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1. Introduction

In this research, the effects of pre-stressing steel struts on horizontal displacement of the diaphragm wall
and settlement of the soil behind the wall are investigated utilizing the FLAC software through implementing
the finite difference method and Mohr-Coulomb behavior model. A 20m diaphragm wall with 80 cm thickness
and the Young's Modulus of 22000 MPa and the Poisson ratio of 0.15 is modeled. The final depth of excavation
is 12 m and the properties corresponding to the concrete stiffness of the diaphragm wall, depth of excavation
and arrangement of the struts are taken from (Freiseder and Schweiger, 1998). Modeling is done for 3 types of
soils with different modulus of elasticity values including 3 pre-stressing forces and 3 different water levels, so
totally 27 models were designed and analyzed. For this purpose 3 types of sandy soils with a Poisson ratio of
0.30 are used for modeling. The soils properties are taken from Chowdhury et al. (2013) and are given in Table
1. In this table ¢' denotes the internal friction angle and C' denotes the soil's cohesion. This research is
conducted for 3 water levels; at the ground level and for depths of 4 and 8 m below the ground level. The models
are analyzed for three cases namely non-pre-stressing and pre-stressing forces of 200 and 400 KN.

Table 1. Soil properties used for the numerical assessment

R
1 19.7 0 32 19000
2 19.7 0 33 48000
3 199 0 33 70000

The utilized struts in the numerical assessment are of the type of steel struts with the specific gravity of
7850 kg/m?3 and the Young Modulus of 2x108. The horizontal distance between the struts is taken 5 m for all
the models. The properties of modeled struts are given in Table 2.

Table 2. Steel Struts properties used in the numerical assessment

Section provided Cross sectional Moment of inertia
p (m2x10%) (m*x 10%)
H400x400x13x21 218.7 66600

* Corresponding Author
E-mail addresses: jeobahrami@gmail.com (Mohammad Bahrami), khodakarami@semnan.ac.ir (Mohammad Iman
Khodakarami), ahadad@semnan.ac.ir (Abdol-Hossein Haddad).
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First, in case of existing water, dewatering is done for the intended depth at each stage. In continuation,
excavation is performed for the intended depth at each stage and then the struts are installed and prestressed.
This process is continued to reach the final depth of excavation. The step-by-step procedure of the excavation
cycle for depths below the ground level is shown in Table 3.

Table 3. Depths of excavation process

Installation of

Step Dewatering (m) Excavation (m) struts (m)
1 4 4 3
2 8 8 7
3 12 12 -

2. Validation

To ensure validity of the numerical modeling procedure, use has been made of the wall presented in the
article by Chowdhury et al. (2013). They have utilized the case study model of the diaphragm wall published in
article (Hsiung, 2009) for validation of his numerical research. The validation results are presented in Fig. 1
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Fig. 1. Comparison of observed and predicted movement of wall and soil: a) Comparison of observed and predicted lateral
displacement of wall, b) Predicted ground surface settlement

3. Analysis
3.1. Effect of pre-stressing of struts on the behavior of the diaphragm wall

Analysis and investigating the effect of pre-stressing on the steel struts show that with higher values of the
soil elastic modulus and higher ground water levels, the position of maximum horizontal displacement moves
form the wall base up to the ground level. Also with increase in the soil elastic modulus, the maximum
horizontal displacement of the wall decreases.

3.2. Effect of struts pre-stressing on the soil settlement

Assessment of the article revealed that pre-stressing of the struts not only causes reduced soil settlement
behind the wall but also causes that soil settlement initiate at a distance from the wall. Also the analyses made
in this research showed that with lowering of the ground water level, pre-stressing of the struts would have
insignificant effect on decreasing the soil settlement.

4., Conclusions

In this article numerical assessment of the diaphragm wall is done utilizing the finite difference method.
While assuming the wall's thickness and length and also the excavation depth to be constant, the horizontal
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displacement of the diaphragm wall and soil settlement under various struts pre-stressing forces for three
different sandy soils and different ground water levels were investigated and the results are the follows:

A. The assessments made in this article revealed that pre-stressing the struts pushes back the wall at non-
embedded and upper parts of the wall, and pre-stressing the struts has negligible effect on the horizontal
displacement of the wall at the buried and deep parts of it. Also, investigations in this article showed that
increase in the soil modulus of elasticity and higher water level cause transfer of the maximum horizontal
displacement from the wall base toward the middle of the wall.

B. Analyses of this article showed that pre-stressing the struts is not significant in reducing the maximum
soil settlement at lower ground water levels also the effect of pre-stressing the struts in reducing the maximum
soil settlement is intensified by increase in the soil modulus of elasticity.

C. With respect to the assessments made in this article it is concluded that higher water level and increase
in the soil modulus of elasticity cause transfer of the wall's maximum horizontal displacement toward the
upper part of it. Also pre-stressing the struts affects more the upper parts of the wall and on the other hand
with decrease in the maximum wall displacement, the amount of soil settlement behind the wall also decreases.
Then pre-stressing the struts for controlling the wall's horizontal displacement and soil settlement is an
appropriate method for the soils with higher values of modulus of elasticity and saturation.
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