 (Hore et al. 2021) shows the Wrap-faced soil retaining wall. 

 

 

 

 

 

                 

 

 

 

 

                                    Figure 1. Seismic analysis of the model embankment 

Figure 2: Experimental setup.                                 Figure 3: Wrap-faced geotextile reinforced 

 

1. Results and Discussion 
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Displacement profile with respect to surcharge and base acceleration has been analyzed in the 

results and discussion section. Horizontal face displacement along the height of the wall was 

scrutinized based on different sinusoidal motion where different frequency and acceleration 

level are fixed presented in Figures 4 to 5 (Hore et al. 2021). Here elevation is denoted as z and 

horizontal displacements as δh are presented in non-dimensional from after normalizing. The 

height of the wall is denoted as H. Figure 4 depicts the normalized displacement profile for 

different base accelerations of 0.05g, 0.10g, 0.15g and 0.20g. The tests are ST72, ST80, ST88, 

and ST96 respectively. From the Figure a maximum horizontal displacement of 2.26% of the 

total wall height (H), for 0.20g, was observed compared with 2.16% for 0.05g base 

accelerations. The maximum displacement is 9.06 mm at a acceleration of 0.2g, whereas it is 

decreased to 8.67 mm at a acceleration of 0.05g.. The numerical analysis results are 3.97% and 

3.85% higher than the experimental results respectively. The effect of different surcharge 

loadings of 1.72 kPa, 1.12kPa and 0.7kPa as shown in Figure 5. The displacement response 

against surcharge variation was inversely proportional at all elevations. The maximum 

displacement of the wall was (δh/H=2.19%) at a surcharge pressure of 0.7 kPa, whereas it was 

decreased to (δh/H=2.10%) at a surcharge pressure of 1.72 kPa. The numerical analysis results 

are 3.57% and 3.67% higher than the experimental results respectively. 

 

Figure 4: Displacement profile (base acceleration)          Figure 5: Displacement profile 

(surcharge) 

 

2. Conclusions and Summary 

The behavior of wrapped-face retaining wall has a significant effect on the soft clay soil in 

Bangladesh which was presented in Hore et al. 2020 to 2022. Accelerations at the top of the 

wall were inversely proportional to the surcharge pressures and acceleration response against 

frequency variation is not directly proportional. On the other hand, acceleration amplifications 

were increased with increased base accelerations which are proved in the experimental results. 

Moreover, in all cases, numerically obtained values are higher than the experimental results. 

The experimental result is found to be lower than the numerical result that is used in PLAXIS 

aa.grf

Normalised face Displacement, h/H (%)

N
o

r
m

a
li

s
e
d

 E
le

v
a

ti
o

n
, 

z
/H

2 2.04 2.08 2.12 2.16 2.2 2.24 2.28 2.32 2.36 2.4

0.3

0.33

0.36

0.39

0.42

0.45

0.48

0.51

0.54

0.57

0.6

0.63

0.66

0.69

0.72

0.75

0.78

0.81

0.84

0.87

0.9

Test no.     Acce.

ST72       0.05g

ST72(P)    0.05g

ST80         0.1g

ST80(P)    0.1g

ST88       0.15g

ST88(P)   0.15g

ST96        0.2g

ST96(P)   0.2g

surc.grf

Normalised face Displacement, h/H (%)

N
o
r
m

a
li

s
e
d

 E
le

v
a
ti

o
n

, 
z
/H

1.98 2.01 2.04 2.07 2.1 2.13 2.16 2.19 2.22 2.25 2.28 2.31

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

Test no.     Surch.

ST32   1.72 kPa

ST32(P) 1.72 kPa

ST64   1.12 kPa

ST64(P) 1.12 kPa

ST96  0.7 kPa

ST96(P) 0.7 kPa



Volume 1, Issue 4, July 2023  ISSN (E): 2938-3757 

 

17 | P a g e  
 
 

3D for all parameters. These research outcomes are very helpful to analysis of the future 

research on dynamic behavior of soft soil and forecast a future scenario of the soil profile 

specially the middle and southern part of the country. 

 

References 

1. Bathurst, R.J., Hatami, K. (1998). Seismic response analysis of a geosynthetic reinforced 

soil retaining wall. Geosynthetics International 5 (1–2), pp. 127–166. DOI: 

https://doi.org/10.1680/gein.5.0117 

2. Cengiz, C., &Guler, E. (2018). Shaking table tests on geosynthetic encased columns in 

soft clay. Geotextiles and Geomembranes, 46(6), pp. 748-758. DOI: 

https://doi.org/10.1016/j.geotexmem.2018.07.009 

3. Chakraborty, S., Hore, R. Ahmed, F., Ansary, M. A., Soft ground improvement at the 

Rampal Coal Based Power Plant Connecting Road Project in Bangladesh, Geotechnical 

Engineering Journal of the SEAGS & AGSSEA, AIT December 2017. 

4. Chakraborty, S., Hore, R., Shuvon, A. M., Ansary, M. A, Dynamic Responses of 

Reinforced Soil Model Wall on Soft Clay Foundation, Geotechnical and Geological 

Engineering, January 2021. (https://doi.org/10.1007/s10706-020-01665-z) 

5. Chakraborty, S., Hore, R., Shuvon, A. M., Ansary, M. A, Physical and numerical analysis 

of reinforced soil wall on clayey foundation under repetitive loading: effect of fineness 

modulus of backfill material, Arabian Journal of Geosciences, June 2021. 

(DOI:10.1007/s12517-021-07317-7) 

6. Chakraborty, S., Hore, R., Shuvon, A.M. et al. Effect of Surcharge Pressure on Model 

Geotextile Wrapped-Face Wall Under Seismic Condition. Iran J Sci Technol Trans Civ 

Eng (2022). https://doi.org/10.1007/s40996-022-00900-2 

7. El-Emam, M. M., Bathurst, R. J. (2007). Influence of reinforcement parameters on the 

seismic response of reduced-scale reinforced soil retaining walls. Geotextiles and 

Geomembranes 25 (1), pp. 33–49. DOI: https://doi.org/10.1016/j.geotexmem.2006.09.001 

8. Gidday, B.G. & Mittal, S. (2020). Dynamic response of wrap-faced cement treated 

reinforced clayey soil retaining walls. Innov. Infrastruct. Solut. 5, 42, pp. 1-9. DOI: 

https://doi.org/10.1007/s41062-020-00295-x 

9. Guan, Y., Zhou, X., Yao, X., & Shi, Y. (2019). Seismic performance of prefabricated 

sheathed cold-formed thin-walled steel buildings: Shake table test and numerical 

analyses. Journal of Constructional Steel Research, p. 105837.DOI: 

https://doi.org/10.1016/j.jcsr.2019.105837 

10. Hore, R. & Ansary M. A., SPT-CPT Correlations for Reclaimed Areas of Dhaka, Journal 

of Engineering Science, JES, KUET, June 2018.  

11. Hore, R., M. R. Arefin, Ansary, M. A., Development of Zonation Map Based on Soft Clay 

for Bangladesh, Journal of Engineering Science 10(1), 2019, 13-18 

12. Hore, R., Chakraborty, S., Ansary, M. A., Field Investigation to Improve Soft Soils Using 

Prefabricated Vertical Drain, Transportation Infrastructure Geotechnology, September 

2019. (https://doi.org/10.1007/s40515-019-00093-8). 

13. Hore, R., Chakraborty, S., Shuvon, A. M., Ansary, M. A., Effect of Acceleration on Wrap 

Faced Reinforced Soil Retaining Wall on Soft Clay by Performing Shaking Table Test, 

Proceedings of Engineering and Technology Innovation, 2020. 

https://doi.org/10.1680/gein.5.0117
https://doi.org/10.1016/j.geotexmem.2018.07.009
https://doi.org/10.1007/s10706-020-01665-z
https://doi.org/10.1016/j.geotexmem.2006.09.001
https://doi.org/10.1007/s41062-020-00295-x
https://doi.org/10.1016/j.jcsr.2019.105837
https://doi.org/10.1007/s40515-019-00093-8


Volume 1, Issue 4, July 2023  ISSN (E): 2938-3757 

 

18 | P a g e  
 
 

14. Hore, R., Chakraborty, S., Bari, M. F., Shuvon, A. M., Ansary, M. A., Soil Zonation and 

The Shaking Table Test of The Embankment on Clayey Soil, Geosfera Indonesia, August 

2020 (DOI: https://doi.org/10.19184/geosi.v5i2.17873) 

15. Hore, R., Chakraborty, S., Ansary, M. A., Experimental Investigation of Embankment on 

Soft Soil Under Cyclic Loading: Effect of Input Surcharges, Journal of Earth Engineering 

(JEE) Vol. 5, No. 1, (2020). 

16. Hore, R., Ansary, M. A., Different Soft Soil Improvement Techniques of Dhaka Mass 

Rapid Transit Project, Journal of Engineering Science 11(2), 2020, 37-44. 

(https://doi.org/10.3329/jes.v11i2.50896) 

17. Hore, R., Al-Mamun. S., Climate Change and its diverse impact on The Rural 

Infrastructures in Bangladesh, Disaster Advances, Vol. 13 (9) September (2020). 

18. Hore, R., Chakraborty, S., Ansary, M. A., “Liquefaction Potential Analysis based on CPT 

and SPT” Geotechnical Engineering Journal of the SEAGS & AGSSEA, December 2020 

19. Hore, R., Chakraborty, S., Ansary, M. A., Seismic Response of Embankment on Soft Clay 

Based on Shaking Table Test, International Journal of Geosynthetics and Ground 

Engineering, March 2021. (https://doi.org/10.1007/s40891-020-00246-7) 

20. Hore, R., Chakraborty, S., Shuvon, A. M., Ansary, M. A., Dynamic Response of 

Reinforced Soil Retaining Wall Resting on Soft Clay, Transportation Infrastructure 

Geotechnology, February 2021. (https://doi.org/10.1007/s40515-021-00156-9). 

21. Hore, R., Chakraborty, Kamrul, K. S., Shuvon, A. M. and Ansary, M. A., Numerical 

Verification for Seismic Response of Reinforce Soil Embankment on soft Clay foundation, 

Geotechnical Engineering Journal of the SEAGS & AGSSEA, 53(2), 18-28, June 2022. 

22. Koerner, R. M. (1999). Designing with Geosynthetics, 4th edition, Prentice Hall, NJ, p. 

761. 

23. Kokusho, T., (1980). Cyclic triaxial test of dynamic soil properties for wide strain range. 

Soils and foundations 20, 45–60. DOI: https://doi.org/10.3208/sandf1972.20.2_45 

24. Kramer, S. L. (1996). Geotechnical Earthquake Engineering, Prentice Hall, Upper Saddle 

River, NJ, p. 653. 

25. Krishna, A. M., & Bhattacharjee, A. (2017). Behavior of rigid-faced reinforced soil-

retaining walls subjected to different earthquake ground motions. International Journal of 

Geomechanics, 17 (1), p. 06016007. DOI: https://doi.org/10.1061/(ASCE)GM.1943-

5622.0000668 

26. Krishna, A. M., & Bhattacharjee, A. (2019). Seismic Analysis of Reinforced Soil 

Retaining Walls. In Geotechnical Design and Practice, Springer, Singapore, pp. 159-171. 

DOI: https://doi.org/10.1007/978-981-13-0505-4_14 

27. Krishna, A. M., Latha, G. M. (2007). Seismic response of wrap-faced reinforced soil-

retaining wall models using shaking table tests. Geosynthetics International, 14(6), pp. 

355-364. DOI: https://doi.org/10.1680/gein.2007.14.6.355 

28. Latha, G. M., Krishna, A. M. (2006). Shaking table studies on reinforced soil retaining 

walls. Indian Geotechnical Journal, 36(4), pp. 321-333. 

29. Latha, G. M., Krishna, A. M. (2008). Seismic response of reinforced soil retaining wall 

models: influence of backfill relative density. Geotextiles and Geomembranes, 26(4), pp. 

335-349. DOI: https://doi.org/10.1016/j.geotexmem.2007.11.001 

https://doi.org/10.19184/geosi.v5i2.17873
https://doi.org/10.3329/jes.v11i2.50896
https://doi.org/10.1007/s40891-020-00246-7
https://www.researchgate.net/publication/349588068_Dynamic_Response_of_Reinforced_Soil_Retaining_Wall_Resting_on_Soft_Clay?_sg=I0tN_NID26lJUxoXMS8w-Popwy1J72cXCbz8MPZ9VqxZtVat4hinU05iznQLUJTPor-C646xJWFWZN1KDx-4h2FqnJRxUyGb0XyR7kWA.xkgBD9etbpN44NkAFQKJI_uW7P2eJnWkBHIwI_gi5BJtsUVHJaMTohwr_aWY-sU3nNL_JlfKicXAmlAMYeTmeQ
https://www.researchgate.net/publication/349588068_Dynamic_Response_of_Reinforced_Soil_Retaining_Wall_Resting_on_Soft_Clay?_sg=I0tN_NID26lJUxoXMS8w-Popwy1J72cXCbz8MPZ9VqxZtVat4hinU05iznQLUJTPor-C646xJWFWZN1KDx-4h2FqnJRxUyGb0XyR7kWA.xkgBD9etbpN44NkAFQKJI_uW7P2eJnWkBHIwI_gi5BJtsUVHJaMTohwr_aWY-sU3nNL_JlfKicXAmlAMYeTmeQ
https://doi.org/10.1007/s40515-021-00156-9
https://doi.org/10.3208/sandf1972.20.2_45
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000668
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000668
https://doi.org/10.1007/978-981-13-0505-4_14
https://doi.org/10.1680/gein.2007.14.6.355
https://doi.org/10.1016/j.geotexmem.2007.11.001


Volume 1, Issue 4, July 2023  ISSN (E): 2938-3757 

 

19 | P a g e  
 
 

30. Latha, G. M., Manju, G. S. (2016). Seismic Response of Geocell Retaining Walls Through 

Shaking Table Tests.International Journal of Geosynthetics and Ground Engineering, 

2(1), p.7. DOI: https://doi.org/10.1007/s40891-016-0048-4 

31. Latha, G. M., Nandhi Varman, A. M. (2014). Shaking table studies on geosynthetic 

reinforced soil slopes. International Journal of Geotechnical Engineering, 8(3), pp. 299-

306. DOI: https://doi.org/10.1179/1939787914Y.0000000043 

32. Matsuo, O., Tsutsumi, T., Yokoyama, K., Saito, Y., (1998). Shaking table tests and 

analysis of geosynthetic-reinforced soil retaining walls. Geosynthetics International 5 (1–

2), pp. 97–126. DOI: https://doi.org/10.1680/gein.5.0116 

33. Nova-Roessig, L., & Sitar, N. (1999). Centrifuge model studies of the seismic response of 

reinforced soil slopes. In Earthquake geotechnical engineering, pp. 679-684. 

34. Reitherman, Robert (2012). Earthquakes and Engineers: An International History. 

Reston, VA: American Society of Civil Engineers. pp. 126–127. DOI:  

https://doi.org/10.1061/9780784410714 

35. Richardson, G. N., Lee, K. L. (1975). Seismic design of reinforced earth walls. Journal of 

the Geotechnical Engineering Division, ASCE, 101, No. 2, pp.167–188. 

36. S. Sahoo, B. Manna. K. G. Sharma (2019), Seismic Response of a Steep Nailed Soil Slope: 

Shaking Table Test and Numerical Studies, Geotechnics for Transportation Infrastructure, 

pp. 611-623. DOI: https://doi.org/10.1007/978-981-13-6701-4_39 

37. Siavoshnia, M., Kalantari, F., &Shakiba, A. (2010 ). Assessment of geotextile reinforced 

embankment on soft clay soil. In Proceedings of The 1st International Applied Geological 

Congress, Department of Geology, Islamic Azad University, pp. 1779-1784. 

38. Sabermahani, M., Ghalandarzadeh, A., Fakher, A. (2009). Experimental study on seismic 

deformationmodes of reinforced-soil walls. Geotextiles and Geomembranes, 27(2), pp. 

121-136. DOI: https://doi.org/10.1016/j.geotexmem.2008.09.009 

39. Sakaguchi, M. (1996). A study of the seismic behaviour of geosynthetic reinforced walls 

in Japan. Geosynthetics International. 3 (1), pp. 13–30. DOI: 

https://doi.org/10.1680/gein.3.0051 

40. Sakaguchi, M., Muramatsu, M., Nagura, K. (1992). A discussion on reinforced 

embankment structures having high earthquake resistance. Proceedings of the 

International Symposium on Earth Reinforcement Practice, IS-Kyushu ’92, Fukuoka, 

Japan, Vol. 1, pp. 287–292. 

41. Viswanadham, B. V. S., & Mahajan, R. R. (2007). Centrifuge model tests on geotextile-

reinforced slopes. Geosynthetics International, 14(6), 365-379. DOI: 

https://doi.org/10.1680/gein.2007.14.6.365 

42. Xiao, M., Ledezma, M., Hartman, C. (2014). Shake Table Test to Investigate Seismic 

Response of a Slurry Wall. In Geo-Congress 2014: Geo-characterization and Modeling 

for Sustainability, pp. 1234-1243. DOI: https://doi.org/10.1061/9780784413272.120 

43. Yazdandoust, M. (2017). Investigation on the seismic performance of steel-strip 

reinforced-soil retaining walls using shaking table test. Soil Dynamics and Earthquake 

Engineering, 97, pp. 216-232. DOI:https://doi.org/10.1016/j.soildyn.2017.03.011. 

https://doi.org/10.1007/s40891-016-0048-4
https://doi.org/10.1179/1939787914Y.0000000043
https://doi.org/10.1680/gein.5.0116
https://books.google.com/books?id=nM_muqMBrRYC
https://doi.org/10.1061/9780784410714
https://doi.org/10.1007/978-981-13-6701-4_39
https://doi.org/10.1016/j.geotexmem.2008.09.009
https://doi.org/10.1680/gein.3.0051
https://doi.org/10.1680/gein.2007.14.6.365
https://doi.org/10.1061/9780784413272.120
https://doi.org/10.1016/j.soildyn.2017.03.011

