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1. Introduction

This study tried to investigate the importance of considering deformations in the surroundings of the
excavation and the effect of these displacements on surrounding structures. In this context, the stiffness
impact of adjacent structure on the ground movement resulting from excavation will be determinative
because the fundamental problem of excavation in urban areas with old and even new buildings (including
structurally weak buildings) is the impact of the various stages of excavation on adjacent structures and vice
versa the interaction of excavation of adjacent structure. Several factors affect the behavior of excavation
system such as modeling of structures adjacent to the excavation site which depends on the weight,
geometry, and stiffness of adjacent structure. Various studies have been conducted by various researchers in
this field. Horodecki et al, have shown that in excavation done in urban areas, vertical displacement of soil
level around the pit and adjacent structures can be seen better than the horizontal displacement of braced
wall during the construction process (Horodecki et al, 2014). Accordingly, this study investigates this matter
in various parts of the city of llam. For this purpose, after sampling the running projects in different parts of
the studied areas (Ilam city) and conducting necessary tests and determining the behavioral parameters of
soil in these areas (with the help of correlation equations), a set of finite element analysis is done. Behavioral
model for soil is hardening soil model. To consider the stiffness impact of the adjacent structure the concrete
building with moment frame system with real geometry and loading is used. Since the geotechnical software
cannot model the structure with complete details, to achieve these goals, the interaction of two programs of
Etabs and Plaxis finite element are used.

2. Geometric Model and Methodology

A pit with 25 meters width in coarse soil with supporting structure of cantilever concrete shield with 60
cm thickness is intended. A five-story building with concrete structure is located in the vicinity of the pit. The
building's foundation is a reticular type with 120 cm width and 80 cm thickness. The distance of frames along
perpendicular to the plane has been 6 meters that for analysis of plane strain mode and to transfer the results
to Plaxis, loads obtained at the foot of the column (axial and shear load) are divided on this number. Given
that Plaxis cannot analyze the soil and structures together, thus the Etabs software is used as an Assistance
Program. For this purpose, initially, structure is analyzed by using under load Etabs Program and the amount
of load is read under each column. The amount of above loads is applied to the finite element model in Plaxis
program. Excavation operations are modeled by removing 50 cm layers of soil in finite element analysis. By
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removing each 50 cm layer of soil a load analysis is done by the software. By doing this, displacements are
created under the loading points. Then, these displacements are applied to structure and structure is
analyzed by Etabs and new internal forces are obtained in structural elements. With this new set of loads, the
second 50 cm soil is removed which led to the displacements on the foot of columns and Plaxis software is re-
used. The above operations by removing successive layers will continue until destruction step. Regarding the
influence of adjacent structures, the displacement on adjacent column of pit is shown in Figure 1 in two states
of with and without considering the stiffness of adjacent structure in relation to the excavation depth. As it
can be seen, by increasing the depth of excavation the effect of stiffness is also increased and the
displacement rate is reduced. Concerning the effect of excavation on the structural system it can also be said
that as the stiffness of adjacent building has positive effect on the reduction of displacement rate caused by
excavation, the structure is also under the influence of excavation both during and after excavation operation.
Creating the asymmetric displacement under the foundation of adjacent structures leads to change in the
internal forces of members. For example, a change in bending moment and shear force on the first floor near
the pit depends on the height of excavation which is shown in Fig. 2 and 3. Based on these figures, for 5
meters depth, the amount of negative moment in this floor is increased from 185.1 to 273.4 kN.m (about
47.7%). Also, the shear force in this floor is increased from 155.23 to 187.1 kN (about 20.5%).
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Fig. 2. Effect of excavation on bending moment
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Fig. 3. Effect of excavation on shear force

3. Conclusions

Based on conducted analysis following results were obtained:
- The possibility of numerical analysis of geotechnical structures by taking into account the geometry and
boundary conditions and by using finite element computational codes such as PLAXIS, FLAC and ABAQUS as
well as selecting appropriate behavioral model is provided for design engineers. Thus, regarding excavation
in urban environments it is necessary to consider the interaction of excavation and its adjacent structure in
satisfactory form in design and calculation.
- The stiffness of adjacent structure influences the numerical analysis of the excavation system. In many cases,
this effect leads to the reduction of horizontal displacements and internal forces of bracing system of pit.
- The stiffness of adjacent structure causes maximum horizontal displacements occur in the area below the
pit walls. While in the case of ignoring stiffness, maximum horizontal displacements occur near the surface of
the earth.
- The creation of pit leads to the enhancement of internal forces in members of the surrounding structures.
Thus, considering this effect requires numerical analysis with detailed structure.
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