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"4\ Rule Editor: deformation

File Edit View Options

- O X

1
2
3
4. If (H is VVL) and (RQD is VH) and
5. If (H is VVL) and
6
7
8
9

If (H is VVL) and (RQD is VH) and (W is VH) and (UCS is VH) and (I is H) and (JRC is VL) and (FT is L) then (Em is VH) (1) A
.If (His VL) and (RQD is VH) and (W is VVH) and (UCS is VH) and (I is L) and (JRC is VL) and (FT is L) then (Em is M) (1)
. If(His VL) and (RQD is VH) and (W is VH) and (UCS is VH) and (I is L) and (JRC is VL) and (FT is L) then (Em is H) (1)
is VH) and (UCS is VH) and (I is VH) and (JRC is VL) and (FT is L) then (Em is M) (1
is VH) and (UCS is H) and (l is L) and (JRC is VL) and (FT is L) then (Em is M) (1

. If(His VVL) and (RQD is VH) and (W is VH) and (UCS is VH) and (l is L) and (JRC is L) and (FT is L) then (Em is H) (1)

.If (His VL) and (RQD is VH) and (W is VH) and (UCS is VH) and (l is L) and (JRC is VL) and (FT is L) then (Em is VH) (1)

. If (His VL) and (RQD is VH) and (W is VH) and (UCS is VH) and (I is H) and (JRC is L) and (FT is H) then (Em is M) (1)

. If(His VVL) and (RQD is VH) and (W is VH) and (UCS is H) and (I is VH) and (JRC is VL) and (FT is L) then (Em s L) (1)
10. If (H is VVL) and (RQD is M) and (W is VH) and (UCS is H) and (I is VL) and (JRC is M) and (FT is VL) then (Em is VL) (1)
11. If (H is VL) and (RQD is VH) and (W is VH) and (UCS is H) and (I is M) and (JRC is L) and (FT is VL) then (Em is M) (1)
12. If (H is VL) and (RQD is VH) and (W is H) and (UCS is M) and (I is VVH) and (JRC is VL) and (FT is L) then (Emis VL) (1)
13. If (H is VL) and (RQD is VH) and (W is VH) and (UCS is H) and (l is VVH) and (JRC is L) and (FT is H) then (Emis L) (1)
14.If (H is VL) and (RQD is VH) and (W is VH) and (UCS is H) and (I is VH) and (JRC is L) and (FT is L) then (Em is VL) (1)

15. If (H is VL) and (RQD is VH) and (W is VH) and (UCS is H) and (l is L) and (JRC is L) and (FT is L) then (Em s L) (1) Ve
If and and and and an
His RQD is Wis UCSis lis
L A VL A V0L A VL A
M A L L
H M M M M
H H H H
none VH VH VH
VVH none VVH no|
none none
v v v v
[Jnot [Jnot [Jnot [Jnot ]
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4\ Rule Viewer: deformation = 0O X
File Edit View Options
H =240 RQD = 95 W=280 ucs =110 1= 45 JRC =18 FT=13 Em =10
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Rock Mass Deformation Modulus In this study, two artificial intelligence models—Gene Expression Programming (GEP)
Bakhtiari Dam and the Fuzzy Inference System (FIS)—along with the conventional statistical method of
Gene Expression Programming Multiple Linear Regression (MLR), are employed to estimate the deformation modulus (Em)
Fuzzy Inference System of rock mass. The results demonstrate the clear superiority of GEP and FIS models over
Multiple Linear Regression MLR. However, the GEP exhibits slightly better predictive performance than FIS model in

estimating En. Furthermore, slightly superiorities of this study compared to the previous

similar research were proved based on the comparative analysis. Finally, variable
importance analysis indicates that weathering and overburden is the most influential factor in En modeling, while overburden height
has the least effect.

Introduction

The deformation modulus is a critical parameter that characterizes the mechanical behavior of rock masses and plays an essential
role in various rock engineering applications, including surface and underground structures. Conventional methods for estimating
En typically involve laboratory testing, in-situ load tests, and empirical equations. However, due to the inherent difficulties and
limitations associated with in-situ methods, researchers have increasingly turned to predictive modeling techniques based on rock
mass characteristics. To enhance predictive accuracy and overcome the limitations of traditional methods, intelligent modeling
approaches have gained prominence. Accordingly, this study investigates the use of GEP, FIS, and MLR techniques to estimate En,
to cover the limitations of the traditional methods and improve the accuracy of Al-based methods.

Methodology and Approaches

This study utilizes GEP, FIS and MLR models to predict the En. A total of 104 data records from the Bakhtiari dam site were collected
and randomly divided into training (84 records) and testing (20 records) datasets. Optimal models for each method were developed
using the training data, and their predictive capabilities were assessed using the testing data. The models’ performance was evaluated
using standard statistical indices, and comparative analyses were conducted among the models and against measured values and
previous similar studies. Finally, variable importance analysis was performed to determine the relative influence of each input
parameter on Ep.

Results and Conclusions

Atempts were made on both the training and testing datasets to develop optimal versions of the GEP, FIS, and MLR models for
estimating En.To achieve this, models' performancesare was evaluated during both the training and testing phases using performance
evaluation indices. The results demonstrate that the GEP and FIS algorithms outperform the MLR model in terms of accuracy.
Meanwhiles, the GEP algoritm provided more accurate outputs than the FIS model. Based on the comparative analysis,

slightly dominances of this research were found compared to the prior studies. Finally, the variable importance
analysis revealed that weathering has the highest influence on En, while overburden height has the least effect.
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