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ABSTRACT: Dynamic response analysis of shallow foundation in time-varying motion is very much essential in the 

present days. As the seismic events are unpredictable, it draws the attention of researchers towards the response of the soil 

foundation system against dynamic loading. Hence, in the present study an attempt has been made to investigate the 

dynamic response of a shallow foundation (continuous footing) resting on different layered soil deposits subjected to 

seismic loadings. The layered soil deposits considered for the analysis are; weak clay underlain by stiff clay (Case I) and 

loose sand underlain by stiff clay (Case II). In addition, comparative studies have been made considering the parameters 

like layered soil types (Case I and II), water table effects (dry and partially saturated) and seismic loadings (Bhuj 

earthquake: Mw-7.7 and Nepal earthquake: Mw-7.8) conditions. The modeling of the soil foundation system has been 

carried out using 2-dimensional finite element software CyclicTP. The response of the dynamic analysis of shallow 

foundation on layered soils are presented in the form of peak acceleration; horizontal and vertical displacement; shear 

stress versus shear strain and excess pore pressure variations at different locations. The results of the analysis indicate that 

the peak acceleration, horizontal and vertical displacements are more in both the cases (I and II) under the excitation of 

Nepal earthquake than the Bhuj earthquake motion. Also, it is observed that the response in terms of peak acceleration, 

horizontal and vertical displacement are more in partially saturated state than in dry state for both the earthquake motions. 

KEYWORDS: dynamic response, seismic loading, nonlinear analysis, peak acceleration, displacement history.

1  INTRODUCTION 

The response analysis of a system to any dynamic load 

such as blasting, explosions, earthquake, etc. is very 

much essential in the present days. As the earthquake 

events are unpredictable, it draws the attention of 

researchers towards the response analysis of soil- 

foundation system against earthquake loading. The 

response of the soil foundation system depends on the 

nature of the soil, type of loading and the type of 

foundation. The response of the soil foundation system 

during seismic events is of great importance and it may 

be directly related to the damage and loss of life and 

property. Many researchers have performed numerical 

analysis on the seismic response and settlement of 

foundation and structures resting on different soils [1, 

5, 10, 12-13]. Study on liquefaction of soil,its effects 

on footings and buildings have been investigated by 

many researchers [2-4, 11]. Also, studies have been 

done on dynamic behavior and liquefaction evaluation 

of Indian pond ash samples [6-9].  

As the determination of the response of a soil 

foundation system is demanding in a layered soil 

deposit than in homogeneous soil deposit, it is 

attempted to investigate the dynamic response of a 

shallow foundation (continuous footing) resting on 

different layered soil deposits (Case I: weak clay 

underlain by stiff clay, and Case II: loose sand 

underlain by stiff clay) subjected to seismic loadings. 

Also, comparative studies have been made considering 

the parameters like layered soil types (Case I and II), 

water table effects (dry and partially saturated) and 

seismic loadings (Bhuj: Mw-7.7 and Nepal: Mw-7.8 

earthquakes) conditions.  The results of the analysis 

were presented in terms of acceleration, displacement 

and pore pressure time history, shear stress variation 

with shear strain at different locations. 

2  INPUT DATA 

The following parameters are considered for the 

dynamic response analysis of shallow foundation 

resting on layered soil deposit. 

2.1 Foundation parameters 

Foundation width (B): 1.5m, height above ground 

surface: 0.4m, depth below ground surface: 1m, 

Young’s modulus of concrete: 25E+6 kPa, Poisson’s 

ratio: 0.3, mass density: 2300 kg/m
3
. 

2.2 Soil parameters 

The soil domain has a width of 15m and a depth of 

15m and the water table is considered at a depth of 2m 

below the ground surface. Hard rock has been 

considered at a depth of 15m below the ground surface. 
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Table 1 represents the details of soil parameters 

considered in the present study. 

Table 1 Details of soil parameters considered 

Cas

e 

Layer 

No. 

Thick

(m) 

Soil type (Vs in m/sec) 

 

I 

1 2.5 Cohesive soft( Vs=100) 

2 3 Cohesive stiff (Vs=300) 

3 3 Cohesive stiff (Vs=300) 

4 6.5 Cohesive stiff (Vs=300) 

 

II 

1 2.5 Cohesionless loose 

(Vs=185) 

2 3 Cohesive stiff (Vs=300) 

3 3 Cohesive stiff(Vs=300) 

4 6.5 Cohesive stiff (Vs=300) 

2.3 Input motions 

Input motions considered for the analysis are Bhuj 

earthquake (Mw=7.7, 2001) and Nepal earthquake 

(Mw=7.8, 2015). Peak acceleration value noticed for 

Bhuj and Nepal earthquake are 0.106g at 46.94 sec and 

0.1639g at 49.31 sec respectively. Typical diagram of 

input motion of Bhuj and Nepal earthquake used in the 

present analysis is shown in Figure 1. 

 

 

 

 

 

Fig. 1 Acceleration time history of (a) Bhuj and (b) Nepal 

earthquake 

3 NUMERICAL MODELLING 

The modeling of the soil foundation system has been 

carried out using 2-dimensional finite element software 

CyclicTP. Cyclic TP is a PC-based graphical pre-

processor and post-processor (user-interface) for 2- 

dimensional finite element analysis of shallow 

foundations subjected to seismic excitations. Both 

linear analysis (with viscous damping) and nonlinear 

analysis (plasticity based nonlinear soil compatibility) 

can be performed by this program. 9 (solid phase)–4 

(fluid phase) noded quadratic element has been 

employed for modeling the soil domain. The soil 

domain has a total number of 1246 elements. A Typical 

representation of generated finite element mesh of the 

soil domain (Case-I) is shown in Figure 2. The 

boundary conditions considered in the finite element 

modeling of the foundation soil system are: (i) at any 

given depth, displacement-degrees of freedom of the 

left and right boundaries were tied together both 

horizontally and vertically, (ii) the soil surface was 

traction free, with zero prescribed pore pressure, and 

(iii) the base and lateral boundaries were impervious. 

 

 

 

 

 

 

 

Fig. 2 Generated finite element mesh of the soil domain 

(Case I) 

4 RESULTS AND DISCUSSIONS 

Here, the results of 2D dynamic response analysis of 

shallow foundation are presented in terms of 

acceleration, displacement, stress-strain and excess 

pore pressure responses. The results are discussed in 

the following sections. 

 4.1 Acceleration responses 

The acceleration responses have been recorded at 

different depths of the soil domain. Typical diagram of 

acceleration time history and PGA variation with depth 

for partially saturated soil of case-I under the excitation 

of Bhuj earthquake are presented in Figure 3 and 4 

respectively. The Peak Ground Acceleration (PGA) 

value of 1.7745 m/s
2
 is observed at 47.07 sec for case-I 

partially saturated soil under Nepal earthquake as input 

motion.  

 

 

 

 

 

 

Fig. 3 Acceleration time history for partially saturated soil 

of case-I at 0 m from the centre of footing (Mw: 7.7) 

 

 

 

 

 

 

Fig. 4 Variation of acceleration with depth for partially 

saturated soil of case-I (Mw: 7.7) 

(a) (b) 
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It is observed that PGA value is more in case-I than in 

case-II soil (Table 2). Also, PGA values are found to 

be more in partially saturated condition than in dry 

condition for both the cases under the considered input 

motions. 

Table 2 Variation of Peak Ground Acceleration (PGA) at 

different locations 
Ca

se 

Conditio

n 

Mw PGA (m/s2) 

Distance from footing 

centre 

Centre 0.5B 

(R) 

1.5B 

(R) 

3B (R) 

 

 

 

I 

Dry 7.7 0.6510 0.6510 0.6429 0.6417 

7.8 1.7688 1.7688 1.7689 1.7684 

Partially 

saturated 

(PS) 

7.7 0.6585 0.6585 0.6515 0.6466 

7.8 1.7740 1.7740 1.7744 1.7745 

 

 

II 

Dry 7.7 0.5938 0.5938 0.5922 0.5953 

7.8 1.7405 1.7405 1.7412 1.7415 

Partially 

saturated 

(PS) 

7.7 0.597 0.597 0.596 0.599 

7.8 1.7439 1.7439 1.7447 1.744 

4.2 Displacement responses 

The displacement responses have been recorded at 

different depths of the soil domain. Typical diagram of 

horizontal displacement variation with depth for 

partially saturated soil of case-I under the excitation of 

Bhuj earthquake is presented in Figure 5. The peak 

horizontal and vertical displacements are found to be 

1.3805 m and 0.0138 m respectively under Nepal input 

motion (Table 3 and 4). The horizontal displacement is 

observed to be more at the centre location. The vertical 

displacement values are found to be very less as 

compared to horizontal displacement. Hence, the 

possibility of lateral spreading is more in partially 

saturated soils under the considered input motions. 

 

 

 

 

 

 

 

Fig. 5 Variation of horizontal displacement with depth for 

partially saturated soil of case-I (Mw: 7.7) 

Table 3 Variation of horizontal displacement at different 

locations 
Ca

se 

Condition Mw Horizontal Displacement (m) 

Distance from footing 

centre 

Centre 0.5B 

(R) 

1.5B 

(R) 

3B (R) 

 

 

I 

Dry 7.7 0.161 0.161 0.161 0.161 

7.8 1.2495 1.2495 1.2492 1.2493 

Partially 

saturated 

7.7 0.1641

6 

0.16416 0.1641

4 

0.1641

1 

(PS) 7.8 1.3083 1.3083 1.3081 1.3081 

 

 

II 

 

Dry 

7.7 0.1648 0.1648 0.1648 0.1648 

7.8 1.3042 1.3042 1.304 1.3041 

Partially 

saturated 

(PS) 

7.7 0.1674 0.1674 0.1673 0.1673 

7.8 1.3805 1.3805 1.3803 1.3804 

Table 4 Variation of vertical displacement at different 

locations 
Ca

se 

Conditio

n 

Mw Vertical Displacement (m) 

Distance from footing 

centre 

Centre 0.5B 

(R) 

1.5B 

(R) 

3B (R) 

 

 

I 

Dry 7.7 6e-5 8e-5 0.0001 6e-5 

7.8 0.0135 0.0135 0.0131 0.0137 

Partially 

saturated 

(PS) 

7.7 0.0002 0.0002 6e-5 0.0002 

7.8 0.0136 0.0136 0.0133 0.0138 

 

II 

Dry 7.7 0.0002 0.0002 0.0003 0.0002 

7.8 0.0131 0.0132 0.0132 0.0135 

Partially 

saturated 

(PS) 

7.7 8e-5 9e-5 9e-5 7e-5 

7.8 0.0132 0.0132 0.0133 0.0135 

4.3 Stress-strain responses 

Shear stress versus shear strain responses were 

obtained at different depths and also at different 

locations from the centre of the footing. Typical shear 

stress versus shear strain variation recorded at a 

distance of 3B away from the centre of the footing 

(right) and at a depth of 11.38 m for dry soil of case-II 

under the excitation of Bhuj earthquake is presented in 

Figure 6. From the results, it can be noticed that the 

shear stress value decreases with the increase in 

duration of input motions at all the locations. However, 

the peak value of shear stress increases with increase in 

depth from the ground surface and distance away from 

the centre of the footing. The maximum value of shear 

stress was found to be 85.67 kPa for dry soil of case-II 

under Nepal earthquake at distance of 3B away from 

the centre of the footing (right). 

 

 

 

 

 

 

Fig.6 Variation of shear stress with shear strain at a 

distance of 3B away from the centre of the footing and at 

a depth of 11.38m for dry soil of case-II (Mw: 7.7) 

4.4 Excess pore pressure responses 

Excess pore pressure time histories were obtained at 

different depths and different locations from the centre 

of the footing. It is observed that excess pore pressure 

increases with increase in depth. The maximum value 

of excess pore pressure was found to be 114.8 kPa for 
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partially saturated soil of case-II under Nepal input 

motion. The excess pore pressure is observed to be 

more at distance away from the centre of the footing 

(3B). The maximum value of excess pore pressure ratio 

was observed to be 0.85 for partially saturated soil of 

case-II under Nepal input motion. As the excess pore 

pressure ratio is found to be less than one the 

foundation is safe against liquefaction. Typical diagram 

of excess pore pressure ratio variation with depth for 

partially saturated soil of case-II under the excitation of 

Nepal earthquake is presented in Figure 7.  

 

 

 

 

 

 

Fig. 7 Variation of excess pore pressure ratio with depth 

for partially saturated soil of case-II (Mw: 7.8) 

5 CONCLUSION 

In this paper, comparative study of dynamic response 

of a shallow foundation resting on different layered soil 

deposits subjected to seismic loadings have been 

investigated. It can be observed that peak response of 

acceleration, displacement and excess pore pressure 

values are found to be more for partially saturated soil 

under the excitation of Nepal earthquake. This may be 

due to the more PGA value of Nepal earthquake 

(0.1639g) than that of Bhuj earthquake motion 

(0.106g). The maximum PGA value (1.7745 m/s
2
) was 

noticed for partially saturated soil of case-I under 

Nepal earthquake. The horizontal displacement (1.3805 

m) values are observed to be more as compared to 

vertical displacement (0.0138 m). Here, the peak 

excess pore pressure ratio (0.85) is less than one but, in 

extreme saturated situations the excess pore pressure 

ratio may exceed one, which may cause foundation 

failure due to liquefaction. Hence, it is always 

advisable to perform dynamic response analysis of 

foundation resting on layered soil deposits subjected to 

seismic loadings. 
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