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Abstract：The failure shape and approach for slurry trench stability analysis of diaphragm wall
are studied by means of numerical simulation and theoretical analysis. From numerical simulation,
the failure shape under surcharge in soft soil is approximate a pyramid for the slurry trench. Based
on limit equilibrium theory, approach for stability analysis of slurry trench is derived.

Introduction

Diaphragm wall is one of the major retaining structures for deep excavations in soft soil. However,
the collapse of deep slurry trench is often occurred during the construction due to the ground
surcharge and unstable soil. The collapse of slurry trench not only inferiors the quality of
construction, but also leads to excessive deformation of adjacent buildings and buried pipelines,
even causing an engineering accident [1-3].

The centrifugal model tests conducted by Powrie and Kantartzi [4] proved that local failure
is more probable with the ground overload. A 3-D numerical analysis discovered that the
conspicuous sensibility of excavation stability to the elevation difference of the slurry surface and
groundwater level [5]. The trench-stability theories can be classified into three types, namely the
limit equilibrium method, finite element method and limit analysis based on plasticity limit
theorems. The limit equilibrium methods are based on assumption of failure surfaces, as wedge,
half-cylinder, slope- intercepted half cylinder, shell, or parabola [5-6]. Both soil movement and
progressive failure can be estimated with finite element method [7-8]. The limit analysis has an
advantage in that the lower-and upper-bound theorems bracket the true solution [9-10].

This paper focuses on the stability of the slurry trench in the construction of subsurface
structural diaphragm wall in soft soil areas of Ningbo, China. To investigate the failure shape, a
3D finite element model with reduced shear strength is established. Based on the failure shape, an
approach for stability analysis of slurry trench is derived using the limit equilibrium method.

Numerical analysis of failure shape

The influencing mechanism of surcharge on the stability of slurry trench, as well as the failure
shape, is studied in this section. To achieve this, a 3-D slurry trench model is established using
Plaxis 3D. The ②2-2 layer of Ningbo, China, is selected as uniform soil layer, which is a typical
soft soil in this area. The soil is modelled as Mohr-Coulomb material considering the stress path
of lateral unloading. The parameters of soil are shown in Table 1. The size of the slurry trench is
6-m in length, 1-m in thickness, and 46-m in depth. The size of “T” guide wall is 1-m in width,
0.25-m in thick and 1.5-m in depth. The surcharge is mainly considered the weight of trenching
machine, the common size of which is shown in Fig.1. The size of the trenching machine is that
the outer distance between track shoes is 3.2-4.3 m, width of track shoes is 0.8m, the overall
crawler length is 5.68m and the center line of grab to swing axis is 4.5-4.81m. The weight of
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trenching machine fully loaded is almost 85t. To simplify calculation and considering the worst
condition, the calculation diagram is shown in Fig.2. The surcharge is evenly distributed under the
track shoes, q=91.7kPa. The model size is 25m×25m×60m. The reduced shear strength method is
used to obtain the failure shape and the factor of safety (FS).

Table 1 The parameters of soil

Unit weight (γ, kN/m3) 17
Cohesion (c, kPa) 14.6
Internal friction angle (φ, °) 18
Dilation angle （ψ, °） 0
Poisson’s ratio (ν) 0.2

Plastic straining due to primary deviatoric loading ( 50
refE , kPa) 10000

Plastic straining due to primary compression ( ref
ocdE , kPa) 15000

Elastic unloading/reloading ( ref
urE , kPa) 30000

Stress dependent stiffness according to a power law (m) 0.8

Guide wall

Soil

Slurry trench

Soil

q=91.7kPa
2-2 2-2

Slurry trench

Guide wall q=91.7kPa

(a) (b)

Fig.1 The common size of a trenching machine Fig.2 Schematic diagram of the model: (a) plan view; (b) side view

According to the simulation, the failure shape is presented in Fig.3. It is shown that the
deformation of slurry trench, which is caused by the weight of construction facilities on the
ground, is mainly concentrated on the shallow 10m soil. The failure zone is approximately a
triangle along the depth direction, while the appearance on the ground is a triangular deformation
from the overloading position to the edge of the slurry wall, as is shown in Fig. 3(b).

Approach for stability analysis

From the numerical simulation results, the failure shape of slurry trench occurs in the shallow
layer with ground surcharge. The failure shape resembles a triangle in both the profile view and
the plan view. This failure shape can be simplified to be the model shown in Fig.4.
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（1）Basic assumptions
For simplicity, the failure shape is assumed to be the pyramid ABCDE, and the shear failure

happens on the bottom surface ADE.
The failure surface has no deformation nor displacement in the initial condition;

(a) 3D failure shape (b) failure shape at the central section of slurry trench
Fig.3 Failure shapes of slurry trench with surcharges
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Fig.4 Simplified global failure shape

The global failure shape is horizontally symmetric;

Under ultimate state, both sides ABE and CDE are under the force of static earth pressure,

bottom surface ADE is under the force of active earth pressure, the shear failure obeys the
criteria of Mohr-Coulumb;

The sliding track of the failure surface is line AF and DG and point F and G are the
midpoints of line BE and line CE;

The inclination angle of the surface ADE,  , equals to the angle of failure surface in
active Rankine earth pressure, as 45 / 2   .

The surcharge acts on the centroid of triangle BCE, which means ME=2MO, where MO

is the horizontal distance (s) of the overload to the edge of slurry wall;

Slurry pressure is assumed as static water pressure and the slurry level is at 0.5m below

the ground surface.
（2）Approach for stability analysis

Advances in Engineering Research, volume 163

1006



From these assumptions, the approach for slurry trench stability analysis can be derived as
follows.

The normal pressure on the bottom surface is:
2

1 0

1
3

b

a a
zN K z adz K ab
b

   （1）

The area of the bottom surface, triangle ADE, is:
1 / (2sin )A ab  （2）

The shear force on the bottom is:
1 1 1 tanT cA N  

（3）
Substituting Eq. (1) and (2) into Eq. (3), the shear force on the bottom surface, T1, is

obtained:
2

1 tan
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The normal pressure on the lateral surface is:
2
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The area of the lateral surface, which is the triangle CDE, is calculated as:
2

2
2

1 ( ) tan( )
2 2 2

aA b b       
（6）

The shear force on the lateral surface is:
2 2 2 tanT cA N   （7）

Substituting Eq.(5) and (6) into Eq. (7), the shear force on the lateral surface, T2, is expressed
in Eq. (8).

2
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2

2

( ) tan( )
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（8）

The pressure component of the slurry along the failure surface can be written in the function
below:

2
3

1 ( 0.5) cos
2

T a b  s （9）

Thus, the FS of the slurry trench stability is expressed as the equation below.
1 2 32 c o s c o s
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Substituting Eq.(4), (8), and (9) into Eq. (10), the FS function of slurry trench stability is
derived as Eq. (11).
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In which:
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Where: a is the length of single diaphragm wall AD; b is the depth of failure mass AB, b=2s/tanθ,
where s is the horizontal distance of the overload to the edge of slurry trench; 0K is the
coefficient of static earth pressure, and aK is the coefficient of the active earth pressure;  is the
unit weight of soil, kN/m3; c is the cohesion of the soil, kPa;  is the degree of friction angle of
the soil;  s is the unit weight of the slurry, kN/m3; 1A is the area of the bottom surface, m2, and

2A is the area of the lateral surface, m2; w is the gravity on the failure mass in kN; P is surcharge,
kN; and K is the factor of safety on the slurry trench stability.

According to the Chinese Code GB50030-2002 [11], as the Technical code for building
slope engineering, this factor of safety for first grade slopes should not be smaller than 1.30.
When FS K≥1.30, the slurry trench is in a stable state. Contrarily, when K<1.30, the failure of
slurry trench may be occurred.

Conclusions

The following conclusions can be drawn: (1) The failure zone for the slurry trench of a diaphragm
wall in soft soil under overloading is approximatively a pyramid; (2) The criterion for pyramid
instability is derived using limit equilibrium theory.
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