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1. Introduction

The deformation modulus of a rock mass is an important
parameter for the design and successful execution of rock
engineering structures, because the modulus of
deformation is the best representative parameter of the
pre-failure mechanical behavior of the rock material and
of a rock mass. For example, in designing the primary
support for an underground space, the deformations of the
rock mass surrounding the underground space are
important and a numerical analysis of these deformations
requires an estimate of the rock mass modulus of
deformation. Field tests for determining this parameter
directly are expensive and time consuming, and the
reliability of the results is sometimes questionable. Due to
the operational difficulties mentioned above, attempts
have been made to develop empirical equations for the
indirect estimation of the deformation modulus of rock
masses. Consequently, several authors have proposed
empirical equations for estimating the value of an
isotropic rock mass deformation modulus based on
classification schemes such as tunneling quality index
(Q), rock mass rating (RMR), geological strength index
(GSI) and rock quality designation (RQD).

The use of a single parameter will produce a simple
predictive model. However, a single value classification
system as the summed value of many parameters may be
limited in terms of the establishment of a precise
correlation between the deformation modulus and an
RMR, GSI, or Q system. For example, an RMR system
employs six parameters: the spacing of discontinuities, the
uniaxial compressive strength of intact rock (UCS), the
condition of discontinuities, the RQD, an adjustment for
the orientation of discontinuities, and the groundwater
condition. The correlation between the RMR and modulus
of deformation assumes the same trend and correlations
between the modulus of deformation and these six
parameters. This assumption can decrease the statistical
accuracy of empirical equations.

Although previous efforts are valuable, in many cases,
the aforesaid empirical models are not capable of

distinguishing the sophisticated structures involved in
dataset. These have been the main causes of interest for
better finding out the interaction between the deformation
modulus and rock classification systems and also
proposing a more precise and reliable model for the
prediction of deformation modulus of a rock mass. For
reaching the goal, using developed methods like
computational intelligence  methods, which can
successfully model the behavior of linear and nonlinear
involved in data, is useful. These methods are feasible,
quick and promising for solving engineering problems,
particularly when the contact nature between independent
variables and dependent variables are unknown.

2. Method

Although previous efforts are worthwhile, the use of these
relationships in other areas has been flawed due to the
complex structures in rock engineering and the uncertain
nature of rock. Therefore, due to advances in data mining
regarding reducing computational errors as well as
modeling the linear and nonlinear behavior of data,
developed methods of computational intelligence are
used. These methods are fast, inexpensive and highly
capable for solving engineering problems. According to
some studies, as it is known due to the multivariate input
parameters, complexity in geotechnical parameters, and
the proximity of intelligent methods to the reality of the
problem, today the use of algorithms for constructing a
limit state function is a very suitable alternative to
regression methods. The methods are experimental. This
study proposed Harmony Search (HS) and Teaching-
Learning Optimization Algorithm (TLBO) for predicting
indirectly the modulus of rock mass deformation, due to
the increase in accuracy, the development of intelligent
methods, considering the uncertainty in input parameters,
entering several input parameters in the relation, and the
applicability of the relations obtained in similar case
studies of intelligent algorithms. Finally, in order to
validate a number of statistical indicators to evaluate the
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obtained relationships, the results show that the obtained
relationships have a very high accuracy.

3. Results and conclusion

Rock mass deformability modulus is used as the most
important geomechanical property of rock mass in
designing many rock structures such as foundations, dams
or underground excavations. The presence of
discontinuities in the rock mass is known as an important
and influential factor in the rock mass deformation
modulus. For this reason, due to the difficulties in
evaluating the deformation of jointed masses on a
laboratory scale, various in situ testing methods such as
plate loading test and dilatometer test can be used to
consider the effect of scale and joints. Although these
methods are currently the best, they are expensive, time
consuming, and have operational difficulties during
implementation. Therefore, to overcome these problems,
indirect methods such as experimental relationships and
multivariate regression methods can be used. On the other
hand, due to the high uncertainty in the nature of the rock
and also the low accuracy of regression methods, today,
intelligent methods are used to increase the accuracy and
applicability of indirect methods in any study area.

The purpose of this paper was to apply the new
Harmony Search (HS) algorithms and the Teaching and
Learning Based Optimization (TLBO) to indirectly
estimate the modulus of deformation of a rock mass with
high accuracy. In these models, the rock mass rating
(RMR), uniaxial compressive strength of virgin rock
(UCS), depth (D) and the modulus of elasticity of intact
rock (Ei) as input parameters and the modulus of rock
mass deformability (Em) as output parameter Used. In
this paper, using the indices of square correlation
coefficient (R?), variance inclusion (VAF), root mean
square error (RMSE) and mean square error (MSE), the
model created by the algorithms is evaluated and
validated. The evaluation results showed that the
relationship accuracy for the harmonic search algorithm
using R? and VAF methods is about 0.91-0.93 and the
error percentage using the RMSE and MSE methods is
between 0.000017-0.0042. Moreover, the relationship
accuracy for the optimization algorithm based on teaching
and learning using R? and VAF methods were about 0.92-
0.95 and error percentage using RMSE and MSE methods
were between 0.00001- 0.0032.
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Predicting the Most Important Geomechanical Parameter of Rock Mass Using the Harmony Search
and Teaching Learning Based Optimization Algorithms

Hadi Fattahi Farshad Malekmahmoudi Hossin Ghaedi

Abstract Due to the difficulties in assessing the deformation of jointed aggregates at the laboratory scale, various in
situ testing methods such as plate loading test and dilatometry can be used to consider the effect of scale and joints.
Although these methods are currently the best, they are expensive, time consuming, and have operational difficulties
during implementation. Therefore, in this paper, to overcome these problems, new harmony search algorithms (HS) and
teaching-learning optimization algorithm (TLBO) are used to indirectly estimate the modulus of rock mass deformation.
In these models, the rock mass classification score (RMR), uniaxial compressive strength of virgin rock (UCS), depth
(D) and the modulus of elasticity of intact rock (Ei) as input parameters and the modulus of rock mass deformability
(Em) as output parameter Used. In this paper, Using different statistical indicators, the model created by the algorithms
is evaluated and validated. The evaluation results showed that the relationship accuracy for the harmonic search
algorithm using R? and VAF methods is about 0.91-0.93 and using the RMSE and MSE methods is between 0.000017-
0.0042. Also, the relationship accuracy for the optimization algorithm Based on teaching and learning using R? and
VAF methods, about 0.92-0.95 and using RMSE and MSE methods were between 0.00001- 0.0032.

Key Words Deformation of modulus, harmony search algorithm, teaching-learning optimization algorithm, rock mass.
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