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1. Introduction

Seismic events are a direct consequence of fault movements and ruptures that propagate to the ground
surface, often causing severe damage to infrastructure located in the vicinity of active faults. While existing
seismic codes and design standards have improved, they are often insufficient to prevent the complete
destruction of structures in these zones. Current literature suggests that avoiding construction near active
faults is the most effective damage mitigation strategy. Despite extensive research on the individual impacts of
geometric and geomechanical parameters on ground deformation, a comprehensive understanding of their
combined influence on the fault setback zone remains limited. The primary objective of this study is to
qualitatively evaluate the importance and relationships of these parameters. The research aims to identify the
most significant parameters affecting ground displacement caused by fault movement and to distinguish them
from less influential ones, thereby reducing the computational cost of future numerical simulations and
providing a foundation for more effective seismic code guidelines.

2. Methodology
2.1. Sensitivity analysis

To achieve the research objectives, a dual analytical approach was employed, combining Morris's global
sensitivity analysis with a Random Forest machine learning algorithm. Morris's method is a robust tool for
evaluating the influence of input parameters on model outputs, particularly when a large number of variables
are involved. The Random Forest algorithm was utilized to validate the findings and uncover potential
nonlinear interactions between parameters. The numerical simulations were performed using the finite
element software Abaqus, modeling a homogeneous, single-layer sandy soil resting on a bedrock. The study
considered both normal and reverse faulting with faulting angles ranging from 20 to 90 degrees. The sensitivity
of the parameters was evaluated based on the changes in geometric and geomechanical parameters of model
for two different ground surface limit slopes, with boundary slopes of 1:150 and 1:500 chosen to define the
boundary between the distorted zone and the fault setback zone.

2.2. Numerical modeling

Numerical simulations of fault rupture propagation were conducted through homogeneous, single-layer
sandy soil using the Finite Element Method (FEM), implemented via the Abaqus software. The model geometry
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considered a soil layer with varying thickness (h) from 10 to 50m and fault dip angles (f) ranging from 20 to
90 degrees. The fault displacement was imposed to bottom boundary of soil layer in hanging wall which
interface between soil and bedrock and the foot wall remain fixed in both two coordinates.
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Fig. 1. Boundary conditions and meshing of the model: a) Reverse fault b) Normal fault

2.3. Soil characteristics

Geomechanical parameters evaluated included elastic modulus, Poisson's ratio, cohesion, peak and residual
friction angles, peak and residual dilation angles, and density. The soil characteristics has been shown intablel.

The soil's elasto-plastic behavior was accurately modeled using a Mohr-Coulomb constitutive model that
incorporated strain softening, with its parameters defined through a user-defined subroutine.

Table 1. Input geometric and geomechanical parameters and their ranges

parameters Lower limit Upper limit
(m) (h) Soil height 10 50
(degree) (¢,) Peakfriction angle 35 46
(degree) ( ¢, )Residual friction angle 25 34
(degree) (v ,) Peak dilation angle 5 15
(degree) (v, ) Residual dilation angle 01 4
(Pa) (C) Cohesion 1050 5000
(v) Poisson ratio 0.2 04
(MPa) (E) Elastic modulus 30 100
(kg/m3) (p) Density 1650 2000
(degree) (B) angle 20 90

3. Results and discussion

The consistent results derived from both Morris sensitivity analysis and SHAP values demonstrated that
soil layer thickness (h) is the most critical geometric parameter affecting the fault setback zone, exhibiting a
greater influence than any individual geomechanical parameter. Among the geomechanical parameters, elastic
properties (Elastic Modulus and Poisson's ratio) generally exhibited higher importance when compared to
plastic properties. A significant finding was the identification of certain plastic parameters specifically
cohesion, residual friction angle, and residual dilation angle which were found to have minimal influence on
the fault setback zone. This suggests their potential disregard in future, more computationally efficientanalyses
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without a significant loss of accuracy. Furthermore, the study highlighted that the type of fault and the limit
consideration of deformation magnitude (surface inclination) significantly impacted the sensitivity of
parameters and their complex interactions. For normal faults, the fault dip angle emerged as the second most
important parameter for the footwall, while Poisson's ratio and Elastic Modulus were key for the hanging wall.
For reverse faults, the fault dip angle and Elastic Modulus also showed significant influence, with their specific
importance varying depending on the wall (hanging or footwall) and the defined level of deformation.
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Fig. 3. Results of Morris sensitivity analysis results at a limit slope of 1/150 normal faulting for the foot wall
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Fig. 4. SHAP values of parameters in machine learning model with random forest algorithm

4. Conclusions

This study successfully evaluated the qualitative importance of geometric and geomechanical parameters
on the fault setback zone using a comprehensive Morris sensitivity analysis and a Random Forest algorithm.
The findings underscore the critical role of soil layer height, elastic parameters, and faulting angle in
determining ground deformation and the extent of the setback zone. This research provides a valuable
foundation for future quantitative studies and offers a significant step towards developing more accurate and
reliable code guidelines for seismic safety. Identifying less important parameters will help streamline
numerical simulations and reduce costs in future geotechnical investigations. The dual analytical approach
used in this study enhances the reliability of the results and provides deeper insights into the complex
dynamics and relationships between these parameters.
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