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ABSTRACT: In this research, a case history of terappearth support collapse is first illustratecetty and
the mechanisms of accident occurrences are inteafjweth the results showing that the shallow pextien
of piles mainly caused the sequences of collapserder to understand these failure characteriaticsmech-
anisms, centrifuge model tests using an in-fligtda@ator were carried out. The failure mechanisrthefre-
taining wall in this labour accident was firstlyndenstrated using centrifuge model tests by Toyosaiva.
(21998). In this paper, we added some viewpointandgg the mechanism of the retaining wall andaswhus
clarified that the active and passive earth pressur the retaining wall increased during excava#iod then
the anchor head exceeded the capacity with respéensile stress. As a result, the retaining wad ground

behind the wall collapsed suddenly.

1 INTRODUCTON

Accidents due to collapse frequently occur during
ground excavation. The need to decrease these ac-
cidents is currently a major concern not only in Ja
pan, but also in several other countries as well.
Firstly, a case history has been described in
which a temporary earth support collapsed and the
ground behind the support failed. A total soil vol-
ume of 200 Mwith a maximum thickness of 4 m
slid into an excavation area and as a result five
workers were killed and two others were injured.
Secondly, in the laboratory, the model ground
in front of the anchored retaining wall was exca-
vated using an in-flight excavator in a centrifugal
field. Based on the results of two centrifuge model
tests, the deformation characteristics, the earth
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pressure and failure mechanisms are discussed in
this paper.

2 CASE HISTORY OF THE TEMPORARY
EARTH SUPPORT COLLAPSE

2.1 Outline of the construction work

This accident occurred at the building construction
site which had an excavation area width of 17.6 m
and length of 30.3 m as shown in Figure 1. Figure
2 shows the results of a boring log geological sur-
vey.

The main piles were used as a temporary earth
support system with the lateral wooden sheeting
method. The length and the interval of the main
piles were 15 m and 1 m, respectively. The diame-
ter of the ground anchors was 117 mm, the length
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Fig. 1 The ground plan and location for the boimgestigation
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Fig. 2 Boring log of the construction site

was 20.5 m (effective length 5.0 m), the angle was
45 degrees and the horizontal interval of the an-
chors was 2.5 m.

2.2 Stuation relating to the accident occurrence

In the morning that the accident occurred, at
around 10:00 a. m., workers noticed that some H-
steel piles on the east side had not penetrated be-
low the excavation bottom. The engineer in charge
felt there was a danger of a collapse, and he toied
reinforce the main piles with additional remedial
piles and blind concrete.

At around 1:15 p.m., with a loud noise, the cen-
tral 15 m of the temporary earth support structure
on the east side collapsed suddenly with the ground
behind the support. The ground slid into the exca-
vation area with a soil volume of approximately
200 nt and a maximum thickness of approximate-
ly 4 m.
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(c)‘ Damaged H-Z?él for anchor head
Fig. 3 The scene of the collapse accident

Due to this collapse, eleven H- steel piles top-
pled. Four workers at the bottom of the excavation
site were buried alive and three workers were
struck by H- steel piles. As a result, five workers
were killed and two others were injured.
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Fig. 5 The cause of a shortage of embedded deystest pile walls

2.3 Estimation of the mechanism of the collapse

The sequence of collapse is shown schematically
in Fig. 4. The mechanism of collapse is summa-
rized as follows;

1) Remedial work was being performed on the ex-
cavation bottom despite insufficient penetration
of the main piles. It is assumed that, due to in-
sufficient penetration, the earth pressure caused
the displacement of the main piles.

2)The main piles were supported by the ground
anchors installed at an angle of 45 degrees from
the horizontal plane. Downward force provided
from the anchor's tensile force made the con-
nection between the wale which supported the
anchor heads and the anchor heads ineffective.

3) Finally, the unstable earth support structure led
to a huge-volume soil collapse.

The cause of insufficient penetration of the
main piles was shortage of excavation at the upper
site; due to an engineering error which disregarded
the plane of design as shown in Figure 5.

2.4 Monitoring

Instrumentation is usually required to monitor
the performance of a sheet pile structure during
construction. Measurements of movements and
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Fig. 6 Cross section of profile of two layers
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Fig. 7 Model of sheet pile wall

pressures furnish valuable information for use in
verifying design assumptions. Most importantly,
the data may forewarn of a potentially dangerous
situation that could affect the stability of theust
ture. In this construction site, however, only aku
inspection was used, such as checking for unusual
surface signs.

3 CENTRIFUGE MODEL TESTS

3.1 IJNIOSH NIISMark 11 Centrifuge

Centrifuge model tests were conducted to examine
the failure mechanism of this accident, such as the
retaining wall supported to ground anchors. All the
tests described here were conducted using the
JNIOSH NIIS Mark 1l Centrifuge (Horii et al.
2006).

3.2 In-flight excavator

The in-flight excavator developed by Toyosawa et
al. (1998) was used in this paper. In this test, fo
the excavation, this excavator can rake the so#l ho
izontally by using a cutting blade. The movement
of the in-flight excavator was controlled manually
from the centrifuge operation room which is in the
upstairs of the centrifuge. The model ground was
excavated in steps up to the occurrence of collapse
where the excavated height of each step was about
5mm or 6 mm.
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Fig. 8 Physical modelling of broken anchor head

Wood
(Ramin)

Load cell

Displacement (mm)
(b) Load — displacement curves in pullout test
Fig. 9 pullout test

3.3 Mode preparation

From the boring log of the construction site shown
in Figure 2, the excavation site consists mainly of
Kanto loam (a kind of volcanic cohesive soil in Ja-

pan), sand and silt layers. In this paper, (1) i& un

layer of sand, and (2) a strata of Kanto loam and
sand layer were tested.

3.3.1 Sand layer

Toyoura sand was poured uniformly into an almin-
ium model box in which wall and anchors had
been set. The relative density of sand was about
90 %.

3.3.2 Kanto loam and sand layer

Toyoura sand was poured into the aluminium
model box to a designated level. Then Kanto loam
was placed and compressed on the sand layer. The
profile of the model is illustrated in Fig. 6.

An aluminium model box with internal dimen-
sions of 100 mm (w), 450 mm (I) and 272 mm (h)
was used. A Perspex window was installed in one
side of the box in order to observe the model dur-
ing the centrifuge test. The model sheet pile was
inserted to the predetermined penetration depth.
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(Unit: mm)

Fig. 10 Model setup

The model anchors, which were 1.0 mm diameter
wire ropes through Teflon tubes, were installed at
45 degrees and the ends of wires were connected to
the load cells. Figure 7 shows the model of sheet
pile (2 mm thick aluminium) with eight earth pres-
sure sensors and six strain gages.

3.4 Modelling of broken anchor head

Figure 8 gives the experimental system for the
broken anchor head used in this study. The mecha-
nism of the broken anchor head is as follows. & is
problem of a simply supported beam of length B,
and cross sectiom, carrying a tensile force. A se-
ries of pullout tests is carried out to clarify ttwet-
tleness of the anchor head model as shown in Fig.
9(a). Fig. 9(b) shows typical examples of how the
beam of length B, would change the load - dis-
placement curves for the case of wood (ramin) and
cross sectiong, of 3mm. Comparing the data ob-
tained from the beam of length B, it can be clearly
seen that there is a decreasing maximum load as B
increases. In this study, the model anchor head
used was wood (ramin), B of 20 mmp,of 3mm
from tensile force 90N at failure by Toyosawa
(1998).

3.5 Test procedure

Figure 10 shows the model setup in the aluminium
model box. The sensor’s pressure value and bend-
ing moment on the model sheet pile were initial-
ized prior to the model setup. Preloading for each
anchor was adjusted to 9.8 N before testing. The
centrifugal acceleration was then increased to 50g
for each test. Once every sensor’s value was stable
the excavation started. To simulate the real acci-
dent, the ground in front of the model sheet pile
was excavated by the in-flight excavator to a depth
of 9.5 m near the end of the sheet pile.
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4 TEST RESULTS AND DISCUSSIONS

4.1 Sequence of failure

Figure 11 shows the profile of each model after
failure. Figure 11(a) shows the model with sand
layer after failure. During the excavation process,
the penetration depth of the wall decreased step by
step as excavation proceeded. Failure occurred
when the penetration depth of the wall reached
about 35 mm and continuous failure with a small
displacement emerged with each excavation step.
Figure 12 shows the ground displacement field be-
hind the model sheet pile at the final excavation
step using PIV (Particle Image Velocimetory, Kik-
kawa et al. 2006). The failure line angle was about
65 degrees.

The model consisting of Kanto loam and sand
layers is shown after collapse in Fig. 11(b). The
failure happened suddenly when the penetration
depth reached about 60mm. The failure line’s an-
gle in the sand was about 65 degree.

4.2 Earth pressure and bending moment on sheet
pile walls

The measured earth pressure (total lateral stress)
on the model sheet pile together with depth during
increasing centrifugal acceleration and excavation
processes are shown in Fig. 13.

The active and passive earth pressures increased
during excavation rather than with increasing cen-
trifugal acceleration. For the sand layer model
(Fig. 13(a)), both pressures rapidly increasedhat a
excavation depth of 35mm. For the Kanto loam
and sand layer (Fig. 13(b)), the active pressure ex
ceeded 60 kN/fmand the passive pressure exceed-
ed 120 kN/rfi at an excavation depth of 60mm.

The variations of the bending moment with the
depth of wall are shown in Fig. 14. The bending
moment increased almost uniformly as the centrif-
ugal acceleration increased. On the other hand,
during excavation, the moment at the middle of the
pile rapidly increased while the moment of the pile
at the excavation surface decreased as the excava-
tion depth increased. Therefore, the pile was bent
significantly as the upper part of the pile stuck o
while the pile at the excavation surface did not
move much. This suggested that the anchor head
suffered severe tensile force due to the bent pile.

4.3 Tensileforce acting on anchor

Figure 15 shows the measured tensile force acting
on the anchor with increasing centrifugal accelera-
tion and excavation steps. The values in this &gur
were the average of the two anchors which were
set in one model.

The tensile force increased with increasing ac-
celeration in each test. During the excavation pro-
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(b) Kanto loam and sand layer
Fig. 11 Profile of models after failure

0 1
Fig. 12 PIV analysis in the case of the sand layer

cess, tensile force increased gradually prior & th
failure in both cases. It should be noted thatehos
tensile forces were almost the same as the capacity
of the anchor head as shown in Fig. 9, or had al-
ready exceeded the capacity.

Therefore, it is believed that the active and pas-
sive earth pressures increased during excavation
and then caused the anchor head to break. As a re-
sult the retaining wall and the ground behind the
wall collapsed suddenly.

5 CONCLUSIONS

In this study, the case history of the labour aecid
involving the collapse of the anchored retaining
wall was introduced. In order to understand the
mechanism of the accident, we performed the cen-
trifuge model tests in which model ground in front
of the anchored retaining wall was excavated using
an in-flight excavator.
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Based on the results of centrifuge model tests, it
was revealed that the active and passive earth pres

sures in the retaining wall increased during excava

tion and the anchor head exceeded the capacity
with respect to the tensile stress. As a resudty¢h

taining wall and ground behind the wall collapsed

suddenly.
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