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5. Deformation and Failure Characteristics of
Trench Excavation in Centrifuge Tests

by Yasuo TOYOSAWA®, Noriyuki HORII*, and Satoshi TAMATE"

Abstract ; Accidents due to trench failure frequently occur on construction sites. Statistical
analysis shows that more than 90 % of fatal accidents during trench excavation in Japan,
occurred as a result of collapse of un-supported or insufficiently supported trench walls.

To study un-supported trench deformation characteristics and failure mechanisms due to
excavation, centrifuge model tests on preconsolidated kaolin were undertaken.

Two types of model test were carried out using centrifuge. In the first series of test, trench
excavation was simulated by the in-flight draining away of a heavy liquid from a trench at
the predetermined acceleration. In the second series, the acceleration increased until failure
occurred in the model vertical cut.

The progress of deformation during excavation was analyzed from the deformation of
targets on the model measured from a sequence of photagraphs taken at intervals of about 0.3
seconds until the model collapsed. From the calculated strains the development of ¥max up to
collapse was evaluated.

Based on the results of centrifuge tests simulating excavation, the following conclusions
were obtained. : '

(1) The similar circular arc failure surfaces were observed in all vertical cuts (SLV test
series), irrespective of the strength of the model ground. On the other hand, for trench
excavation (TRE test series), both wedge type failure and circular arc failure were obser-
ved.

(2) Photographic measurements showed that prior to failure, the strains were concentrated
around the toe in vertical cuts (SLV tests). However, in trench excavation (TRE tests), the
strains were observed over a large area behind the trench wall. ,

(3) For both trench and vertical cuts, at the onset of failure, the strains were concentrated
around the toe of the slopes and the shear band appeared in this area first.

(4) Using the stength parameters from triaxial compression tests on K, specimens taking into
account the effect of strain rate, the simplified Bishop’s method based on a circular failure
surface gave excellent agreement with the observed failure mode in the centrifuge tests.

Keywords ; Trench failure, Collapse, Centrifuge, Model test, Excavation, Slope stability, Clay
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Table 5.1 Major specification- of the centrifuge.

EONHTEBOE 04HF
Maxmum effective radius (mm) 2310
| Maxmum acceleration (G) 200
Maxmum payload (kg) 500
DC motor capacity (KW) DC 150
Dimension of strong box (cm) Zgiigigg
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Fig. 5.1 Cross section of the centrifuge.

BOHHAFTREOMER

Rubber Control panel
bag

Model .

ground} Zggkv_ Slip rings

. - ||Rel ov Slip rings for
B’Sé"age power supply
Main shaft of
Electromagnetic centrifuge
valve
Manual valve
Reservoir

Fig. 5.2 System for simulation of excavation.
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Table 5.2 Index properties of the kaolin
clays.
AFN) R OMEEEEL

MCkaolin | NSFkaolin
Liquid limit 86.9 % 48.2 %
Plastic limit - 34.7% 34.7%
Plastic index 52.2 13.5
Specific gravity 2.69 2.73
Grain size - Slit12% | Slit31%
distribution Clay 88 % | Clay 69 %
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Fig. 5.3 Trench model for TRE test series.
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Fig. 5.4 Vertical cut model for SLV test series.
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Table 5.3 Summary of test conditions and results.

KEREMFLBER
Rate of excavation Depth of Excavation
Test )
Name o’y wb [ Ge Model | Prototype | model | prototype | Progress of failure | C,d (F g )mine
kgf/em?| % g mm/sec cm/hr cm m kef/cm?
TRELT | 15 | 63.3 |50 | 3.4 2% - —  |Sequential collapse|
‘ of both sides
Wedge type col-
TRE?2 15 | 57.7 | 50 5.6 40 15 7.5 |1apse onesideonly, | o, 1.12
shear band observed
at the opposite toe.
TRE 3 2.0 | 54.6 | 70 1.1 6 14 9.8 | Vedgetypecollapse| ;4 0.94
of both sides
Wedge type col-
TRE 4 2.0 | 5.1 |8 | 111 50 13 10.4 | !apse onesideonly, |, 49 0.92
shear band observed
at the opposite toe.
Circular arc type col-
TRE5 2.2 | 53.2 | 80 8.0 36 12 9.6 |lapse, shear Dband| . 0.99
propagated gradu-
ally. :
Circular arc type col-
SLV1 1.5 | 59.6 | 55 | NA® NA 12 6.6 |.apse. shear band| , . 0.97
. propagated gradu-
ally.
SLV2h 1.5 . 57.6 55 NA NA 12 6.6 0.27 0.96
SLV3 2.0 56.6 80 NA NA 12 9.6 0.36 0.86
Circular arc type col-
lapse, shear band
SLV 4 1.5 47.3 37 NA NA 16.5 6.1 - -
progagated gradu-
ally.
' Crack at the surface
SLV 5 1.5 48.9 45 NA NA 13 5.9 appeared at initial - -
stage.
a Preconsolidation pressure
b Average water content at the end of test .
¢ Acceleration during test, constant for TRE test series. For SLV tests tabulated values are approximate
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values at which collapse was observed.
Obtained from Cu/¢’vc = 0.18 for TRE3 and SLV tests and 0.19 for other tests.
Safety factor for critical circle
Collapse occurred as soon as drainage of fluid started.

Not applicable
This model ground was reconsolidated in the centrifuge at 100 G for 40 hours before trimming.
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Table 5.4 Summary of conditions and results of triaxial compression tests.

SHITFREROSGLER
Test K2 w" P’cc G"vcd gt Cuf Czt/G,vc
Name % kgf/cm? kegf/cm?  %/min || kgf/cm?
152082 1.00|49.2 2.0 2.0 0.02 0.43 0.22
AS2082 | 0.70 | 52.8 1.6 2.0 0.02 0.37 0.19
AS20S5 |0.70 | 52.9 1.6 2.0 2.00 0.41 0.21

I = PR B o S

K=0’1/6’» during re-consolidation
Water content at end of test
Mean effective pressure at the end of re-consolidation

Preconsolidation pressure (effective vertical pressure corresponding to P’c)
Strain rate during triaxial compression
Undrained shear strength, Cu =@max/2
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. Photo 5.1 Deformation of the ground model just
before and just after the collapse (TRE 4).
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Phot0_5.3 Sequence of failure in vertical cut (SLV1).
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Photo 5.4 Sequence of failure in vertical cut (SLV 4).
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Fig. 5.6 Principal strains and vectors (SLV 3).
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Fig. 5.8 Principal strains and vectors (SLV 4).
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Fig. 5.12 Maximum shear strain ymex (SLV 4).
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