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A B ST R A C T : In this paper, the problem of dynamic response analysis of soil deposits considering porewater pressure build 

up is studied using finite element method. The soil layers are assumed stretched horizontally and one dimensional shear wave 

propagation equation is applied as a basic equation. Nonlinear behavior of soil is also considered using hyperbolic model. To 

account for porewater pressure build up, Finn’s damage parameter model is applied and for porewater pressure dissipation, 

one dimensional consolidation equation has been solved. A well-known case study (Widlife site, USA) is analyzed using the 

computer program developed in this research (DESRAPI) and the predicted porewater pressure is compared with the 

recorded data in the site and also with the results analyzed by others (Dobry et al. 1989). The comparison o f the results 

presented here reveals that the developed program in this study can predict the dynamic response of soils in good agreement 

with the recorded data and can be used as an engineering tool to analyze soil deposits respond.

1. INTRODUCTION

Dynamic analysis of soil response using various methods 

including experimental methods, closed form solution and 

numerical methods has been focus o f many researchers 

during last decades. In numerical methods, several 

computational programs such as SHAKE, QUAD4, and 

DESRA-2 have been developed. In SHAKE program, 

results of dynamic response o f soils are obtained by vertical 

propagation of shear waves through a horizontal stretched 

soil layer. However, it does not take into account the pore 

pressure build up. QUAD4 program, based on the finite 

element method is to evaluate the response of any two 

dimensional soil deposit or earth structure during a given 

seismic excitation. This program does not either take into 

account the pore pressure build up during the shaking. 

Program DESRAMOD which is based on the finite 

difference method, is a modified version of DESRA-2. It 

conducts using one dimensional nonlinear site response 

analysis; a hyperbolic stress - strain backbone curve and an 

extended Masing law for cyclic loading. In this program, 

undrained pore pressure build up throughout the whole silty 

sand layer under cyclic shear strain can be predicted by 

using endochronic equation.

In this study, using the finite element method, dynamic 

response analysis o f soil deposits and porewater pressure 

build up are studied and a computer program (DESRAPI) 

is developed.

2. METHODOLOGY

2.1 basics

The semi- infinite soil layers are assumed stretched 

horizontally and subjected to a horizontal seismic motion at 

its base. The one dimensional shear wave propagation 

equation is applied as a basic equation. To consider

nonlinear behavior of soils, hyperbolic model for stress- 

strain relation proposed by Hardin and Dmevich is used. In 

this program, the values of strains,y,are assumed to be in 

the range of (10‘5-10‘3) and viscoelastic model is used 

(Ishihara 1982).In Hardin and Dmevich model the variation 

of shear stress versus strain o f soil is given by:

V
where G 0= the maximum value of shear modulus in 

y  =  0 ; Ty = shear strength of soil. Furthermore, in this

model the ratio of damping experimental relation is 

presented as follows:

D = Dq( 1 - - ^ )  (2)

G0

in which D 0 = ratio of damping in large strains (Hardin &

Dmevich 1972).

In this research, to account for porewater pressure 

buildup, Finn’s damage parameter model has been applied. 

Based on this model, to derive porewater pressure function, 

several cyclic simple shear test on Ottawa sand at a relative 

density of D r = 4 5 %  are done and non-dimensional 

porewater pressure ratio is plotted against the number of 

uniform cycles,N. Obviously, the porewater pressure ratio 

is a function of shear strain amplitude, y  , and the number 

of cycles, N. In describing the strain history o f the sample, 

an alternative to N, is the length o f the strain path , £,, 

corresponding to N cycles of uniform strain cycle ,y  .The 

porewater pressure ratio in constant strain tests may now be 

difined by:

- 7-  = s(y,^>  (3)
CTvn
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where the g(y,^) is a function defined by 

Then, if The porewater pressure ratio is plotted against the 

strain length , £, , the number o f cycles, N, may be replaced 

by the continuous variable E,. However, before constant 

strain data is generalized to irregular strain patterns, the 

explicit dependence o f porewater pressure ratio on the shear 

strain amplitude, Y ,must be removed. Therefore the 

variable K , damage parameter, by transformation of k=T^ 

is used as:

- 7- =  G(iO (4)

%

The transformation, T, and the function, G, are given by 

Finn (1981). Then, in this model all curves can be collapsed 

into one curve giving the porewater pressure ratio as a 

function of, K. Finally, by nonlinear least square curve 

fitting method, the relationship between the porewater 

pressure ratio and, K, can be described. (Finn & Bhatia, 

1981) In effective stress dynamic analysis, during every 

time increment, At, the increment in porewater pressure can 

be determined from incremental change in, K, and the soil 

properties may now be modified for this change in 

porewater pressure and the analysis continued for the next 

time increment, At.

In the computer program DESRAP1 (Kkazemzadeh, 

1998) during every time increment o f analysis by calling the 

porewater pressure function, porewater pressure increment 

is computed. Also, due to soil stiffness decrease caused by 

increment porewater pressure generation, the relation of 

G = G0((j'v /cr'v0)0'5 suggested by Vucetic (1986) and thus

using Finn’s model, the porewater pressure in every step of 

analysis can be obtained.

During earthquake shaking, two phenomena take place 

simultaneously: (1) Excess porewater pressures are 

generated by the earthquake ground motions, and (2) The 

excess porewater pressures tend to dissipate in accordance 

with the normal law o f diffusion for one dimensional 

consolidation theory. Thus, it may readily be shown that the 

resulting overall distribution of excess porewater pressure in 

the deposit will be controlled by the below differential 

equation:

d u

~ J 7

d ^u  

°v d z l

du .

Figure 1 shows a horizontal soil layer of thickness H 

underlain by a rock or rocklike material that is assumed the 

underlying rock layer is subjected to a seismic motion of ug

which is a function of time, t. Considering a soil column of 

unit cross sectional area in Figure 1, the equation of motion 

can be presented as:

2.2 Equations o f  motion

d <?u, 
nu r + cü r -  —  (G(y) —— ) = -n ü  „ 

d y d  y
( 6 )

where u= relative displacement at time t; G= shear 

modulus; C= viscous damping coefficient; and p= density 

of soil. (Idriss & Seed 1968). This equation has to be 

solved by satisfying associated boundary condition.

To find the approximate solution o f Equation 6 with the 

given boundary conditions and to obtain matrix equations, 

Galerkin method is used and a system of differential 

equations for each element will obtain as follows:

X  X  

X X.
ii + cl I  #*C, 1 }

. nl^.. 

" ° j— “6 
nl^. 

°k -— ug

(7)

where f  is the length of element.

To apply damping in the above equation, the variable 

damping solution procedure proposed by Idriss et al (1973) 

is used. In this procedure, damping is introduced through a 

Rayleigh damping approximation at the element level, i.e.

ce = a M e + where a  and P are scalar constants and 

the superscript e indicates an element matrix.

To solve differential equation of motion, Wilson 0 

procedure is used and after transforming the differential 

equation to algebraic equations using Wilson 0 method, 

these equations are solved by use o f Gaussian elimination 

method.

&
d t

(5)

in which u=total excess porewater pressure, cv= the 

coefficient of consolidation of the soil , and ug is the pore 

pressure generation caused by earthquake (seed et al. 

1976). This equation is solved in DESRAP 1 program. 

Direct integration procedure requires that the damping 

matrix [c] be known. The most commonly utilized 

relationship for expressing this material characteristic is the 

one originally proposed by Rayleigh i.e. [c]=a[M]+P[k] in 

which a  and P are constants. The mass and stiffness 

matrices and the earthquake load vector can be obtained 

from differential equations of motion directly. The equation 

of motion is solved by direct numerical method such as the 

step- by- step method

(Idriss et al 1973).

Figure 1. Cross-section and boundary of a semi-infinite soil 

layer subjected to a horizontal seismic motion at its base. 

(Idriss & seed. 1968)

3. CASE STUDY

In order to evaluate the validity o f the developed program 

and to compare its results with results o f other computer 

software, the data obtained from Wildlife site during the 

November 1987, earthquake is analyzed. The site is 

adjacent to the Alamo river in the Imprial Valley of 

California. Figure 2 presents the cross section of the site 

with the locations of two strong motion accelerometers 

(SMI at the ground surface and SM2 at the base o f the
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liquefiable silty sand layer) and six piezometers (PI to P6). 

The ground water level is about at 1.5 m depth. The soil 

layers between 0 and 2.5 m consists of very loose sandy 

silt. The second layer between 2.5 and 6.8 m containing the 

piezometers consists of silty sand. The deposit below 6.8 m 

is medium to stiff clayey silt.

3.1 A n a lysis  o f  W ild life  s ite

Porewater pressure and acceleration response of wildlife 

site during the 1987 earthquake were analyzed by Dobry et 

al (1989) using DESRAMOD program. Based on the 

recorded data obtained during this earthquake, the 

maximum acceleration at ground surface and at 7.5m depth 

are 0.2 lg  and 0.17g respectively. In their analysis, the 

strongest (NS) component recorded at SM2 was used as 

input. Figure 3a includes plots of this record at 7.5m depth. 

Figure 4 includes curves of the measured excess pore 

pressures and the ones predicted by DESRAMOD in 

sublayers 3 and 6. The maximum acceleration at the ground 

surface computed by Dobry, et al (1989) is 0.24g.

3.2 A nalysis by  D ESRAP1

The Wildlife site was also analyzed by DESRAP1 program 

using the same parameter of soils in this site and the 

acceleration component recorded by SM2.To determine the 

parameters (A, B, C, D, X) to use in Finn’s damage 

parameter m odel, data o f Ottawa sand with Dr=45% was 

applied. Figure 3 also shows acceleration time history at the 

ground surface predicted by this analysis in which the 

maximum acceleration is 0.22g at the ground surface. In 

Figure 4 the recorded and the predicted pore pressures build 

up in sublayers 3 and 6 are shown.

4. CONCLUSION

Figure 4 shows the pore pressure build up obtained by using 

DESRAMOD and DESRAP1 and also with the recorded 

pore pressures from the corresponding piezometers.

In sublayer 3 the pore pressures build up predicted by 

DESRAMOD and DESRAP1 especially in the first part of 

shaking up to about 10 second are in a good agreement. 

However, the slow pore pressure build up after 21 sec, is 

not well predicted by either DESRAMOD and DESRAP1 

programs. Possible explanation for this observed behavior is

that the soil stiffness has degraded much more than 

predicted by model used in programs and so that the small 

shear stresses induced by the shaking, were able to cause 

shear strains large enough for the build up of additional pore 

pressures and for liquefaction to continue progressing from 

top to the bottom of the layer. Further research is needed to 

clarify exact behavior o f the soil during earthquake.

A cc. record at depth 7 .5 m  ( b )
200

i !

50

............... „ ■

Figure 3. Acceleration time history at ground surface and 7.5m 

depth.

In sublayer 6, the pore pressures build up predicted by 

DESRAP1 compared with the results predicted by 

DESRAMOD program, shows better agreement with the 

recorded data. Furthermore, the predicted pore pressures 

build up curves from the corresponding programs, in the 

most regions are in a good agreement with each other and 

with the recorded data.

Also, the predicted acceleration of the surface obtained 

from analysis by DESROMOD and DESRP1, 0.24g and

0.22g respectively, are relatively in good agreement with the 

recorded acceleration at the surface, 0.2lg.

pore pressure Ratio in sublayer 6

Figure 4. Pore pressure ratios in sublayer3 and 6, recorded by 

DESRAMOD & DESRAP1.
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