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1. Introduction

In current study, firstly the soil-nailed wall of the Seattle area of Washington was modeled by PLAXIS 2D
software. After validating the numerical model, the effect of adjacent surcharge distance from the excavation
edge on the static and seismic performance of the soil-nailed wall was investigated. The results of numerical
analysis indicated that the maximum value of shear force of the wall is created in the place of nails, and with
the increase of depth, the value of shear force has increased, which was proportional to the distribution of the
soil lateral pressure relative to the wall, which is in triangular. The results of the analyses showed that by
changing the distance of the surcharge from the excavation edge, the values of the force component in the nails
and as a result, the stability of the wall are affected. In addition, in foundations close to the excavation, the issue
of differential settlement caused by the location of wedge failure is a very important parameter and should be
considered by designers.

2. Numerical model validation

In this study, to investigate the effect of using a soil nailing system, the model studied by Thompson and
Miller (1990) was adopted and analyzed in PLAXIS 2D. Fig. 1-a shows the horizontal deformation values
obtained from measurements during the excavation activates and the results obtained from the numerical
modeling of this study. As can be seen, the maximum displacement occurred at the highest point of the
excavation wall, which was approximately between 19 and 20mm, while the maximum displacement value
obtained from the numerical modeling at the highest height of the wall was 19.90mm. The distribution of the
maximum mobilized axial force measured by strain gauges in the nails and the results obtained from this study
using PLAXIS 2D software are shown in Fig. 1-b. By comparing Fig. 1, it can be seen that the numerical modeling
results of the present study are in good agreement with the instrumentation results of the instrumentation
used in previous study. Therefore, it can be concluded that the selection of structural elements, behavioral
models, and material properties assigned to each element and analytical steps in modeling were appropriate.
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Fig. 1. The comparison between measured data and numerical modeling of this study: a) Horizontal wall deformation
profile, b) Distribution of maximum axial force mobilized in nails

3. Results and discussion

In this section, the effect of the important parameter of the distance of the adjacent surcharge from the
excavation edge on the stability of the excavation wall using the nailed method has been investigated. In the
numerical analyses, the distance of the adjacent surcharge from the excavation edge has been considered to be
1,5,10and 15m.

3.1. Horizontal displacement of the wall

The results showed that, in both static and dynamic cases, the distance of the adjacent surcharge from the
excavation edge does not have a significant effect on the horizontal displacement values of the lower areas of
the wall, but in the upper areas, the horizontal displacement value of the wall decreases as the distance of the
surcharge from the excavation edge increases.

3.2. Wall shear force distribution

The results illustrated that, in both static and dynamic cases, the highest shear force of the wall is generated
at the location of the nails, so that a sudden jump in the shear force distribution occurs at this location and the
shear force increases from the top to the bottom of the wall, which is proportional to the distribution of lateral
soil pressure relative to the wall, which is triangular, and its value also increases with increasing depth. The
results showed that in both static and dynamic cases, changing the distance of the adjacent surcharge from the
edge of the excavation does not have a significant effect on the shear force created in the wall, and in the four
cases studied, the values of the shear force generated in the wall are very close to each other.

3.3. Wall bending moment distribution

The results showed that in both static and dynamic cases, the bending moment of the wall is lower at the
location of the nails and reaches its maximum at the distances between the nails. The presence of nails prevents
the wall from moving towards the excavation caused by the lateral pressure of the soil, and as a result, the
bending moment of the wall increases around the nail heads. On the other hand, the maximum negative bending
moment was observed in the wall at the distance between the two nails, which is natural considering the
resistance effect of the nails against the horizontal deformation of the wall.
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3.4. Foundation vertical displacement of the structure adjacent to the excavation

The results indicated that, the highest settlement value is related to the nearest point of the foundation at
a distance of 1m from the edge of the excavation, which is equal to 14mm. Foundations with distances of 10
and 15m from the edge of the excavation have almost the same behavior and the settlement value decreases
with distance from the edge of the excavation.

3.5. Maximum axial force in nails

The results indicated that, in both static and dynamic cases, the maximum axial force generated in the nails
with different horizontal distances of the surcharge from the excavation edge is very close to each other, and it
can be stated that changing the distance of the adjacent surcharge from the excavation edge has a negligible
effect on the axial force generated in the nails.

3.6. Factor of safety for excavation wall stability

The results illustrated that, in static analysis, as the distance of the adjacent surcharge from the edge of the
excavation increases, the value of the safety factor for excavation stability increases with a gentle slope, which
is due to the reduction in surcharge pressure on the wall due to the increase in the distance of the adjacent
surcharge and, as a result, the stability of the wall. In dynamic analysis, the values of the safety factor are very
close to each other, which can be interpreted as the horizontal force caused by the earthquake acceleration is
such that the effect of surcharge pressure on it can be ignored.

4. Conclusions

In this study, the performance of a nailed wall in deep excavation was investigated. For this purpose, first,
the nailed wall in the Seattle, Washington area was modeled using PLAXIS 2D software, and then, in order to
verify the results of the constructed numerical model, the results were compared with the results presented in
the previous study. The results indicated that in dynamic analysis, the distance of the adjacent surcharge from
the excavation edge does not have a significant effect on the horizontal displacement of the wall values. The
shear force of the wall at the nail location is greater than in the surrounding areas and the direction of the shear
force also changes at the nail location. The wall bending moment is the highest in the distance between two
nails compared to the surrounding areas, and the bending moment increases from the upper areas of the wall
to the bottom. The position and amount of maximum settlement of the foundation of the structure adjacent to
the excavation changes with increasing distance from the edge of the excavation, such that the maximum
settlement occurs at the closest point. As the horizontal distance of the surcharge from the edge of the
excavation increases, the amount of axial force generated in the nails decreases slightly. In dynamic analysis,
changing the surcharge distance from the excavation edge does not have a significant effect on the stability
safety factor.
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