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1. Introduction

The Stress Characteristics Method (SCM) or slip line method is a rigorous method to solve geotechnical
engineering problems. This method has been used in many geotechnical engineering problems. Although SCM
has been used in previous researches to evaluate the seismic passive lateral earth pressure, however,
previous researchers have not considered all of the parameters of cohesion and friction angle of the soil, soil-
wall interface adhesion and friction angle, ground surface slope, wall slope, surcharge, stress discontinuity
and horizontal and vertical pseudo-static seismic coefficients. In this study, all of the aforementioned
parameters are considered and closed-form equations have been presented in the special cases.

2. Methodology

Fig. 1 shows the geometry of the problem and the typical stress characteristics network. Backfill soil is
assumed to obey Mohr-Coulomb failure criterion, having the cohesion ¢ and friction angle ¢. In the plane
strain case, there are two stress characteristics which make an angle of y=n/4-¢/2 with the major principal
stress direction o1. Each point in the soil has four features, x, z, p and y; where p is the mean stress and
indicates the angle between o1 and the horizontal axis. The slopes of these lines and the equilibrium
equations along them are:

Along the plus characteristics:

%zt&lﬂ(yﬂu) 1)

dp+2(ptang+c)dy =(dx—tangdz) X +(tangdx+dz)Z  (2)

and along the minus characteristics:

%ztan((//—,u) ®)
—dp+2(ptang+c)dy =—(dx+tangdz) X +(tan gdx—dz)Z 4)

Where X=-ykn and Z=-)(1-kv) are body forces; kn and kv indicate the pseudo-static seismic coefficients in the
horizontal and vertical directions, respectively, and yis the soil unit weight. The finite difference forms of Egs.
(1-4) are used to compute the properties of each point in the stress characteristics network.

A computer code was written to solve the problem. The solution procedure is very similar to traditional
stress characteristics network (Keshavarz and pooresmaeil, 2016).
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Fig. 1. The geometry of the problem and a typical stress characteristics network

3. Results and discussion

After solving the problem, the stress distribution along the soil-wall interface is obtained. The lateral earth

force is computed by integrating this pressure. The passive lateral earth force can be written as:
1

P, :E}/Hka’ +qHk,, +cHk (5)

Where H is the wall height and g indicate the surcharge. ky; kyq and ke are the passive lateral earth pressure

coefficients, which are obtained using the principle of superposition. kp; and kyc can be obtained without
solving the whole stress characteristics network as:

1+singcos2(0 -y, )
Cos® ¢ C0s 5 cos 9 cos 5,

(6)

k,, = A, (1-k, )cos 8 x| cos(6+ B)+ sin (9= B)sin(p+5+ )

B \/2/%(& sin g+ cos¢)cos2(y, —0) +«/ﬂ2+('%sin¢+cos¢)2

cosé cosé

k (7

pc

Where tan& =k, /(1-k, ). cwand &v are the adhesion and friction angle of the soil-wall interface, respectively.

Ac and Aq are coefficients corresponding to the cohesion and surcharge. The values of these parameters
depend on the boundary conditions.

Table 1 shows the seismic lateral earth pressure coefficient ky, for rough retaining wall as compared to
other solutions. As seen the results of the present study are very close to other solutions.

Table 1. The seismic lateral earth pressure kp, for rough retaining wall as compared to other solutions for
0=LF=kv =0, Sw=¢=30°

K Present _K_umar and Kumar Soubra Mor_rison and Mononobe-
Study Chitikela (2002) (2001) (2000) Ebeling (1995) Okabe
0 6.551 6.563 6.677 6.86 7.077 10.095
0.1 6.078 6.083 6.187 6.35 6.661 9.02
0.2 5.563 5.562 5.655 5.79 6.154 7.921
0.3 4992 4.986 5.065 5.17 5.538 6.784
0.4 4.336 4.327 4.39 4.846 5.577
0.5 3.512 3.501 3.545 3.923 4208
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4. Conclusions

The stress characteristics method was used to evaluate the passive lateral earth pressure in the static and
seismic cases. Seismic case was considered as the horizontal and vertical pseudo-static earthquake
coefficients. The equilibrium equations along the stress characteristics lines and passive boundary conditions
on the earth and retaining wall were expressed. The equilibrium equations were solved using the finite
difference method. A computer code was provided to analyze the wall and solve the characteristics network.
Soil was considered as a c-¢ soil and the adhesion and friction angle of the soil-wall interface was considered
as cw and Jw. The passive force on the wall was expressed as the lateral earth pressure coefficients due to the
soil unit weight, the surcharge and the soil cohesion. The effects of different parameters, such as soil friction
angle, soil-wall interface friction angle, soil cohesion, soil-wall interface adhesion, pseudo-static coefficients
and the problem geometry on the passive lateral earth pressure coefficients were studied. The closed form
solutions were presented for the passive lateral earth pressure coefficients due to the surcharge and soil
cohesion. The results of the stress characteristics method were compared with other solutions. It was shown
that the stress characteristics method coincides with other methods.
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