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Abstract 

 

Embankment failure is a common problem at riverside, with seepage being the primary cause of earthen 

embankment collapse. Sirajganj City Protection Embankment is constructed to protect Sirajganj city from 

unexpected flood. Highest water level was recorded by BWDB 2.12 m (on 31-08-1988) from the base of the 

embankment. But we have experienced several failures of this embankment. At 41 locations of its bank, the 

length of failure occurring is about 160.62 km. This study explores the seismic response of the embankment at a 

3 m water level under earthquake accelerations of 0.075g, 0.15g, and 0.2g. It also evaluates seepage behavior at 1 

m, 2 m, and 3 m water levels, as well as the impact of certain inevitable assumptions incorporated into the 

numerical model. A numerical investigation of the Sirajganj City Protection Embankment is presented in this 

paper. Using the finite element method, seepage rates were simulated with SEEP/W, while QUAKE/W was 

employed to analyze displacement, relative displacement, and dynamic performance under seismic loading. The 

findings reveal that the embankment becomes unstable under a 0.2g earthquake, and the seepage rate increases 

with rising water levels, making the structure more vulnerable to blowout failure near the downstream toe. 
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1 Introduction 

 

Embankments are critical structures for flood control, particularly in river-adjacent areas such as Sirajganj, 

Bangladesh. Nonetheless, their structural integrity is often affected by seepage and seismic activity, which are 

among the leading causes of failure in earthen embankments. Seepage takes place when water moves through the 

body or foundation of the embankment, typically following the phreatic line. When not properly controlled, this 

process can cause internal erosion, piping, and slope failure. According to earlier research, a large proportion of 

earthen dam failures have been linked to seepage-related mechanisms (Zhang et al., 2007). The development of 

advanced numerical modeling software, such as SEEP/W, has enhanced the ability to predict seepage behavior 

by incorporating both saturated and unsaturated flow conditions (GEO SLOPE, 2007). In seismic zones, 

earthquake-induced shaking introduces additional challenges. Ground motion can trigger liquefaction, increase 

pore water pressure, and cause significant deformation. The dynamic behavior of embankments has been 

explored using finite element methods, with QUAKE/W enabling simulations of acceleration, displacement, and 

stability under seismic loads (Cascone & Rampello, 2003). Research on embankments like Liyutan Dam and 

Peru Dam shows that deformation behavior is closely linked to the material's saturation and the intensity of 

seismic loading (Feng et al., 2010; Swaisgood & Oliveros, 2003). 

 

This study focuses on the Sirajganj City Protection Embankment, which has experienced multiple failures over 

the years. It aims to (1) analyze seepage behavior at varying water levels and (2) evaluate seismic responses 

under different ground accelerations using SEEP/W and QUAKE/W within the GeoStudio platform. The 

findings provide important insights into the safety and performance limits of this critical infrastructure. 

 

2 Study Location and Materials 

 

The Sirajganj City Protection earthen embankment is situated in the Sadar Upazila of Sirajganj district, 

Bangladesh (see figure 1). This embankment was primarily constructed using silty soils. According to the CSSC 

(USDA), the material is classified as soil containing 80 percent or more silt and less than 12 percent clay. The 

soil sample was obtained from Ranigram Road by LGED, and the corresponding test data was provided by the 

LGED office in Sirajganj. 
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Figure 1. Location of study area 

 

Table 1. Material Properties for Seepage Analysis 

 

Parameter 
 

Embankment Material Unit 

Material mode Saturated/unsaturated 
  

Hydraulic conductivity Embankment conductivity Saturated Kx = 1e-006 m/s 

Residual water content = 0.123 M3/m3 

Volumetric water content Silt water content function Saturated water content = 0.48 M3/m3 

Sample material = silt 
 

 

Table 2. Material Properties for Seismic Analysis 

 

Parameter Unit  Embankment Material 

Unit weight (γ) KN/m³ 16.4 

Poisson’s Ratio (ν) 
 

0.334 

Damping Ratio (ξ) 
 

0.1 

Shear Modulus (Gmax) Kpa 5000 

 

3 Methodology 

 

3.1 Model Construction 

The embankment is 4 m high with an upstream slope 3H:1V and downstream side slopes 3H:1V. The top and 

base width of the embankment are 5m and 34m including a berm of width 5m. 

 

 
 

Figure 2. Model of the Embankment 
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3.2 Seepage Analysis Using SEEP/W and Seismic Response by QUAKE/W 

The seepage analysis was performed using SEEP/W to model groundwater flow through the embankment under 

different water levels. The finite element analysis calculated the phreatic line and seepage rates by defining the 

geometry, material properties, and boundary conditions. For seismic response, QUAKE/W analyzed the 

embankment's dynamic behavior under earthquake accelerations (0.075g, 0.15g & 0.2g). The time-history 

analysis determined displacements and acceleration by incorporating dynamic soil properties into the model 

geometry. Both analyses followed standard finite element procedures for model setup and solution. 

 

 

4 Results 

 

4.1 Seepage Analysis 

Phreatic line intersects downstream face at 2m and 3m. 

 

 
 

 

Figure 3. Flux section at 1m 

 

 

Figure 4. Flux section at 2m 

 

 

 
 

 

Figure 5. Flux section at 3m                                         

 

             Figure 6. Seepage rate vs. water Level 

 

 

  
 

Figure 7. Total head contour at 1m 

 

Figure 8. Pore water pressure at 1m 

  
 

Figure 9. Total head contour at 2m 

 

Figure 10. Pore water pressure at 2m 

 



M. R. Islam, M. A. Hossain & M. Kumruzzaman 

ICCEI 2025 
 

888 

 

  
 

Figure 11. Total head contour at 3m 

 

Figure 12. Pore water pressure at 3m 

 

4.2 Seismic Response 

 

 
 

Figure 13. Selecting Shaded Area for Finding Displacement and Relative Displacement 

 

Displacement increases with acceleration: 0.075g → 4 cm, 0.15g → 8 cm & 0.2g → 13 cm 

 

  
 

Figure 14. HD vs. time for 0.075g 

 

 

Figure 15. HD vs. time for 0.15g 

 

 
 

 

Figure 16. Horizontal Displacement (HD) vs. time 

for acceleration 0.2g 

 

Figure 17. Deflected shape of the Embankment for 

acceleration 0.2g 
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Figure 18. RD for acceleration 0.075g 

 

 

Figure 19. RD for acceleration 0.15g 

 
 

Figure 20. Relative Displacement (RD) for acceleration 0.2g 

 

  
 

Figure 21. Acceleration Response for 0.075g 

 

  
 

Figure 22. Acceleration Response for 0.15g 

 

  
 

Figure 23. Acceleration Response for 0.2g 
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5 Discussions 

 

The analysis of seepage behavior (Figures 3-12) shows that higher water levels result in higher seepage rates 

(Figure 6): 2.9756e-008 m3/s/m at 1m (Figure 3), 9.4071e-008 m3/s/m at 2m (Figure 4), and 2.0965e-007 

m3/s/m at 3m (Figure 5). The total head distribution (Figures 7, 9, 11) varies with water level and decreases from 

the upstream river side to the downstream city side. Pore water pressure (Figures 8, 10, 12) is highest at the base 

of the embankment and increases as water level rises. The seismic analysis (Figures 13-23) demonstrates that 

displacement increases with earthquake acceleration, peaking at 13 cm under 0.2g excitation (Figure 16) and 

deflected shape (Figure 17). The maximum acceleration occurs at the embankment top, reaching 0.43g for a 0.2g 

input (Figure 23), while relative displacements (Figures 18-20) for 0.075g, 0.15g & 0.2g are 0.35 cm, 0.7cm & 

0.9 cm respectively. 

 

 

6 Conclusions 

 

The following conclusions were drawn from the obtained results: With rising water levels, both pore water 

pressure and seepage discharge increase notably. When the water level equals or exceeds 2 meters, the phreatic 

line (Figures 4-5) intersects the downstream slope, indicating a possible risk of seepage-induced failure. 

Regarding earthquake stability, for a 4-meter-high embankment exposed to a 3-meter water level, seismic 

displacement remains within acceptable limits at 4 cm (1% of the height) under 0.075g acceleration (Figure 14). 

However, the displacement increases to 8 cm (2%) at 0.15g (Figures 15), indicating the need for further 

assessment, and reaches 13 cm (3.25%) at 0.2g (Figures 16), which exceeds the allowable deformation threshold 

and suggests potential instability. 
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