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Dynamic Equilibrium Analysis of Earthquake Resistant Retaining Walls

Abdul Hakam
Civil Engineering of Andalas University

ABSTRAK: The dynamic anal
Number of retainin

¥sis of retaining walls subjected to earthquake load is presented in this paper.
g wall mode subjected ) Z ,
movements of the soil particle nc:f]sﬂ-...E b to dynamic loading have been tested in the laboratory. The

arc then investigated to carry out the fi
was derived based on the e

equilibrium state and act in the
horizontal and vertical compo
based. The safety factors of the stabilj
the driving forces. It is concluded that
wall due to earthquake loading,

Keywords : Retaining walls, dynamic analysis

1. INTRODUCTION

Recently, dynamic lateral loads has been
attacking retaining walls and caused several major
damages. The dynamic lateral loads can be resulted
by an earthquake motion. The increase of lateral
pressure during motion can produce additional
sliding and/or tilting to the retaining wall structures.
Theories to estimate stability of retaining structures
due to dynamic lateral pressure have been described
by Das (1983).

The study of dynamic lateral earth pressure also
has been given by Nazarian and Hadjan (1979) in the
past. The study divided the theories of dynamic
analysis into three categories, that are:

I. Fully plastic analysis
2. Solutions based on elastic wave theory
3. Non-linear and elastoplastic solutions

Based on Coulomb active pressure behind a wall,
the classic analysis of Mononobe-Okabe has been
derived (Mononobe, 1929 and Okabe 1926). The
analysis is based on the assumptions;

1. The failure of the soil behind the wall formed

in a stright-plane.

2. The wall moved in such way to produced

minimum active pressure, i’

3. The shear strength of the dry back-fill is

following Mohr-Coulomb theory.

4. On the failure plane, the full shear stre

were recorded during the tests. The displacement of the points
: patter of the system. The dynamic equilibrium formulation then

acling on the retaining wall system. The forces are assumed to be in
centre of gravities and the shear contacts. Every force are derived into its
nents. The shear and overturning resistant of the structure then can be calculated
ty are estimated based on the ratio of the resistant forces compared to
the proposed method can be used to estimate the stability of retaining

5. The soil behind the wall behaves as a rigid
body.

The more recently solutions of dynamic problems
of retaining walls usually calculated based on
numerical analyses (Vidya, 2007). However, the
results gave number of interpretation depend on the
data involved into the input of the analysis.

2. PROPOSED METHOD

Here, a new method to estimate the stability of a
retaining wall due to dynamic pressure is proposed.
The proposed method is based on the static
equivalent analysis. However the forces acting on
the wall are analyses based on the dynamic
equilibrium. Then the lateral forces due to dynamic
acceleration are included in the analysis.

The method introduced number of assumptions
that are;

1. The failure of the backfill behind the wall is a
straight-plane and follows the Rankine’s
active condition.

2. The active pressure behind the wall is fully

generated.
3. The shear strength of back-fill is following
Mohr-Coulomb theory.

5. The failure zone of the soil behind the wall
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6. The foreces acti
T ln .
? i v g on the wall arc D
. Th ;
2 e forces are generated due to gravity and
g Tt:‘ a;cclnmtmn of the earthquake motion.
. The forces act in their centre of gravities and
5 the shc_-.nr contact.
. There is no movement on the system which is

assumed to be stable.

¢ resistant on the toe of the wy; ;
is

10. The passiv
ignﬂn:d- y .
11. Every force can be derived into its horizonyy

ical componenl.

and vert
12. The moment ©f the structure poin; ;
produced by the force components, ig
Based on those assumpu:-::ms, m.; forces act
be drown in the Figure 1. Ng on

the wall then can

Figure 1. The dynamic fo

rces acting on the wall system

ity then is represented by the

The sliding stabil
forces on the base on the wall

Then, the stability of the retaining wall system
due to the acting forces can be written as: ratio of the resistant
and driving forces in terms of the factor of safety:
a. Overturning Stability:
The overtuming stability of the wall is
represented by the ratio of the sum of resistant > F
mummlsmsFMMthtmemdmcsmnr Fs"=§:_l=-
overturning moments on the same point in terms 0 -
the factor of safety:
M The forces which slide the wall are T, Fe1 and Fa
ES._ = - _ Meanwhile, the force defend against the wall
o z M. sliding is F.
The forces which derive the overtuming moment
are T, Far and Fa . Meanwhile, the force GiG] | CASESIUDX
against the overtuming of the wall is Wi The stability of & wall with the height of 9m aad
; the base-width of 4 m is analyzed. The width of the
b, Sliding Stability: wall-top is 1.5 m which made of reinforced concrete
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material with the unit weight of 2.4 vm’. The
backfill soil is dry sand with the internal shear angle
of 35 degree and the unit weight of 1.79 Um’. The

forces act on the wall system the calculated as shown
in the table 1,

b. By involving the active pressure of the soil.

FS,. = E‘E =200
The stability of the retaining wall system due to 126.18
the acting forces then can be calculated as:
Overturning Stability:
a. By ignoring the active pressure of the soil.
Table 1. Forces acting on the wall
Component |  Force loe M, (Lm) Mg (t.m) Remarks
(ton) | dist. (m)
W) 50.40 4.25 z 252 .45 weight od the wall
T 15.44 2.86 44.16 - weight of the backfill
Fa 2,97 3.82 11,35 = due to the eg. of the wall
Fa 1.89 6.33 11.93 - due to the eq. of the backfill
Py 19.57 3.00 58.72 - active pressure of the backfill
T, 5.63 - ” - shear on the failure plane
F 41.59 . = - shear resistant on the base

The stability of the retaining wall system due to
the acting forces then can be calculated as:

Overturning Stability:

a. By ignoring the active pressure of the soil.
4
FS,, = DL =374

b. By involving the active pressure of the soil.

252.45
FSq = 126.18 2

Sliding Stability:

a. By ignoring the active pressure of the soil, the
forces resist the sliding is T, and F meanwhile the
diving forces are Ty, Fe, and Fea.

47.22
FS, = o5 =233

b. By involving the active pressure of the soil

which is act driving the wall.
47.22
FS, = =118
" 3987

The minimum safety factor of the retaining wall
due to the dynamic forces can be adopted as 1.2.

CONCLUSIONS

It has been shown that the proposed method can
be used easily to estimate the stability of the wall
due to the earthquake load. The proposed Enemnd is
based on dynamic equilibrium of forces acting an the
retaining wall system when an earthquake attacks.
The forces are assumed to be in equilibrium state
and act in their centre of gravities and the shear
contact. The stability of the wall is calculated in the
same way that is in the static analysis with number
of dynamic component of the forces. Then,
practically the proposed method can be used to
estimate the stability of retaining wall due to

earthquake loading.
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