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SYNOPSIS: Various factors cause unsymmetrical lateral pressure on earth retaining structures. Howev
er, there have been few studies concerning this topic. The authors observed the behavior of an earth
retaining structure subjected to unsymmetrical lateral pressure due to heavy rain. This paper de
scribes the results observed and the results of numerical studies. The following conclusions were
arrived at: (1) Heavy_ra1n can be a cause of unsymmetrical lateral pressure. (2) The analytical
method presented is effective for designing earth retaining structures subjected to unsymmetricallateral pressure. 
1. INTRODUCTION_

Various factors, such as nearby structures,
surcharge, or ground elevation differences,
cause unsymmetrical lateral pressure on earth
retaining structures. When the strut method is
employed, unsymmetrical lateral pressure acting
on one side is transmitted by the strut to the
retaining wall on the other side. However,
there are very few reports on measurements and
analysis relative to behavior of earth retaining
structures subjected to unsymmetrical lateralpressure. `- '

lThe authors observed sudden change in behavior
of an earth retaining structure caused by abnor
mal rainfalls during excavation work in the
metropolis. In addition to introducing measured
behavior of earth retaining structures, "inte
grated analysis of facing earth retaining walls"
was conducted to study applrcabilityi

\

2. GENERAL OUTLINE OF CONSTRUCTION

The construction site is in a suburb of Tokyo
and is positioned topographically in the Mu
sashino surface of Musashino terrace. A general
outline of the ground is shown in Fig. 1.

As shown in Fig. 2, the earth retaining plan
is bounded by an office zone of about 49 X 33 m,
and an adjoining parking zone of about 23 x 21
m. The section of earth retaining structure is
as shown in Fig. 1 with the final excavation
depth being 17.8 m and 10.0 m respectively.
Excavation for the parking zone was planned
after completion of the underground structure inthe office zone. '

A reinforced concrete diaphragm wall (thick
ness 700 mm, length 31 m) was used for the earth
retaining wall of the office zone (including the
boundary part with the parking zone) and a soil
cement diaphragm wall (thickness 550 mm, length
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Fig. 1. Soil profile and section of earth re
taining structure

Fig. 2. Plan of earth retaining structure and
measuring items



18 m, reinforcement H-450 x 200 x 9 x 14, 0450
mm) was used for the parking zone.

The observational construction control system
was employed since the site adjoins a trunk road
and railroad and because sections with different
excavation depth and period adjoin. The measure
ment items are as shown in Fig. 2.

3. BEHAVIOR OF EARTH RETAINING STRUCTURE

Excavation of the office zone was commenced in
-June 1991 and the 4th excavation to G.L.-14 m
was nearly completed by mid September. In rela
tion to this, the soil cement earth retaining
wall of the adjoining parking zone was completed
in June 1991 with about 50 cm of the surface
stripped off.

Sharp changes in displacement and stress were
confirmed in the earth retaining wall forming
the boundary between the office zone and the
parking zone (point C). Distributions of dis
placement and bending moment of the wall during
these sharp changes from 18 to 21 September are
shown in Fig. 3.

There were unusually many rainy days in the
Tokyo area from August to October in 1991. Fig.
4 shows the precipitation by day from September
1 to October 15 of 1991. On September 19, when
behavior of the earth retaining wall increased
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Fig. 3. Behavior of earth retaining walls

sharply at point C, rainfall of 210 mm was
recorded that was equivalent to that of averagemonths. _ _ `

It may therefore be said that, with the earth
retaining wall acting as partition and the paved
surface of the parking zone stripped off, water
from the heavy rains during mid-August to mid
September accumulated in the ground with no
place to escape, and that water pressure in
creased sharply due to the heavy rainfall of
over 200 mm on 19 September;

Actually, a groundwater level of G.L.-1.0 m was
confirmed in an observation well that was hur
riedly constructed in the parking zone on 25
September. The rise in groundwater level in the
parking zone was at least 4 meters during the
localized torrential downpour, since the ground
water level at start of construction was about
G.L.-5 m (see Fig. 1).

The increase of displacement and bending
moment at point C was about 25 mm and 440 kN x m
respectively (see Fig. 3). On the other hand,
the opposite earth retaining wall (point B) was
pushed back slightly. The bending moment also
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Fig. 5. Stress distribution of reinforcing bar



shows a decreasing trend. The cause of differ-
ence in displacement at points B and C is judged
to be due to°firm subgrade reaction. V7

Corresponding to the displacement of wall,
reaction of the 3rd stage strut also increased
700 kN from 500 kN to 1200 kN. If the spring
constant of a strut (about 29,000 kN/m/m) is
multiplied by the relative displacement of the
earth retaining wall at the 3rd stage strut
position (one side about 6 mm) and the spacing
of the struts (about 5 m), it will be about 870
kN. This almost explains the increase in meas
ured value of the 3rd stage reaction of strut.

Fig. 5 shows the stress of reinforcing bar at
points B and C before and after the heavy rain.
The tensile stress and compressive stress were
about equal at point B, and the value was also
under 20 MPa. In contrast to this, tensile
stress at depth of 11 m and 18 m greatly exceed
the compressive stress at point C. It was judged
that tension cracks developed in the concrete at
these sections and that bending rigidity droped.

It was perilous_to advance excavation without
countermeasure for the increased water pressure,
so the authors decided to dewater-the ground
water in the parking zone. A deep well with a
diameter of 400 mm and a depth of 16 m was '
constructed at the center of the parking zone
and groundwater level of this zone was lowered
to about G.L.-6 m. Pumping water from the deep
well displayed noticeable effect and, as shown
in Fig. 3, displacement and stress at point C

reverted to the state of September 18 before the
localized downpour. On one hand, the state of
being pushed back at the opposite point B was
cleared and displacement was again moving to the
inside of the excavation.

From the results of the countermeasure, it was
reconfirmed that displacement of_the earth
retaining wall at point C was the result of a
sharp increase in water pressure from the local
ized downpour.

4. INTEGRATED ANALYSIS OF FACING EARTH RETAINING
WALLS

Behavior of the-earth retaining structure sub
jected to unsymmetrical lateral pressure was
simulated using.the analytical method proposed
by Kazama et al. The principal features of this
method are as follows.
(1) Interaction of facing earth retaining walls

through strut reaction can be analyzed.
(2) Nonlinearity of the subgrade reaction may beconsidered. \
(3) A drop in bending rigidity of the reinforced

concrete earth retaining wall may be consid
ered with occurrence of tension cracks.

The earth retaining cross section and soil
properties used for analysis are shown in Fig.
6, and the lateral pressure distribution used is
shown in Fig. 7.

Nonlinearity of subgrade reaction and elasto
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plastic properties of bending rigidity of_the
reinforced concrete earth retaining wall were
shown in Fig. 8 and Fig. 9 respectively.

_Fig. 10 shows comparisons of measured and
calculated results upon completion of the 3rd
excavation and after being subjected to unsym
metrical lateral pressure (21, September).

Displacement and bending moment of facing

The main results obtained are as follows:
(1) Heavy rain is one of the cause of unsym

metrical lateral pressure.
(2) The analytical method described is effective

for the analysis of earth retaining struc
tures subjected to unsymmetrical lateral
pressure.

(3) It is necessary to introduce nonlinear
properties of subgrade reaction and elasto
plastic properties of bending rigidity of
earth retaining walls.

walls (point B and point C) measured at the com- REFERENCES
pletion of 3rd excavation indicates an almost
symmetrical shape, and the calculated results
also closely match the measurement properties
On September 21 that is two days after heavy
rainfall, measured displacement at point C
appears large as compared to point B. Analytical
results reproduce the displacement properties of
these walls qualitatively and quantitatively.
Bending moment also increases at point C with
increase in displacement, and analysis also
indicates corresponding results.

When analysis results considering tension
cracks of earth retaining walls (elasto-plastic)
and analysis results ignoring this (elastic) are
compared in Fig. 10, it may be noted that the
amount of displacement is greater in the former
whereas the bending moment is small. This trend
indicates close correspondence with measured
properties.
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