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structural control methods, which enhance both earthquake
resistance and emergency evacuation, are critical for designing safe
buildings. These methods integrate seismic retrofitting with
evacuation planning to minimize human and material losses. A key

Building - e X
Earthquake load chaIIenge_: _in earthgqake_ engineering is assessing _structural
vulnerabilities and mitigating the effects of seismic and wind loads.
AHP method Recent advancements in earthquake-prone regions have focused on
technologies such as tuned mass dampers, viscous dampers, liquid
tanks, and seismic isolators to reduce structural vibrations.
However, while these systems effectively mitigate earthquake and
Received: wind-induced displacements, improper design may reduce their
23 September 2024 efficiency or amplify vibrations. Although seismic dampers and
Received in revised isolators increase initial construction costs, they can be cost-
form: effective in the long term by reducing damage from earthquakes and
04 June 2025 wind. Dual-purpose systems not only_improve seism!c performan_ce
Accepted: put also ensure s_afe ar_1d _rapld evacuation routes, making them easily
) implementable in existing structures. These methods represent a
15 July 2025 fundamental principle for future building designs, enhancing both
pp.82-97 safety and resilience.
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Extended Abstract:

Introduction

Vibration control is an advanced method for improving
structures and designing buildings resistant to dynamic
loads that improves the response of the structure without
reinforcing

individual elements. This method, with appropriate
equipment, reduces displacement and enhances dynamic
response. Given the need for simple and economical
methods in the country, the development of these
systems is essential. Iran is faced with 31 types of natural
disasters, especially earthquakes, which require the
study of critical conditions. The main challenge of
earthquake engineering is the identification and control
of structural damage. Structural health monitoring
(SHM) systems, control and adaptability, and artificial
intelligence reduce failures, costs, and losses. This paper
introduces a new system that uses SHM and vibration
control to increase seismic resistance and facilitate
emergency evacuation. This system can be installed in
existing structures at a reasonable cost. Control methods
were examined and the best method was selected using
AHP.

Methodology

In this study, earthquake-resistant structural control
methods were identified using library resources. Then,
through interviews with experts in the fields of
structures, earthquakes, and construction management,
evaluation indicators for these methods were extracted.
A questionnaire was provided to 14 experts to weight the
indicators and score the methods. Using the group
decision-making method and paired comparison on a
nine-point Likert scale, the priority and final weight of
the methods were determined. A decision hierarchy tree
was formed at three levels and four structural control
methods were compared in the Expert Choice software
to select the optimal option. To examine the validity of
the questionnaires, Cronbach's alpha was calculated,
which was acceptable at 77.67 percent. Pairwise
comparison matrices with a consistency of less than 0.1
were used, and incompatible matrices were eliminated.
Finally, the optimal structural control method was
determined.

Results and discussion
In this study, earthquake-resistant structural control
methods were investigated with a dual-purpose approach

(seismic resistance and facilitating emergency
evacuation). First, by studying library resources,
structural control methods were identified. Then,

through interviews with experts in the fields of structure,
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earthquake, and construction management, key
evaluation indicators were extracted, including the level
of earthquake and wind resistance, implementation cost,
feasibility in existing buildings, implementation
complexity, and implementation speed. A questionnaire
was designed to weight these indicators and score
structural control methods (active cable control, mass
dampers, non-mass dampers, and seismic isolators) and
was provided to 14 experts. Using the group decision-
making method and paired comparison on a nine-point
Likert scale, the final weight of the indicators was
calculated in the Expert Choice software. The results
showed that the earthquake and wind resistance index
with a weight of 0.389 was the most important, followed
by implementation cost (0.249), feasibility (0.159),
implementation complexity (0.102), and implementation
speed (0.054). Pairwise comparison matrices were
formed for each method in each index. In the earthquake
and wind resistance index, the active cable control
method with a weight of 0.272 (earthquake) and 0.483
(wind) had the best performance. This method was also
superior in the implementation cost (0.477), feasibility
(0.627), implementation complexity (0.537), and
implementation speed (0.506) indices. The non-mass
dampers, seismic isolators, and mass dampers methods
were ranked next, respectively. To ensure the validity of
the questionnaires, Cronbach's alpha was calculated and
confirmed with a value of 77.67% (above the acceptable
limit of 75%). Also, the compatibility of the pairwise
comparison matrices was examined and matrices with an
inconsistency rate of more than 0.1 were eliminated.
Finally, by multiplying the weights of the indicators by
the scores of the methods, the final ranking was
extracted, in which the active cable control method with
an importance coefficient of 0.380 was recognized as the
most optimal method, while mass dampers (0.148), non-
mass dampers (0.245) and seismic isolators (0.227) were
ranked next. These results indicate the superiority of the
active cable control method in improving structural
resistance and facilitating emergency evacuation.
Conclusion

Safety, time, and economy are key factors in the quality
of Iran’s construction industry, especially given the
country’s location in a seismically active region. The
seismic safety of buildings is of particular importance
due to the possibility of destructive earthquakes. Crisis
management, including prediction, early warning, and
response, plays an important role in reducing casualties
and increasing safety. Smart building technology,
especially active vibration control, is widely used in this
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regard. Vibration control methods include mass
dampers, viscous dampers, liquid tanks, pendulums, and
seismic isolators. These methods are mainly designed to
reduce the effects of earthquakes, but wind force is also
important in tall buildings. The use of pendulums or
liquid tanks, although reducing vibrations, increases the
weight of the structure and increases the force of the
earthquake. Improper design of these systems may
exacerbate vibrations. The active cable control method
was identified as the best method because it reduces
vibrations, limits structural deformation, and maintains
emergency escape routes. The non-mass dampers,
seismic isolators, and mass dampers methods were
ranked next.
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