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1.Introduction

The deformation and stability of slurry trench wall depend mostly on the equilibrium between supporting slurry pressure and
total lateral earth pressure, of which the value at static state is expressed as follows:

o,=Kxo’ +u +u (u,: excess pore pressure; u,: hydrostatic pore pressure)

When the wall displaces towards excavation side, the lateral pressure gradually decreases to a value between static state and
active state. If the supporting slurry pressure is large enough and the wall has not deformed excessively, a stable state is usually
established [1]. However, in case of under-consolidation clay ground, for example after reclamation, due to the existing of consid-
erable large excess pore pressure, the equilibrium may not be satisfied and the wall displaces in form of failure. With in a numerical
analysis, the measured data of pore pressure in the ground could be used to simulate the subsoil initial condition and the effect of

excess pore pressure in the failure mechanism of trench wall could be clarified.

2. Experiment of trench excavation ,

Figure 1 shows the soil profile and basic data of the experimental trench excavation site. The pore water pressure measured just
before excavation reveals the existing of excess pore pressure in soft clay layer, which had not completely dissipated under the
overburden load of reclamation. The trench was excavated to GL. —20m in 5 days, using slurry of y, =11.3kN/m* maintained at GL.
~0.3m. Even with this relatively large unit weight of the slurry the trench walls deformed excessively and finally touched each others
(see Figure 2). Comparing with other experimex;la] trench excavation sites in similar soil stratum, it may consider that one of the

causes of this failure was the under-consolidation condition of soft clay layers.
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3. Numerical analyses

1

T
=
GL -2.6m Slurry level

v
= Ground water level

Numerical analyses were performed by mean of the
coupled analysis FEM program SAGECRISP 4.02. The

analysis model is shown in Figure 3. Input parameters

v GL-5. 6mArtesian head - -0 - Immediaterly after excavation

Pore water --o— 3 hours after excavation

pressure —~A— 24 hours after excavation
measured before
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of soil models are summarized in Table 1. The parameter _ <Jsturny excavation o 2.0m
determination procedure of clay layers is as follows: £ o Excess pere Toam
T = pressure E.' 10— ¥
sin¢’ = 0.81 - 0.233xLog(PI) (Kenney, 1959) g et 2 measuring point
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Eo = ZIOXCU ( Takenaka, 1962) pressure
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The initial stress was set up with two cases of normal
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tion as shown in Figure 4. Elastic and Mohr-Coulomb Fig-1. Experimental trench excavation ~ Fig-2. Trench wall displacement

elastic-perfectly-plastic soil models were used with each .

initial stress condition setting, resulting in 4 cases of e I C,v,]m,,[ )\i l Lm
analysis (Table 2). e ISR

Table-1. Soil properties ' Ezz‘o’;;:’: : Sui d'zy]

Layer IP/N k E, v K G, ¢ E:z]ll_:f :‘”:yz

KN/m® mysec  kN/m’? KN/m?  deg ] T
Fill 10 18 1.0E-3 2.80E+4 0300 0426 O 35.0 ]
Softclay 1 59 16 SOE-9 3.15E43 0356 0.553 15 234 ! R
Soft clay Z 67 16 S.0E-9 420E+3 0361 0.565 20 22.6 3 T
Softclay 2 70 16 S5.0E-9 525E+3 0363 0570 25 223 r;%ﬁm
0

Stiff sand 40 20 1.0E-3 5.60E+4 0.227 0.293 45.0

Fig-3. Analysis model
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Table-2. Analysis cases U U I N ]
Case 1|Case 2| Case 3| Case 4 Effective vertical stress | \ Effective vertical stress |

Soil Elastic O O a Pm}e water pressure: A Pore{waler pressure ]

B ' Total 1 LC Total ]

model M ohr-Coulomb O O - norimontal 1 F horizontal ]
Initial tress | Normal consolidation|] O O A'IO [ X/ stress T 9\ U stress ~ T ]
.. . . g - B - ) g
condition | Under consolidation O O & - prective 1 [ Efffctxve 1
= B . i B horizontal ]

4. Results of Analyses a [ horizontal f [ stress
. . 8 - stress E - X g

The results of the analyses are presented in Figures 5-7. [ 1F ]

. . 20 W\ 4 F\V N/t -\ .
Fig. 5 shows the displacement of slurry wall at 3 hours after i 1 ]
finishing the excavation. Best agreement with experimental - 1F ]
data was obtained in case 4. More over, only in this case, B 1E ]
when the time effect was taken into account, the excessive [ P I ]

. . . . 0 200 4000 200 400
deformall(.)n of the Wi'i]] in form of failure was }')redlcled. The Pressure (kN/mz) Pressure (kN/mz)
plot of soil status (Fig. 6) reveals the spreading of a large (a) Normal consolidation (b) In-situ under consolidation
yielding zone from the soft clay up to the filling layer. In case Fig-4. Initial stress condition.
3, on the conlrary, the yielding zone has just started from the 0 , ;
trench bottom. It’s eliminated that the excess pore water ln‘s““_““‘_ie’

. . X . consolidation
pressure intensified the wall deformation not only by in- | (Case 4)

. . -S5H

creasing the lateral pressure but also by flowing the soft 3
clay layers into yielding.

Fig. 7 presents the variations of pressure constituents at 10 ot 7
GL.-14.5m and GL.. -18.0m, one meter away from trenchwall =
during excavation in case 4 of analysis. It is obsefved that in g‘ 15k
proportion to the increasing of wall displacement, the total
pore pressure considerably decreases and the effective hori-
zontal pressure slightly increases. The resulting total lateral 20 , onljglr inc;:tli on ]
pressure decreases during the excavation to a stable value [ Yy, homssl:;:::i:rv:‘;lvmon (Case3) H
at the end of the process. In this case, however, the slurry P (in-sim measyrement data) 1 [

ressure is smaller than this value both at GL.-14.5m and 20 o 0
p o ) Wall displacement (cm) Fig-6. Yielding zone with
GL.-18.0m. The equilibrium state could nof be established Fig-5. Wall displacement different initial stress condition
and the wall destructively deformed. Besides, the pore wa- (3 hours after excavation) setting (Case 3 & Case 4)
ter pressure has the tendency to recover to hydrostatic pres- GL. Om P rrr 1]
sure when the elapsing time is large enough, due to which i : f f f ]

a1 - .. GL.-10f—------- R GL.-10.5m ... e e —

the lateral pressure will increase significantly. That is, ina - ; ‘ - e : ]

long time analysis a higher slurry pressure is required to L [ Excavation Time-line C GL-19m oy oo ]

GL. 20 |------- . s S REEE ' -]

keep the wall stable. - : Z ! ]
5. Conclusions 250~ . e GL s AN p -

The excess pore pressure has critical effect on the stability : 1 &

, . 2 TLP,GL.-18.0m |} <

of slurry trench by increasing the water pressure acting on « 200 : g AT T 220 E
. . . S ; ' .

the wall and reducing the effective stress which leads to the = TLPGL-145m] &

o . caeae ] 3
yielding of soft clay layers when the wall undergoes exces-  150f~ " == - oo rorm e o g e 1 =
sively deformation. 2 TPRGLaRom | 5

. . . - . 8 ' J10=

Numerical analysis may yield good prediction with proper & 100 ] éc

input soil parameters and appropriate setting of initial stress EHP, GL..18.0m : ]
. R)] ev— o P A P -
condition. [ EHP.GLA4SH ot cement’ €= Wall displacement ]
i . (GL. -14.5m), (GL. -18.0m) ]
References (0 b I T STy n | BT 0
1. Tamano, T. et al (1996): Stability of slurry trench excavation 0 20 40 60 80 100 120

in soft clay, Soils and Foundations, Vol. 36, No.2, pp.101-110. Time (hour)

2. Woods, R. and Rahim, A. (1999): Sage-Crisp technical refer- Fig-7. Variations of effective earth pressure (EHP), total pore water
ence manual, SAGE Engineering Lt pressure (TPP), total lateral pressure (TLP) and wall displacement

~399- EARFRFERO M E R A S CEAK134£101)



