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1- Introduction

Back-to-back mechanically stabilized earth walls,
abbreviated as BBMSE by the American Association of
State Highway and Transportation Officials, are a type of
specific reinforced soil walls commonly used in the
abutments of bridges and retaining walls. Reviewing the
technical literature reveals limited studies on the seismic
behavior and fragility curves of reinforced soil walls and
back-to-back reinforced soil walls in particular. Therefore,
we investigated the seismic behavior of back-to-back
reinforced soil walls using probabilistic fragility curves
and examined the effect of the overlap length of the metal
strips on the vulnerability of these walls. For analysis,
BBMSE walls were numerically simulated using FLAC2D
Finite Difference Method software and validated against a
physical shake table model. Next, by using the results of
nonlinear dynamic analysis, fragility curves were
analytically developed based on seismic Intensity
Measures (IMs) of peak ground acceleration (PGA) and
peak ground velocity (PGV) for far-field and near-field
earthquakes.

2- Numerical modeling and dynamic analysis

Due to the nonlinear behavior of structures during severe
earthquakes, determining the seismic performance of
structures, the effects of ground motion on them during
earthquakes, and preparing fragility curves, require
numerous nonlinear analyses. In the present study, the
modeling was initially performed using the FLAC
software based on the dimensions of the shaking table
model with a strip length of 0.65 H (39 cm). The geometric
dimensions, layout, reinforcement method, and model
parameters followed the recommendations of common
codes and standards in this field. After the initial
validation, following the scaling laws, two models were
constructed based on the main dimensions with a unit
width-to-height ratio for the mutual interaction effect of
the walls. In the first model (A), a strip length of 9.3 m
(0.65 H) and an overlap length of 1.8 m (0.3 H) were
considered, while in the second model (B), a strip length

of 1.5 m (0.85 H) and an overlap length of 0.2 m (0.7 H)
were taken into account (Figure 1).
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Fig. 1. Numerical model in FLAC

The usual procedure for generating fragility curves
involves defining the maximum horizontal ground
acceleration as the seismic IM. However, research findings
suggest a stronger correlation between velocity intensities
and deformation demands. To cover the inherent
uncertainties associated with the stochastic nature of
earthquakes, two separate sets of far-field and near-field
earthquakes, each containing seven compatible records
with site conditions, were selected from the Pacific
Earthquake Engineering Research Center at the University
of California, Berkeley. The stronger horizontal
component of the time histories was dimensionlessized
based on two IMs, PGA and PGV, ranging fromOto 1 g
for PGA and from 0 to 100 cm/s for PGV, with incremental
steps of 0.1 g for PGA and 10 cm/s for PGV. These scaled
records were then applied to the model, and the maximum
horizontal displacement of the upper part of the wall was
extracted as the damage state (DS) from incremental
nonlinear dynamic analysis.

3- Developing fragility curves

The responses obtained from incremental nonlinear
dynamic analysis serve as seismic demands and are
compared with the selected displacement levels chosen as
capacities. If the demand exceeds the capacity, the
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structure is considered to have surpassed its performance
level. Considering the probabilistic nature of seismic
performance, the collapse or failure capacity of the
structure is calculated using suitable probability
distribution fitting. The generated fragility curves based on
the seismic intensity levels of acceleration and velocity,
with records categorized as near-field and far-field, are
presented in Figures 2 and 3. These curves depict the
behavioral changes of the wall until reaching the defined
failure state.
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Fig. 2. Fragility curves for model A
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Fig. 3. Fragility curves for model B

4- Conclusion

Each structure has its fragility curve, which can be used to

express the probability of structural damage at diverse

levels. The probability of failure and interpretation of

seismic vulnerability vary based on the chosen IM. The

key findings of this study can be summarized as follows:

1. Scatter coefficients and regression analysis showed that
the IMs of PGA and PGV are sufficiently effective in
estimating earthquake hazards to the back-to-back
wall.

2. Increasing the length of reinforcement from 0.65 H to
0.85 H and consequently, raising the overlap length
leads to a reduction in seismic damage probability by

approximately 35% in far-field earthquakes and up to
50% in near-field earthquakes. Moreover, the
decreasing trend of vulnerability risk in far-field areas
is more tangible during earthquakes with PGAs>0.4 g
and PGVs <4 c/s.

3. In fragility curves with PGA as IM, the minimum
probability of exceeding in the near-field compared to
far-field in model A for the levels of
undamaged/moderate damage, moderate
damage/severe damage, and severe damage/collapse is
2% to 22%, 2% to 17%, and 2% to 10%, respectively.
In model B, these values are 2% to 19%, 5% to 30%,
and 2% to 10%, respectively.

4. In fragility curves with PGV as IM, the minimum
probability of exceeding in near-field earthquakes
compared to far-field earthquakes in model A for the
levels of undamaged/moderate damage, moderate
damage/severe damage, and severe damage/collapse is
5% to 11%, 2% to 38%, and 2% to 9%, respectively.
However, in model B, a higher risk of vulnerability is
observed in far-field earthquakes compared to near-
field earthquakes, which may be due to the nonlinear
behavior of soil, irrespective of other complexities in
strong ground motion.
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Study on Seismic Vulnerability of the Back-to-Back MSE Walls Using Fragility Curves

Maryam Rahimi Alireza Firoozfar Hamid Alielahi

Abstract In this research, the seismic behavior of the back-to-back MSE walls has been assessed in a probabilistic
approach using the fragility curves and the effect of the overlapping length of the metal strips on the vulnerability of
this type of walls has been investigated. To this end, the back-to-back MSE walls are simulated using FLAC2D finite
difference program, and validated with a shaking table physical model test. So, using the results of nonlinear
incremental analysis, fragility curves are analytically extracted based on PGA and PGV intensity measures under far-
field and near-fault earthquakes. The obtained results, in addition to providing the possibility of predicting the
vulnerability of the wall in different seismic intensities, indicate that increasing the length of the metal strips from 0.65
to 0.85 of the wall height (increasing the overlapping length from 0.3 to 0.7wall height), reduces the probability of
seismic damage up to 35% in the far-field and by about 50% in the near-fault earthquakes, respectively.

Key words Fragility curves, Back-to-back MSE walls, Seismic vulnerability, Earthquakes, Numerical modeling, Near
Field and Far Field Earthquakes.
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