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Deformation Behavior at Failure of Saturated Cohesive Soil Model
Grounds in Geotechnical Centrifuge Model Tests |

by Noriyuki HORIT*, Satoshi TAMATE* and Yasuo TOYOSAWA*

Abstract; In-recent years, construction work has been increasing in number for the development of
infrastructures such as water and sewage works. Excavation work is very common to construction
work since most of the work have been performed on or under ground. For this reason, hazardous
situations associated with slope failures during excavation work have been gradually increasing.
In fact, many slope failure accidents have occured in Japan every year.

This study is focused on the deformation behavior at failure of model grounds. To clarify the
failure mechanism of slope is very important to establish the effective countermeasures for the
prevention of slope failure accidents.

Centrifuge model test is a very effective test procedure in which the same failure phenomena.
can be reproduced in the test facility and it gives comparable results with those in the real scale
soil structures such as slopes and trenches. '

Two kinds of experimental studies have been carried out.

@ Centrifuge model tests of trench excavation using an in-flight excavation simulation sys-
tem.

The excavation process was modelled by draining the fluid, having the same specific gravity,
from the pre-formed trench in the in-flight conditions. ' ‘

@ Centrifuge model tests of vertical slope. -

In this test, centrifugal force was increased until the slope failure occured

The main results obtained in this study can be summarized as follows:

1) In the failure experiments of vertical slopes, the failure planes designated circular shapes
and almost the similar results were obtained at all tests in spite of differences of strength of
grounds. On the other hand, in the simulation tests, 3 types of failure patterns could be recog-
nized. First type was a continious failure from the surface. The others were wedge type failure
and circular type failure.

2) The prototype failure heights were reasonably converted into the real scale heights. When
the consolidation stresses were almost uniform at the pre-consolidation stage.

. 3) Behavior of ymax up to the failure was observed with photographic measurements. In
the progressive failure recognized, the strains are concentrated at the toe of slope in initial stage
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and the shear band appéared at this area, and finally this shear band developed upward to the

ground surface.

4) The clear sliding line was formed when ymax was reached to around 14%. This results

would support the definition of the failure strain which is adopted in the element test in labora-

tory.

Keywords; Centrifuge, Model Test, Failure, Deformation, Stress, Strain, Trench, Slope, Excavation,
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Schematic diagram of centrifuge
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Schematic diagram of trench excavating sys-
tem
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Table 1 Principal performances of centrifuge
BONBHRBEDEERT
i | A b
B K DR E 200G
BREBWE  (kg) 500
w®% K NE 2.680
| 8 ¥ % (m) B oW | 2.310
AR L 2
oL B 300
EBKEEEK (rpm)
B g 1750
= & BT 150 Kw
* E B # B & ZEH 1750 rpm
B8 g
oW A 80 &
AV 7N 7
B H A | 100 V2 (A& 30A)
Table 2 Physical properties of Kaolin-clay Vw7 v 7B LTHBED T — & ul— izl
hE Y AHEEOHIEE L7
WIERS LL=86.9% 23 =EHE
BERE PL=34.7%
i 231 BRHOEME
ksl Pl=52.2 AL, BEMLL R CRBRE ) 2l
xr = Gs=2.69 RFIREIE T 2 R L L, 24 ) SRR Bk
- WL W TERZIT 72, ERICHCWAAY VHG
g 12% _
RLEE 537 5+ 5 88% M DYEELIL, Table 2 ITRL72EBNTH 5,
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HOTH b,
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RIS Ta~=EY) 247% > T, 35 mm DERRH
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B% XY —IfRFF U CERMIRIZ L,
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B A ) ANEEBREMZ, BRI 150D T —%
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60D R Z ) —BIER L, S 5I22%T 24 R
f[EITH 72,

232 BHOFERFZE

BRI D/ERIC H 72> TIIFTEDRE 2 H 2%
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WEE, KBEoxa77L3) ¥ —2HAnwT, Lk
A L BARIC & D B E & REMIC LT TESR
L7z TFIEER, WEHEKSEMST 24 Rl @ I EER
E#% 0.5 kgf/ecm? 00 LR IR THT->TH Y, BKT
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Table 3 Summary of experimental conditions and results
RREHRUKR
EERRED JEFERE SEEyE KL RO wE L
RERa— ik ik EOMEE | RASESS | BEERE
(kgf/cm?) (%) (G) ()

SLV1 SRTEANE 1.5 59.6 50 6.0 .
SLV2 R 1.5% 57.6 50 6.0 - AR
SLV3 Fig. 4, a) 2.0 56.6 80 9.6
TRE1 1.5%* 63.3 50 — « IR
TRE2 R AR 1.5 57.7 50 5.6 < REHP DL
TRE3 Fig. 4, b) 2.0 54.6 70 8.4 45° D HE R
TRE4 2.0 55.1 80 9.6 #7egD
TRES5 2.2 53.2 80 8.9 + PR
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Table 4 Excavating velocity in each simulation
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. T B
ERa2—F
model prototype
(mm/sec) (m/hr)
TRE1 3.4 0.24
TRE2 5.6 0.40
TRE3 1.1 0.06
TRE4 111 0.50
TRES 8.0 0.36
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b) Slow excavation({TRE3)
Fig. 12  Relation with ~Ymax, excavated depth and

elapsed time
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