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ELASTO-PLASTIC ANALYSIS OF STATIC AND DYNAMIC ACTIVE EARTH PRESSURE
AGAINST RIGID RETAINING WALL

INTRODUCTION: Recent experimental stud-
ies by various researchers in the field of earth
pressurc have demonstrated that the nature and
the magnitude of the static and the dynamic earth
pressure and the point of application of the re-
sultant depends to a great extent on the kinds
of movement the retaining wall experiences as
well as the acceleration level of the ground mo-
tion. However, the numerical treatment to ex-
amine this dependancy is lagging behind. Hence
an elasto-plastic numerical analysis has been per-
formed to add momentum in this direction.

INTERFACE MODELLING: The analytical
model shown in the Fig. 1 is the simulation of the
experimental model developed by Ichihara and
Matsuzawa(1973). Idealised interface elements
having bilinear stress-displacement relationship
with only a shear spring shown in the Fig. 2
were introduced between the wall and the soil in-
terface. The relative displacement between the
wall and the soil is kept zero during the analysis
by providing equal forced displacement to both
the wall nodes as well as the soil element nodes,
thus avoiding the separation of the wall and soil.
CONSTITUTIVE RELATION: Using the Dr
ucker-Prager type of yield function, along with
the assumption of associated flow rule, the fol-
lowing constitutive equation can be derived,
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s;; is the deviatoric part of the stress tensor oy; ,
I is the unit tensor. S is the dilatancy factor and
« is the material constant . Df,, is the elastic
stress-strain matrix, & is the hardening parame-
ter.

RESULTS AND DISCUSSION: Four kinds
of movement of the wall is considered: namely
translation(T'), roatation about the base(RB), ro-
tation about the top(RT) and rotation about the
base as well as translation(RB-T) in which case
the center of rotation is 20 cm below the base of
the wall. The computed distribution of the earth
pressure in Fig. 3(a)-3(d) show that the distribu-
tion pattern differs depending on the wall move-
ment modes. Fig 4 shows the variations of the
coeflicient of earth pressure K, friction angle co-
efficient tan § and the relative height of point of
application h/H with wall displacement for the
RT mode.

Active state is defined at that point when the
soil elements in the backfill reach the critical state
forming either a clear failure wedge or a slip sur-
face. The displacement required to reach this
point is found to be larger than at the point of
maximum value of tan §, experimentally defined
to be the active state. The corresponding (h/H )4
is found to vary with the angle of internal friction
¢ of the backfill as shown in the Fig. 5. It can
also be observed that the trend of the variation
is different for each case of the wall movement

mode.
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Fig. 1: Analytical Model
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Fig. 2: Idealised Interface Model
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Dynamic analysis also has been performed for the
same model for the RB-T mode by time domain
analysis. Fig. 6 shows the variation of the earth
pressure with mean wall displacement. The effect
of inertia in this case results in a distribution pat-
tern different from that of the static case at the
upper part of the backfill. The variations of &,
tané and A/H in the Fig. 7 for both the ex-
perimental and the analytical results show that
though at the initial stage both the results agree
resonably, with increase of displacement they de-
viate, may be due to discontinuity of the stress
at the critical state. The Fig. 8 shows the vari-
ations of K, tané and h/H at the active state
with different values of the acceleration. It can
be observed that the analytical results agree well
with the experimental results except for the case

ution of earth pressure is nonlinear and hence
the relative height h/H is not unique value. It
depends on mode of movement of wall, material
parameters like the angle of internal friction ¢
and the acceleration of the ground. It is not
necessary to reduce the value of ¢ for the calcu-
lation of the Mononobe-Okabe’s pressure under
the maximum inertia force as suggested by some
researchers. The unexpected drop of tané value
after the maximum point may be due to the ab-
sence of interface elements at the bottom as well
as right side of the analytical model.
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