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Abstract: The slurry trench has become increasingly com-
mon in underground engineering and the stability of a
slurry trench has been an important design issue. Al-
though many studies have focused on the overall stability
of a slurry trench, few of that are related to its local stabil-
ity. Based on the limit analysis, both two dimensional and
three dimensional rotational failure mechanisms for the lo-
cal failure of a slurry trench in a sandwiched weak layer
are proposed, and the upper solutions of 2D and 3D safety
factors for local failure mechanisms are derived to evalu-
ate the stability of a slurry trench. Moreover, a numerical
analysis combined with the strength reduction technique
is performed to investigate the local stability and the local
failure process of a slurry trench. The proposed analytical
method is verified through the comparison with the results
of FLAC3D. Finally, a parametric study on the influences of
geometric and geologic parameters on the local stability
of the slurry trench are investigated. The results show that
the investigation on the local stability of a slurry trench is
effective and reasonable, which can provide a reference for
the engineers in the practical engineering.

Keywords: Limit analysis; Slurry trench; Local stability;
Numerical simulation; Safety factor

1 Introduction

A slurry trench is built for some reinforced concrete
walls such as cut-off walls adjacent to groundwater or di-
aphragm walls surrounding tunnels and open cuts to lay
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foundations. A slurry trench has become increasingly com-
mon in underground engineering. Therefore, the stability
of a slurry trench is an important design issue. There are
typically two kinds of slurry trench failure, namely the
overall and local failure. The overall failure tends to oc-
cur at the shallow layer of soil and then the failure zone
propagates to the ground surface leading to the failure
of slurry trench. While there is a relatively weak layer be-
low the ground surface, the local failure of the weak layer
would occur and influence the stability of the slurry trench,
which could cause the unstable soil to flow into the slurry
trench inducing lateral extrusion of the trench wall, even
causing damage to the nearby architectural structure and
buried pipelines, as shown in Figure 1.

There have been several methods adopted to investi-
gate the overall stability of a slurry trench. For good re-

Figure 1: Concrete overflow caused by local failure of a slurry trench.
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producibility, numerical simulations have been performed
to investigate the stability of a slurry trench and visual-
ize the failure zone [1-4]. The limit equilibrium analysis
methods investigate the bearing capacity problem by pre-
supposing a failure mechanism and considering the static
equilibrium of the failure zone [5-11]. Different influence

factors of slurry trench are considered in these references.

Moreover, Han et al. [12, 13] attempted to adopt the limit
analysis to study the stability of a slurry trench for 2D and
3D failure mechanisms.

However, the references above mainly pay attention to
the overall stability of a slurry trench but neglect the lo-
cal stability of a slurry trench, which is also easy to occur
when the geological condition is a weak soil layer sand-
wiched between two relatively stronger layers. In this case,
the failure zone develops in the weak layer of the soil, and
then the soil of weak layer near the trench wall will fall
off and bury the slurry trench, which could severely affect
the safety of engineering and cost more subsequent con-
struction effort. With regard to the local stability of slurry
trench, Tsai et al. [14, 15] and Shen [16] studied the prob-
lem of local stability of sandwiched weak soil in a slurry
trench by adopting the limit equilibrium method to anal-
yse the stress distribution on the trench surface. Xiao and
Sun [10] investigate the local stability of a slurry trench
through the centrifuge model test and found that the slurry

trench is prone to a local failure in a sandwiched weak soil.
It is worth noting that Han et al. [13] proposed the local fail-
ure mechanism of a slurry trench based on the limit analy-

sis, but their work is limited in the purely cohesive soil.

In this paper, the purpose is to adopt the limit anal-

ysis to develop a 2D and 3D local stability analysis of a

slurry trench in a cohesive-frictional soil (weak layer) sand-

wiched by two relatively stronger soils. And a formula to
determine the safety factor of local stability of a slurry

trench is derived to obtain the upper bound solution. Be-
sides, a numerical method combined with the strength re-

duction technique is presented to study the local stability

of a slurry trench. Through the comparisons of results be-

tween the numerical method and analytical solution, the
effectiveness and reasonability of the analytical approach
is verified. Finally, a parametric study of the influence on
the safety factor is carried out.
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2 Limit Analysis for Local Stability
of a Slurry Trench in
Cohesive-Frictional Soils

The main advantages of limit analysis lie in its simplic-
ity and rigorous theoretical basis considering the stress-
strain relationship of soils without a prior assumption on
the failure surface and stress distribution. There have been
a number of research investigations related to the applica-
tion of limit analysis to the slopes and tunnels, and it is
shown that studies based on limit analysis have provided
satisfactory results [17-27]. Therefore, this paper intends
to apply the limit analysis to the local stability of a slurry
trench. 2D and 3D rotational local failure mechanisms of a
slurry trench suitable for cohesive-frictional soil (cohesive-
frictional soil ¢ # 0¢ # O, purely cohesive soil ¢ = 0, and
purely frictional soil ¢ = 0) are presented.

In order to follow the limit analysis theory, some
assumptions must be made to simplify the complicated
field conditions of a slurry trench into explicit theoretical
model:

First, a kinematically admissible velocity field is as-
sumed to satisfy the normal flow rule (equal dilatancy and
friction angles ¥ = ¢) associated with the yield condition
of the soil and the boundary condition of the failure mech-
anism, and the Mohr-Coulomb yield criterion is applied in
the analysis. The associated flow rule requires the follow-
ing relationship among the principal strain rates in the 3D
analysis:

é1+é2+é3+(é1—é2—é3)3h’1§0=0 (1)

Where &1, &;, &5 are principal strain rates and ¢ is the fric-
tional angle.

Second, the thyxotropy of the slurry is assumed to
make itself solidify and form a "cake" on the interface be-
tween the soil and slurry to prevent the fluid percolation in
the soil. So the slurry and the underground water (if there
is underground water) exerts a triangular hydrostatic pres-
sure on the trench face, respectively.

Third, the local failure of a slurry trench is confined to
aweak soil layer sandwiched by two stiff soils, the problem
schematic is defined in Figure 2.

The dissipation rate Wy is calculated as the summa-
tion of the dot product of the elementary area and the ve-
locity, as follows:

Wp=c- cos<p/vidS,~ 2
St
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Figure 3: 2D rotational mechanism schematic for the local failure of
a slurry trench.

where c is the cohesion, S; is the discontinuity surface sur-

rounding the failure mechanism of slurry trench. v; is the
velocity vector of elementary area dS;.

The work rate done by the soil weight W is calculated
as the summation of the dot product of the elementary
block weight and the velocity, as follows:

We = /%'VidVi (3)
v

where ~; and v; is respectively the unit weight and the ver-

tical component of velocity of elementary block dV;.
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The work rate of the slurry pressure Wy, is calculated
as the summation of the dot product of the slurry pressure
of the elementary area and the velocity, as follows:

Wy = /Psrividsi (4)
sin

where Pg,; is the slurry pressure on the elementary area dS;,
v; is the horizontal component of velocity, S;;, is the inter-
face between the soil and slurry.

If there is underground water in the soil, the parame-
ters c, ¢ and  above would be replaced by the effective co-
hesion ¢’, effective friction angle ¢’ and the effective unit
weight +/, respectively. The work rate done by the hydro-
static pressure Wy on the trench face is calculated as fol-
lows:

Wy = /Pwividsi 5
Sin
where P,,; is the water pressure.

In this paper, the safety factor F of local stability of a

slurry trench with given geometric parameters is defined

as follows:
_ Wp+ (Wsr - W)

W

Eq. (6) is a common way to define the safety factor as
the ratio of the load-resisting capacity to the destructive ef-
fect [12, 13, 26, 28, 29]. The minimum value of the safety fac-
tor F can be achieved by numerically optimization with the
help of the optimization tool implemented in the Matlab.
The process uses an arbitrary user-defined set of the inde-
pendent parameters as the starting point of the optimiza-
tion and converges to a unique optimum by a sequence of
computations.

F (6)

2.1 2D Limit Analysis for Local Stability

The 2D local failure schematic of a slurry trench with a ge-
ology condition that a weak layer(c — ¢) is sandwiched be-
tween two relatively stronger layers is shown in Figure 3.
A local failure develops inside the weak layer with a thick-
ness of h. And the weak layer is h; below the slurry level
and h, below the water level. The proposed 2D failure
mechanism for the local stability of a slurry trench involves
arotational movement of a single rigid block, enveloped by
a curve and defined by a logarithmic-spiral. The curve CFD
is a surface of the velocity discontinuity rotating about the
centre O, with an angular velocity w. Note that rg, 1y, 0o,
05, can be easily identified from Figure 3. A set of parame-
ters are related to 6y and 6. Hence, the rotational failure
mechanism and the velocity field are entirely defined by
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6y and 6;. The expression of r is described as follows:

r=ro- e(G—Bo)tamp (7)
where 6 is the angle with OE.

The work rate of the soil weight is calculated as the dot
product of the soil weight of CFD and the vertical compo-
nent of the velocity at the centroid. According to the cen-
troid formula of the combined figure:

Xe = Z Ai'xl

T (®)
y = EAI")’1

(o} ZAi

Therefore, the work rate of soil weight W of CFD is
calculated as follows:

CFD OCFD
Wg=~-Acpp-w-xi " =~yw(Aocrp * Xc

)
+Aqce + xF = Aopp - xZFP)
O
=yw /%r2 . %rcos 0do
o

1 . 2
+ 57Tosin 6o - rocos by - §ro cos 6y

1 . 2
= 5Thsin 6y - rpcos 6y - 370 cos 60>

where Acpp and x$FP are the area of the CFD and the hor-
izontal coordinate of the centroid of CFD. Similarly, the
Aocrps Aoce and Aggp are the areas of OCFD, OCE and
OED, respectively. And the x9¢FP| x9CE and x2EP are the
horizontal coordinates of the centroid of OCFD, OCE and
OED, respectively. ro and ry, are the functions of 6y and 6,

as follows:
ro = h/(-sin 6y + cos O tan ;)
ry = h/(sin 8, — cos 0} tan ;)
The elementary area dS along the discontinuity sur-

face CFD is as follows:

_ rdé@
Cos @

(10)

According to Eq. (2), the dissipation is calculated as
the integration along the discontinuity surface CFD, as fol-

lows:
On

Wp = ca)/rzde
0o

a1
The slurry pressure on the any point of interface CD is

as follows:

Psy = ~vsr (h1 — 1o sin By + rg cos Oy tan 6) (12)
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where sy is the unit weight of slurry in the trench.
The elementary area dS along the interface CD is as fol-

lows:
To COS 00

ds = cos20

do (13)

According to Eq. (4), the work rate done by the slurry
pressure Ws, is calculated along the interface CD, as fol-
lows:

On
Wsr = ’Ysrw / (h1 il 1) Sin 60 (14)
0o
2 o2
r5cos< 6o
410 cOs By tan 0) “cos?0 tan 0d6

Similarly, the possible work rate done by the hydro-
static water pressure on the trench face CD is calculated
as follows:

On
Wy = yww / (hy - rgsin B (15)
6o
2.2
+7o cos B tan 6) rocos-o tan 6d0

cos26
Where vy is the unit weight of water.
Hence, the safety factor F can be obtained by substi-
tuting the Egs. (9), (11), (14) and (15) into the Eq. (6), which
depends on the angle parameters 6y and ;,. A least upper
bound solution can be found by numerically optimizing
Eq. (6) with respect to 6 and 65,

2.2 3D Limit Analysis for Local Stability

In this section, a 3D rotational local failure mechanism
in cohesive-frictional soils is presented. The mechanism
has a horn shape with an apex angle 2¢, and only a por-
tion of this mechanism intersects with the weak layer of a
slurry trench, as shown in Figure 4. The mechanism has
one symmetric plane on the (x, z) plane. The trace of the
mechanism (discontinuity surface) on the vertical symme-
try plane is defined by two log spirals CD and C'D’.

_ . »(0-6p) tan @
{rl rO/ ) -(6-6) tan ¢ (16)
r=ry-e

where r is distance of the point on the log spiral CD to the

origin O (' represent the distance of the point of C'D’). r

and ry, are the length of OC and OD, respectively. Similarly,
1o and r}, are the length of OC’ and OD'.

The mechanism can be regarded as being generated

by rotating a circle of increasing diameter (shaded circle

in Figure 4) about an axis passing through point O outside
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the circle. When the circle is rotated about an axis pass-
ing through the circle (rj/ro < 0), the failure mechanism
is transformed into the case in Figure 4(b) and the C'D’ is
defined as follows:

/ _r(/) . e(e—eo)tango

r = 17)

The ratio rg/ro reaches zero when C’D’ reduces to the
point 0. With the log-spirals r and r’ defining the failure
mechanism, the distance r;;, between the rotation centre O
and the centre of the rotating circle and the radius R of the
rotating circle are defined as follows:

e
{'” , (18)

To calculate the work rate of the failure mechanism, a
local coordinate system (x, y) is adopted, as shown in Fig-
ure 4. (Axis x is perpendicular to the symmetric plane of
the failure mechanism). And the shaded area in the (x, y)
coordinate system represents one cross section of the fail-
ure block in the weak layer.

The infinitesimal elementary volume is calculated as
follows:

dV = dxdy(rm + y)do (19)

Thus, according to the Eq. (3), the work rate of the soil
weight can be obtained as follows:

9h X' )’*

Wg = 2w~ / / / (rm + y)?dydxdo 20)
6 0 a

where
x"=vR2-a?
y* =+vR2 - x2
where a is a function of 0, as follows:
_ cos 6o
OCosg '™

The infinitesimal elementary area is calculated as fol-

lows:
1

oS ¢

dS = Rdt-(Rcost+rp)d - (21)

Thus, according to the Eq. (2), the dissipation along
the discontinuity surface is obtained as follows:

Oy t
Wp =2cw / / R(Rcost+ rm)zdtde (22
6o O

Where ¢ is described as follows:

t" = arccos ( E)
R
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where t is shown in Figure 4. Michalowski and
Drescher [24] provided a simpler method for calculat-
ing the dissipation of the failure mechanism in cohesive-
frictional soil, and more details can be found in that work
(this method is confined to the soil with a non-zero friction
angle ¢). It is noted that the calculation for dissipation in
this paper can be used for both cohesive-frictional and
purely cohesive soils. The calculation can simply trans-
form into the formula for purely cohesive soils when ¢ = 0.
The infinitesimal elementary area along the interface
CD is calculated as follows:
1o €os Bg 1

dS =Rsint - o5 0 " cos®

(23)

According to the Egs. (4) and (5), the work rates done
by the slurry pressure and water pressure are respectively
calculated as follows:

On
0.5 2052
Wsr = Z’Ysrw/ (Rz - (12) % tan9(h1 (24)
0o
+rg cos By tan 8 — rg sin By) dO
O 2.2
0.5 r5cos 6
Ww = 2yww / <R2 - az) OCTZ(;) tan 0 (h, (25)
0o

41 cos Bg tan 8 — rg sin 6) d6

In the search for the minimum of the safety factor F, the ra-
tio ry/ro, 8o and 0, are the independent variable parame-
ters. Moreover, the failure mechanism must be subjected to
an independent constraint on the length B of slurry trench,
because the failure mechanism tends to increase the range
of the failure zone during the process of minimizing the
safety factor F infinitely if no constraints are placed on the
length of the mechanism.

3 Numerical Simulation

This section presents a study of numerical method on the
local stability of a slurry trench. And the results of numer-
ical simulation will be compared with the proposed ana-
lytical method. In this numerical model, the detailed in-
formation about the geologic and geometric conditions is
summarized in Table 1 and the soil profile is shown in Fig-
ure 5.

Figure 6 presents a half part of a slurry trench, it is eas-
ily found that the slurry trench has an advantage of sym-
metry along two axes. So this paper takes a quarter of the
slurry trench model to study. Three layers are built in the
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Table 1: Geologic parameters
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Layer Type Unit Weight (kN/m3)  Es (MPa) Cohesion (kPa) Friction angle (°) Poisson ratio v
1 Silty clay 20.0 7.2 45 17 0.4
2 Sand 20.0 14.4 5 20 0.4
3 Silty clay 20.0 9.8 45 17 0.4

Slurry level
Water level

-5m
| N
-10m
Slurry trench
=1 1kN/m’
-20m
-30m

Figure 5: Soil profile of the slurry trench.

. Axis of symmery

Guide wall —

Slurry trench

Figure 6: Schematic of a slurry trench model.

numerical model, and a weak soil is sandwiched between
two stiff soils, as shown in Figure 7. The numerical model
is established with a discretization of 12000 zones and a
total of 14091 nodes. The size of the numerical model is
10m in the X direction, 30m in the Z direction and 5m in
the Y direction (the length B of trench is 10m). The bound-
ary conditions are set as follows: Nodes at the bottom of
mesh are fully fixed. Nodes on the vertical symmetric plane
are only fixed in the X direction. And Nodes on the vertical

boundary are only free to move vertically. The load distri-

bution due to the slurry pressure acting on the trench face

LNANIAN

AN

=

Axis of symmetry

/

30m

/

[

/

%

y &7z
X

Figure 7: Numerical model of a slurry trench in FLAC3D.

10m

is converted into the equivalent nodal force in the FLAC 3D
model. And a hydrostatic stress field is set up in the model.
An elastic-perfectly plastic constitutive model governed by
the Mohr-Coulomb criterion is assigned to the soil. In addi-
tion, the guide wall is simply modelled by preventing the
nodes representing the guide wall from the movement in
the X direction.

In this numerical analysis, the safety factor is deter-
mined with the strength reduction method (SRM). The soil
strength parameters of the weak soil are defined as fol-
lows:

cp =S
FoE 26)

@F = arctan (ta%)

The initial values of the safety factor F is provided
with 0.1, which gives the high values of the strength pa-
rameters and the weak layer will be in the elastic condi-
tion. The safety factor F is then incrementally increased
by 0.01 and the strength of weak layer is continuously re-
duced. The process is repeated until the failure occurs at
the sandwiched soil layer (In FLAC 3D, a monitor point is
set on the midpoint of weak layer. And the failure occurs
when the displacement of the monitor point has a sudden
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Figure 8: Determination on the safety factor of the weak layer in
FLAC3D.
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Figure 9: Comparison of the safety factors obtained from analytical
approach and SRM-FLAC3D.

increase). At this instant, the value of the safety factor F
comes to be the minimal safety factor of local stahility of a
slurry trench, as shown in Figure 8.

4 Results and Discussion

This section will present the results obtained from the an-
alytical method and the numerical simulation. Both the
safety factor F and the failure pattern of the analytical
method will be compared with that of the numerical simu-
lation. Besides, the influences of the geologic and geomet-
ric parameters on the safety factor will be investigated.

Stability Analysis of a Slurry Trench in Cohesive-Frictional Soils =—— 895

4.1 Comparison between the Numerical
Simulation and the Analytical Method

In this section, the results of the proposed failure mecha-
nism for a slurry trench in the cohesive-frictional soils will
be compared with that of the numerical simulation.

Figure 9 presents the comparison between the SRM de-
fined safety factors obtained from the numerical simula-
tion and the load-resisting ratio defined safety factors cal-
culated by the proposed kinematical analytical solution. It
is noted that the lines representing respectively the numer-
ical results and the analytical solutions intersects at the
point where the safety factor is equal to 1.0. Before this
point, the safety factors obtained from the analytical ap-
proach are smaller than that of the SRM-FLAC3D. Beyond
this point, the SRM-FLAC3D gives a more conservative re-
sult. For the most practical cases, the engineering projects
are considered to be safe when the F is larger than one, and
the projects are believed to be dangerous or have a risk
of failure when the F is smaller than one. Therefore, it is
suggested that the engineers should take the results of the
analytical approach and the SRM-FLAC3D simultaneously
into consideration in different cases and choose a more se-
cure way to determine the safety factor of the local stability
of a slurry trench. Besides, it is shown that two methods
give the same estimate on whether the slurry trench is safe
or not, thus the local stability of a slurry trench can be as-
sessed by the SRM-FLAC3D and analytical approach in the
meantime.

Figure 10 shows the comparison of the failure patterns
predicted by the proposed failure mechanism and the con-
tour of shear strain increment of FLAC3D in the vertical
symmetric plane. The proposed failure mechanism is as-
sumed to be confined to the sand layer sandwiched by
two strong soils. The contour of shear strain increment of
FLAC3D shows the zone where shear strain appears, and
the zone of large shear strain is also regarded as the re-
gion where the shear failure occurs. It can be seen from
Figure 10 that the large shear appears around the curve
plotted by the analytical method. Consequently, the com-
parison shows the predicted discontinuity surface agrees
well with the zone where large shear strain appears, which
proves the discontinuity surface predicted by the analyti-
cal approach is reasonable and the local failure of a slurry
trench occurs in the vicinity of the trench face of the weak
layer.

Figure 11 shows the comparison of the failure patterns
predicted by the proposed failure mechanism and the plas-
tic zone obtained from FLAC3D in the vertical symmetric
plane. It can be seen that the plastic zone of FLAC3D agrees
well with the failure pattern of the analytical method. The
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Figure 10: Comparison between the predicted discontinuity surface and the contour of shear strain increment of FLAC3D in the symmetric (x,
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Figure 11: Comparison between the predicted discontinuity surface and the plastic zone of FLAC3D in the symmetric (x, z) plane.
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Interval = 1.0e-002
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Figure 12: Local failure process of the weak layer in FLAC3D: (a) Initial stage; (b) Terminal stage; (c) Fall-off.
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plastic zone first occurs at two interfaces between the stiff
soil and the sandwiched weak soil. And then the plastic
zone extends in the sandwiched weak soil in a logarithmic
spiral surface similar with the 3D failure mechanism pro-
posed in this paper. At last, the plastic zone will develop
throughout the whole weak soil layer and the local failure
of the slurry trench happens.

Figure 12 shows the local failure process of a slurry
trench. At the initial stage, it can be seen from the Fig-
ure 12(a) that the displacement of two interfaces between
sand and silty clay is larger than other zones. It shows that
the local failure of a slurry trench initiates at the upper and
lower boundaries of the weak layer. And then the local fail-
ure develops inside the weak layer and gradually propa-
gates to the middle zone of the weak layer. Finally the local
failure occurs when the upper and lower failure zones con-
nect and the whole weak layer is intersected, as shown in
Figure 12(b). After the local failure of a slurry trench, the
failure soil inside the weak layer will be extruded by the
gravity of the overlying soil. As a result, the failure soil falls
off from the trench face, as shown in Figure 12(c). It is in-
teresting to find that the situation of Figure 12(c) is similar
with that shown in Figure 1.

4.2 Influences of the Geologic and
Geometric Parameters on the Local
Stability

In this section, the parametric studies of the safety factor
F in 3D and 2D analyses of a slurry trench are presented.
The influence investigations of the geometric and geologic
parameters of a slurry trench on the safety factors F are
conducted.

Figure 13 shows the curves of the safety factor F ver-
sus different geologic parameters. It is shown that the 3D
safety factors increase with the increase of the ratio vs;/,
cohesion c and friction angle ¢, but decrease with the in-
crease of the ratio B/h and converge to the minima of the
safety factors, which are approximately 1.2 times greater
than that of 2D analyses in three cases. The increase of
the slurry density can directly increase the safety factor F.
Moreover, it can be seen that the influences of the friction
angle ¢ on the safety factor are obviously greater than that
of the cohesion ¢, which suggests that the friction angle ¢
of the soil plays a more important part in improving the lo-
cal stability of a slurry trench in cohesive-frictional soils.

Figure 14(a) presents the curves of the safety factor F
versus the thickness h of the weak layer. The safety factor
decreases with the increase of the thickness h of the weak
layer. It is shown that the thickness h has a great impact
on the safety factor F of the local stability. But with the in-
crease of the thickness h, the decline rate of the safety fac-
tor gradually decreases. Figure 14(b) shows the curves of
the safety factor F versus the ratio B/h with different thick-
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ness h. It can be seen that the safety factors is closely re- ric plane is defined by two log-spirals, and the whole
lated with the ratio B/h. The safety factors rapidly converge mechanism is generated by rotating a circle with in-
to constant values with the increase of the ratio B/h, which creasing diameter.

was also mentioned by Duncan [30] and Michalowski and 2. A numerical method combined with the strength re-
Drescher [28]. Thus the 3D safety factor is only suitable for duction technique is performed to study the local
the slurry trench with a limited length B in the third dimen- stability of the slurry trench. The local failure pro-
sion. When the length B of the slurry trench is large, the 2D cess of a slurry trench is summarized. The safety fac-
safety factor will give a more appropriate estimate on the tors predicted by the numerical method and the solu-
local stability of a slurry trench. tion of the analytical method give the same estimate

on the safety of the slurry trench, and the local fail-
ure pattern obtained from analytical method corre-
sponds with that of the numerical simulation, which
verifies that the proposed analytical solution is effec-
tive and reasonable. It is suggested that the results of
the analytical approach and SRM-FLAC3D should be
taken into account simultaneously to study the local
stability of a slurry trench

3. For the geologic parameters, the safety factors in-
crease with the increase of the ratio ~sr/~, the fric-
tion angle ¢ and the cohesion c. The increase of
the slurry density s, can directly increase the safety
factor. The influences of the friction angle ¢ on the
safety factor are greater than that of the cohesion
¢, which plays a more important part in improv-
ing the local stability of a slurry trench in cohesive-

5 Conclusions

The 2D and 3D rotational failure mechanisms for the local
stability of the slurry trench in cohesive-frictional soils are
presented in this paper. The upper solutions of the safety
factors of the local stability are obtained through a theoret-
ical derivation based on the kinematic method of the limit
analysis. Moreover, a numerical simulation is performed to
investigate the local stability of the slurry trench and ver-
ify the effectiveness and reasonability of the analytical so-
lution. Finally, a parametric study is carried out to study
the influences of the geometric and geologic parameters
on the safety factor. The main conclusions are as follows:

1. The 2D local failure mechanism of the slurry trench frictional soils.
in a weak soil sandwiched by two stiff soils is defined 4. For the geometric parameters, the safety factors de-
by a log-spiral. For the 3D local failure mechanisms crease with the increase of the thickness of weak
of the slurry trench, the failure surfaces has a horn layer h and the ratio of B/h. But the decline rate

shape with an apex angle 2¢. The vertical symmet- of safety factor will gradually decrease with the in-
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crease of the thickness h. The safety factors rapidly
converge to the constant values with the increase of
the ratio B/h, thus the 3D safety factor is only suit-
able for the slurry trench with a limited length B.
When the length B of the slurry trench is large, the 2D
safety factor will give a more appropriate estimate.
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