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Failure Chracteristics of Sheet Pile Wall in Centrifuge Tests

by Yasuo ToyosawA*, Noriyuki HORII* and Satoshi TAMATE*

Abstract . Accidents due to trench failure frequently occur on construction sites. One of main causes
of these accidents is shallow penetration of sheet pile wall or insufficient support such as neglecting
struts etc.

To study these kinds of sheet pile wall failure characteristics and mechanisms due to excavation,
centrifuge tests were undertaken on trench model and vertical cut model with installation of sheet
pile walls in the preconsolidated kaolin clay.

The progress of deformation of the sheet pile wall during excavation was analyzed from the
displacement of targets set on the model measured from a sequence of photographs taken at intervals
of about 0.3 seconds until the model collapsed. From the measured lateral earth pressure around

. sheet pile wall and the calculated strains, the development of strains such as &, &, ¥max up to collapse
were evaluated.

Based on the results of centrifuge test, the following conclusions were obtained. :

(1) The rotational failures of wall around the prop at the top were observed in case of shallow

penetration sheet pile walls. On the other hand, for the unpropped sheet pile walls, toppling failures

rotating around toe area observed.

(2) For the shallow penetration sheet pile walls with struts at the top, at the onset of failure, the

earth pressure were concentrated on the penetration area sheet pile walls and then it led to the base

heave below the base of excavation. In this case, the active earth pressure was growing consider-
ably larger than the designed earth pressure.

(3) Photographic measurements showed that, prior to failure in sheet pile walls with struts, the

strains were concentrated around the base of excavation in passive side and the toe of wall in

active side. However, in unpropped sheet pile walls, the strains were observed around the toe of
excavation ares behind the sheet pile wall and then a crack appeared behind the top of slope at the
" surface.

(4) Width of excavation and penetration depth of sheet pile wall were the major factors of sheet

pile wall stability within these test condition, narrower width of excation and deeper penetration

made sheet pile wall more stable.

(5) Because of the development of strains around the area of penetration of wall the beginning

of failure, it was regarded the strength of these area of the model grounld effects the stability of

wall.

(6) As mentioned above, depending on the conditions of props, the different characteristics of

shear strains and earth pressures around sheet pile wall were observed in centrifuge tests.
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Table 1 - Major specification of the centrifuge."
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Maximum effective radius (mm) 2310
Maximum acceleration (G) 200
Maximum payload (kg) 500
DC motor capacity (kW) 150
Dimension of strong box (cm) 45X 15X 30
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Fig. 1 Model of sheet pile wall.
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. Table 2 Index properties of the kaolin clay.
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Liquid limit 48.2%
Plastic limit 34.7%
Plastic index 13.5

Specific gravity 2.73

Grain size silt 31%
Distribution clay 69%
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Fig. 2 Cross sections of model grounds.
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~Table 3 Summary of test conditions.
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Dimension of Penetration Pre-
Test Model Excavation Depth of Existence | consolidation Simulation of Excavation
Name | Shape Width Depth | Sheet Pile of strut Pressure wa ©
(cm) (cm) Wall (cm) ¢’ve (kgf/cm?)
Simulating the progress
D1 Trench 5.0 13.0 2.0 Yes 1.5 of excavation by draining
a heavy fluid at 50G.
D2 | Trench 5.0 13.0 2.0 No 1.5 ditto
Vertical Simulating excavation by
D3 cut — 13.0 2.0 — 1.5 increasing centrifugal
acceleration.
‘pg | Vertical 13.0 4.0 - 1.5 ditto
cut
D5 | Trench 10.0 13.0 2.0 Yes 1.5 ditto
D6 | Trench 10.0 13.0 4.0 Yes 1.5 ditto
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Photo 1 Sequence of failure in sheet pile wal! (Test
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(b) Test D 4.
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Fig. 3 Displacement vectors.
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Photo 2 Failure of sheet pile wall.
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Photo 3 Deformation of the sheet pile wall prior to
failure (unpropped). (Test D 4)
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Photo 4 Failure of sheet pile wall (unpropped).
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Table 4 Strength parameters of the

clay model.
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Fig. 6 Distribution of principal strains.
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