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ABSTRACT
Article info: Background: Hyperbolic cooling towers are considered important and strategic

structures in power plants. Due to their large dimensions, complex geometry, and
Article History: unique dynamic characteristics, these structures exhibit seismic behavior that
Received: 15 January 2026 differs considerably from that of conventional structures. Therefore, the
Revised: 25 April 2026 determination of appropriate seismic parameters, particularly the response
Accepted: 28 April 2026 modification factor, plays a crucial role in ensuring the safe and economical design
Published: 22 June 2026 of cooling towers. The shell and supporting columns of cooling towers are typically

constructed of reinforced concrete, with the columns generally configured in X- or
A-shaped arrangements. The objective of this study is to evaluate the response
modification factor of a reinforced concrete cooling tower supported by a
structural system consisting of steel columns with meridional or I-shaped
configurations.

Methods: The The seismic performance and response modification factor of the
proposed cooling tower were investigated using nonlinear static pushover
analysis. A three-dimensional finite element model of a cooling tower
approximately 120 m in height was developed. The reinforced concrete shell was
supported by 36 steel columns arranged in meridional or I-shaped configurations
and inclined at an angle of 10° to the vertical. Pushover analysis was performed
using a lateral load pattern proportional to the fundamental mode shape to
represent the dominant contribution of the first mode to the overall seismic
response.

Results: Based on the analysis results, the structural capacity curve and key seismic
parameters, including the target displacement, response modification factor,
ductility reduction factor, and overstrength factor, were determined. The response
modification factor and overstrength factor obtained for the cooling tower
supported by meridional steel columns were approximately 1.4 and 1.02,
respectively.

Conclusion: The results demonstrated that the steel column-supported cooling
tower can sustain the target displacement in a stable manner without experiencing
structural instability. The response modification factor obtained for the cooling

Keywords: ( | ¢
Cooling Tower tower was found to be lower than the corresponding values specified in the
Steel Columns relevant design codes. The response modification factor and overstrength factor of
Static Pushover Analysis the cooling tower with meridional or I-shaped steel columns were approximately
Finite Element Method 60% and 42% lower, respectively, than the corresponding values recommended by
Response Modification Factor the design codes.
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Introduction

yperbolic Cooling towers are

among the critical structures

in power generation facilities.

The shell and supporting

columns of cooling towers are

typically  constructed of

reinforced concrete, with the

columns commonly arranged
in X or A-shaped configurations. This study
investigates the innovative application of
steel columns with meridional or I-shaped
configurations in cooling towers. Cooling
towers are among the largest shell structures
of their kind. Given their critical role in
power plants, cooling towers are classified as
special and important structures, and any
damage caused by various types of loading
can adversely affect the continuous
operation of the power plant. Therefore,
numerous studies have been conducted to
investigate the structural behavior of cooling
towers. In this study, the innovative use of
steel columns as an alternative to
conventional reinforced concrete columns is
proposed. In this paper, the design and
modeling of a cooling tower with a
composite structural system consisting of a
reinforced concrete shell and steel columns
were considered. The supporting columns of
the tower were designed in a meridional
configuration. The proposed cooling tower
was modeled and analyzed using the finite
element method. Based on the results of the
pushover analysis, the seismic performance
of the structure was evaluated, and the
response modification factor, ductility
reduction factor, and overstrength factor of
the cooling tower were determined and
compared with the corresponding values
recommended by the relevant design codes.

Methods

The seismic performance and response
modification factor of a reinforced-concrete
cooling tower supported by steel columns
are evaluated wusing nonlinear static
pushover analysis. A cooling tower with an
approximate height of 120 m is modeled
using the finite element method. In the
proposed cooling tower, the reinforced
concrete shell is supported by 36 meridional
steel columns with an I-shaped cross-
section, inclined at an angle of 10° from the
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vertical axis. The cooling tower shell was
modeled using four-node shell elements,
while the supporting columns were modeled
using frame elements. The nonlinear static
pushover analysis is conducted under a
lateral load pattern proportional to the
fundamental mode shape of the structure.

Results

Based on the analysis results, the structural
capacity curve and key seismic parameters,
including the target displacement, response
modification factor, ductility reduction
factor, and overstrength factor, are
determined. For steel or reinforced concrete
cooling tower structures, seismic design
codes such as Standard No. 2800 specify a
response modification factor of R=3.5 and an
overstrength factor of (=2.0. In contrast,
ASCE 7 recommends R=3.5 and Q=1.75 for
reinforced concrete or steel cooling towers.
However, in the present study, the response
modification factor and overstrength factor
obtained for the cooling tower supported by
meridional steel columns were
approximately 1.4 and 1.02, respectively.

Conclusion

The results indicate that the cooling tower
supported by steel columns can sustain the
target displacement in a stable manner. The
response modification factor obtained for
the proposed cooling tower is lower than the
corresponding values specified in the
relevant design codes. The response
modification factor and overstrength factor
of the cooling tower with meridional or I-
shaped steel columns were approximately
60% and 42% lower, respectively, than the
corresponding values recommended by the
design codes.
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  C =   A B I    R  u


    V  u =   A B I    R  u W =   0 . 3 × 0 . 76 × 1 . 4  3 . 5 × 122000


    V  u = 11126   k N


    V  u = 11126   k N


    W  e x t  ( z , 𝜃 ) =   C  p  ( 𝜃 ) ×   q  e  ( z )


    q  e = 1 . 05    (   z 10 )  0 . 22


   c p  ( θ ) = 1 − 2    ( sin  90 70 θ )  2 . 267                       0 ≤ θ ≤ 70


   c p  ( θ ) = − 1 + 0 . 5    ( sin  (  90 21  ( θ − 70 ) ) )  2 . 395 70 ≤ 𝜃 ≤ 91


   c p  ( θ ) = − 0 . 5                                                                     91 ≤ θ ≤ 180


   b t =   1000 − 2 × 25 25 = 38


   λ p = 1 . 12   E   F y = 1 . 12    2 ×  10 5 240 = 32 . 3


   λ p = 1 . 12   E   F y = 1 . 12    2 ×  10 5 240 = 32 . 3


   λ r = 1 . 49   E   F y = 1 . 49    2 ×  10 5 240 = 43 . 0


   λ r = 1 . 49   E   F y = 1 . 49    2 ×  10 5 240 = 43 . 0


  →  λ p <  b t = 38 <  λ r


  →  λ p <  b t = 38 <  λ r


    T  e =   T  i      K  i    K  e


    𝛿  t =   C 0   C 1   S  a     T  e 2  4   𝜋 2 g


    𝛿  t = 1 × 1 × 0 . 32 ×     2 . 18 2  4   𝜋 2 × 9 . 81 = 0 . 38   m
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