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Deformation and Failure Behavior of Anchored Retaining Wall
Induced by Excessive Excavation in Centrifuge Model Tests

by Yasuo Tovosawa™, Noriyuki Horir* and Satoshi TAMATE*

Abstract: Accidents due to collapse of anchored retaining wall occasionally occur in excavation
site. To study the deformation and failure behavior of anchored retaining wall, centrifuge model tests
were carried out by using an in-flight excavator. Three different models which consisted of different
layer such as (1) Kanto loam, (2) sand and (3) a stratum of Kanto loam layer and sand layer with
anchors were tested to observe the anchored sheet pile wall’s collapse. Based on the results of these
centrifuge model tests, the development of the earth pressures and the strains on a sheet pile wall
during excavation process and failure mechanisms are discussed.

1) In -flight excavator which we newly developed works accurately under centrifugal field of up to
60G.

2) The earth pressures with the depth on the wall and the tensile force acting on an anchor’s
head during excavation showed deference depending on the models. It is estimated these values
resulted from the inter-relationship between stress and strain when the soil behind the wall
activates.

3) Failure occurred suddenly along a failure line with settlement of wall. Settlement of wall induced
by the downward load of wall in the case when an anchor is installed at an acute angle.

4) There is a close relationship among the tensile force acting on an anchor, the sheet pile wall’s
movement and the ground displacements. For example, downward movement of a sheet pile wall
without horizontal displacements would cause the anchor to reduce its tensile force.

5) Earth pressure on the wall and the tensile force on an anchor would be influenced by the direction
of wall inclination when the failure occurred. The failure by overturning about toe would cause
further increasing both earth pressure and tensile force acting on an anchor.

6) During excavation process, the tensile force and the earth pressure of an active side remained
almost constant. Just before the failure, it was observed the earth pressure of active side at the
lower sheet pile wall increased 1.5 times bigger than the former value.

7) It is difficult to find out the causes of accident, because of the disturbance of site during the
rescue and the collapse itself. Centrifuge model tests gave useful information to approach the
causes of accidents. To have better understanding of the accidents, a further improvement of
both quality and quantity in the centrifuge model test are expected.
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Specification of the in-flight excavator.

HUORBERBRBIENRBED K

HEET
0l
control and

measurement

control method

& Ak
M <t B excavator W770xD545x H1126(mm)
size i A
controller W500xD275XH425(mm)
HREE
total 200 (kg)
g8 2 & kB
weight excavator 139 (kg)
BEHE
stand 61 (kg)
FSnEE
rotation speed 0~35(rpm) (0.1 27 v 7)
A7 R N—EZw X7
AFoETE—F
excavation 5% &) &8 B vy 370(kgf-cm)
block motor stepping motor with
harmonic reducer
max torque: 36.3(N-m)
EE et T 7L N—LFITL D
speed sensing optical sensor
RIED R, '
for excavation W110xD100(mm)x 2 #
HEHISESHES  (without sheet pild
(z24esk) RIRERBREF
top-end of with sheet pile W110xD100{mm) x 2 &
excavation blockl FHRZRUIR
(changeable) RERA W110x D92 (mm)x 2 &
with sheet pile
and wale
Zro—2
elevation height 230 (mm)
Aro—IBRA | TxbxA R PICLD
U3lvwbELL
7 B & limit sensing photo micro sensor
elevation BENERE
block speed 0~5.0(mm/sec) (0.1 X5 v 7)
N—FT= v IFXT7{Y
AT TE—F
5B & EB NV 370(kgf-cm)
motor stepping motor with
harmonic reducer
max torque: 36.3(N-m)
Zra—2
elevation height 260 (mm)
Aho—JBR | 7 b4 PICLD
DI =3
AERSEER limit sensing photo micro sensor
horizontal- BEEE
motion block speed 0~5.0(mm/sec) (0.1 X579 7)
N—FEZ VI FPF
AFOETE—F
5% & BB EE VY 370(kgf-cm)
motor stepping motor with
harmonic reducer
max torque: 36.3(N-m)
J—btnvaricks
w FBRUTOT D hEE

manual and automatic
operation by PC

g & CE&E
program language C language
BIEREE, EERYS
at #l ERETEHEE S AH
measurement speed and displacement

of excavation

Strai uge
O
o
]
s
Pres etfdof IO I
2 |8
Cable silicon
5o o
Go o ] )
Stxain Gauge
con
8
40 fio|15| 34
99
Model of Sheet Pile Wall
(a) (b)
Fig. 2 Sheet pile wall model and load cell at anchor
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Fig. 3  View of Test Package.
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Table 2 Index properties of Kanto loam.
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Table 3  Test condition and Results.
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(a) Kanto loam. (Caseb)
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Table 4 Table2 Displacements of Wall due to Failure.
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