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Prediction of seismic displacements of rigid retaining wall 
La prédiction de déplacements sismiques de rigide retient le mur

Yingwei Wu -  Geotechnology, Inc., SI. Louis MO. USA 63146 
Shamsher Prakash -  University ot Missouri-Rolla, Rolla, MO USA 65409

ABSTRACT: A critical review of die existing l-D and 2-D models to predict displacements of rigid retaining walls shows that these 
models may not predict realistic displacements (Wu, 1999). A new 2-D model, which considers strain dependant soil stiffness and 
material damping, sliding and rocking motions, and practical field water conditions behind the wall as per Eurocode (1994) has been 
presented. A comparison of prediction and performance of a centrifuge model has shown good agreement. This model represents a 
considerable advance over the existing solutions and is easily usable by the practicing engineer.

RÉSUMÉ: Un critique revue de l'existant 1 -et 2-modèles prédire déplacements de rigide retient murs montre que ces modèles ne peut 
pas prédire réaliste déplacements (Wu, 1999). Un nouveau 2-modèle, qui considère tension dependant sol et matériel damping, glisse 
et rocher, et pratique domaine eau derrière le mur comme par Eurocode (1994) a été présenté. Une comparaison de prédiction et exé­
cution d'un centrifugeur a montré bai accord. Ceci le modèle représente un considérable avance par-dessus les solutions existantes et 
est facilement utilisable par le practicing construit

1 INTRODUCTION

Prediction of realistic displacements of rigid retaining walls and 
abutments is necessary for their stability. Rafiisson (1991) 
developed a non-linear 2-D model for computing displacements 
of rigid retaining walls in simultaneous sliding and rocking. In 
Rafhsson(1991) and Rafiisson and Prakash (1994) work, the wall 
dimensions were determined for given factors of safety under 
static conditions, and cumulative sliding and rotation 
displacements at the top of the wall were then computed for 
different loading cycles (magnitude of earthquake) for a given 
ground motion (equivalent sinusoidal motion). Soil non-linearity 
is included in defining the properties, both at the foundation soil 
and bacilli. Twelve foundation soil and backfill combinations 
and a 16.40 ft (Sm) reference wall were chosen for parametric 
studies. Rafiisson (1991) and Rafiisson and Prakash (1994) 
obtained the following conclusions:

a. Effect of Horizontal Acceleration. Displacements increase 
with greater horizontal accelerations because higher ground 
acceleration causes higher exciting force.

b. Effect of Earthquake Magnitude. The earthquake magnitude 
can be represented by a number of ground motion cycles 
(Seed et al., 1983). A larger earthquake magnitude has a 
larger number of cycles. More earthquake cycles cause 
larger displacements of retaining walls.

c. Effect of Foundation Soil. The displacements decrease with 
stiffer soils because the stiffness of the foundation soil is 
larger.

d. Effect of Wall Height The displacement increases in a 
non-linear fashion with increasing wall height This is ob­
vious because actuating moments increase with square of 
wall height.

e. Effect of Backfill. The cumulative displacement increases 
slightly as the backfill becomes loose. However, die in­
crease in displacement is small and, for all practical pur­
poses, this difference is of no practical significance.

f  Effect of Frequency of Excitation. Cumulative displace­
ments increase as the frequency of excitation increases from 
1Hz to 2Hz, since the exciting frequency is close to the

natural frequency in this case. The natural frequencies of 
the soil-wall system in all cases is 2.2 to 2.3 Hz. Therefore 
die cumulative displacements are significantly larger for 
excitation frequency of 2 Hz.

2 WU’S (1999) MODEL

Rafiisson (1991) considered only dry soil and the real ground 
motion was idealized as equivalent sinusoidal motion of arbitary 
selected frequencies. Also the backfill soil had been simulated 
as an active spring.

Wu (1999) modified Rafiisson model by considering dry and 
submerged soils and the walls subjected to real ground motion 
with nonlinear soil properties. In addition, backfill force was 
represented by a time-dependant active force. These present a 
considerable advance in the analysis and a more realistic solution 
is obtained. He considered seven different field conditions sub­
jected to earthquake loading as shown in Tablel. It was assumed 
that (a). The wall is rigid, (b). Displacements, both in sliding 
and rotation, are considered, (c). The wall is long enough for the 
end effects to be neglected, and the problem becomes two- 
dimensional with two degrees of freedom, (d). Soil properties 
are assumed to be constant, (e). The movement of walls away 
from die static equilibrium position will be induced by the inertia 
force of the wall, dynamic active force from backfill soil, and 
water forces during earthquakes, (f). The movement of the wall 
towards backfill (passive) is negligible and will not be consid­
ered, and, (g). The depth of the wall embedment is neglected 

In this model, the resistance from the foundation soil is repre­
sented by the stiffness, and damping values of the foundation 
soil. The stiffness and geometry damping values are directly de­
pendent on the shear modulus of the soil. Furthermore, both the 
shear modulus and the material damping are strain-dependent. 
Retaining walls are subjected to soil reactions and damping at 
the foundation soil, and the (a) soil stiffness in sliding and rock­
ing of the foundation soil and (b) damping in sliding and rocking 
of the foundation was determined. Note that, damping values in­
clude materia] and geometric damping. Figure 1 shows the sys­
tem of springs and dash pots, free body and displacements of a
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rigid retaining wall and Figure 2 shows the force acting for Case crements are used for determining the active earth pressure on
4, Table 1. For details, see Wu (1999) the wall and the hydrodynamic forces are varied depending on

Displacements of the retaining walls are computed from the field conditions (Table!). Wu and Prakash (1997) have coin­
static equilibrium position. Only the dynamic backfill force in- pared the performance of a wall with this model in Kobe earth-

Table I Loading conditions and corresponding parametcre for dynam ic displacem ents (E uiocodc 1994 and Wu 1999)

Field

Condition
Used Parameters

Field

Condition
Used Parameters

C on d ition  1

moist
backfill

moist

foundation

soil

Y* =  T, 

y  = tan-1 

P „ ( t )  = 0

( 1 * 0 ,

C on d ition  5

perched with 

impervious 

backfill

T * = T « -T , 

y  = tan 

P „ (t )  =  0

Tm a* \  
, r „ -T .  1 » a j

C on d ition  2

moist

backfill

saturated

foundation

soil

Y* =  T.

y  = tan

P -( « )  = 0

1 ’ O,

T*=r*,-r.

C on d ition  6

perched with 

pervious 
backfill

y  = tan
T,< )

, rM- r .  1 * « J

p *  Ct) =  7 /1 2  * 0 ^ - y w 

*H’

C on d ition  3

submerged

with
impervious

backfill

7*=T --7 .

y  = tan

, T*,-Tw 1 * «v

P»d ( t )=  7/12 * a , * y .  

* H ’

C on d ition  7

perched with 
sloping drain

r* = r„

y  = tan 

P - ( 0  =  0

l l “,

C on d ition  4

submerged
with

pervious

backfill

r * = r « - Y .

y  = tan' 1

P -( t)  -  2 * 7 /1 2 *  a, * T.  
*H’

cm*P

Figure 1 Two degree o f  freedom system a) rigid retaining wall with spring and dashpots, b) free body diagram o f  sliding, and c) free body diagram of 
rocking (After Wu, 1999).
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(a) Static

and dashpots

(b) Dynamic

Figure 2 Forces acting on the wall with the submerged condition and impervious backfill subjected to a) static, and b) dynamic loading condition 
(After Wu, 1999)

Foundation soil 
Dry loose sand 
f,=14.69kiN/M5 
q> = 267.6"
6 =  18.0“ 
e = 0.79 
o - O J

T A X

V A \

Backfill 
D ry  lo o s e  sand  

7,=14.69 kN/M5 

%> = 267.6“
8 =  18.0° 
e = 0.79 
» = 0.3

Figure 3 Wall section and soil properties used in the centrifuge test
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quake and presented results of a 6m high wall under a typical 
earthquake.

3 COMARPRISON WITH MODEL TEST

Zeng (1998) conducted a centrifuge test on a gravity quay wall 
(Figure 3) with loose dry sand subjected to base shaking gener­
ated by a bumpy-road actuator. Figure 4 shows the displacement 
computed by this model and the observed displacement in the 
centrifuge test The displacement of the model wall after the test 
was approximately 0.17m. Hie computed sliding displacement, 
rocking degree and total displacement in this computer program 
were 0.0870m, 1.20° and 0.2469m respectively. The computed 
displacement was 3 1 % higher than the observed displacement. 
The discrepancy in the two results may be due to:

a. Soil properties may not be constant during the test,
b. The proposed model assumes the backfill is always in con­

tact with retaining wall. However, this wall may have lost 
contact with the backfill during vibration because of the pe­
culiar shape. The driving force at this instant will be 
smaller, and so will be the cumulative displacement.

However, in general, this computed displacement is of the 
same order as the mcasurccd displacement and gives a conserva­
tive displacement estimate of the retaining walls during earth­
quakes.

4 CONCLUSIONS

The following conclusions are drawn:

a. A realistic displacement model for rigid walls under earth­
quake condition has been developed,

b. The model can consider non-linear soil properties and any 
water condition behind the wall,

c. The predictions of actual displacements of a model axe 
within reasonable agreement.

This is the most realistic model (2001) which can be adapted to 
analysis of bridge abutments also.

Figure 4 Comparison with model test results; confuted displacement 
compared with observed value by Zeng (1998)
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