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Optimal design of seismic reinforcement for structures with asymmetric
rigidity plans using genetic algorithm
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Abstract

In this study, we propose an optimal design method by applying the Prefabricated Buckling Restrained Brace (PF-BRB)
to structures with asymmetrically rigidity plan. As a result of the PF-BRB optimal design of a structure with an
asymmetrically rigidity plan, it can be seen that the reduction effect of dynamic response is greater in the case of
arrangement considering the asymmetric distribution of stiffness (Asym) than in the case of arrangement in the form of a
symmetric distribution (Sym), especially It was confirmed that at an eccentricity rate of 20%, the total amount of reinforced
PF-BRBs was also small. As a result of analyzing the dynamic response characteristics according to the change in
eccentricity of the asymmetrically rigidity plan, the distribution of the reinforced PF-BRB showed that the larger the
eccentricity, the greater the amount of damper distribution around the eccentric position. Additionally, when comparing the
analysis models with an eccentricity rate of 20% and an eccentricity rate of 12%, the response reduction ratio of the 20%

eccentricity rate was found to be large.
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(Table 1) PF-BRB Properties
. Bi-linear Bi-linear
1 Floor Properties (Comp) (Ten)
Yield Strength(kN) 2275 2275
Yield Disp(mm) 8.07 8.07
Initial Stff(kN/mm) 27.60 27.60
Post-Yield Stiff
, _ _ . 449 449
(Fig. 3) Damping Reinforcement System Ratio(/%)
Max Strength(kN) 276.25 276.25
Max Disp(mm) 20 20
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stiffness
K' = Kcos®0 (10)
Q' = Qcosb (11)
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Seismic Design Optimization of Stuchures with Asymmetric
Stiffhess Plan Using Brace Type Hysteretic Damper

Dynamic Physical Physical Characters of
Characters of Asymmetric Brace TypeHysteretic Damp
Stiffness Plan * Brace Stiffness
® Idealization of Uni- + Equivalent Damping
asymmetric stiffness plan ratio
o Uni-asymmetric stiffness
plan marix

l

Seismic Reinforcement System
e Structural System with Asymmetric Stiffness Plan
® Seismic Reinforcement System Using Brace Type
Hysteretic Damper

|

Normalization of Historical
Earthquake Loads (PGA 0.2g)

L]

Seismic Design Considering Asymmetry
Modeling of Structure with Damping Capacity of
Asymmetric Stiffness Plane Brace Type Hysteretic

e Stiffness by Damper

Eccentricity:5%. 12%. | | ® Natural Frequency by

20% Structure Eccentricity

s
Arangement Design variables
® Floor of Damper
reinforcement (jfloor)
* Damper Reinforcement
Location in plan (cadd+kadd)

Response of Seismic
Reinforcement System

Objective Function
J=max(Y1.Ys. )
Y=)max({y)

Minimum (J)

(Fig. 7 Optimization Process of
Structure with Asymmtric Stiffness
Using Brace Type Hysteretic Damper
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Example Structures

(Table 2) Physical Properties of the Example Structure

1st, 2nd X Directional
Story (;}nasljg) ; arrllcl)dij1 Stiffness(N/m)
’ Sk
ratio
10 1050 x10° 005 5070 x 107 6990 x 107

(Table 3> Y Directional Stiffness by Eccentricity

ky, ky, kys (1O7N/ m)
(10°N/m)  (10°N/m) 5% 12% 20%
7.331 1290 1.910 2.940 4410

(Table 4) Historical Earthquake Load List

EQ1 EQ 2 EQ 3

Earthquake

Load El-centro

Mexico city ~ Northridge
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(Table 5) Value of PF-BRB

5% 12% 20%
w, (rad/sec) 6.439 6.770 7.216
cuaN-M/3) 3469 x 100 3467 x 100 3.888 x 10/
g (N/m) 2119 x 107
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Design Variables Condition (ea)
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(a) Optimization of  (b)Optimization of
Symmetric Asymmetric
stiffness plan stiffness Plan

(Fig. 9 Damper Reinforcement Location by Plan
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¢;(N-m/s) where N7, is maximum number of i i i |
reinforced damper in floor i i |
(Table 7) n7;, by Eccentricity (Fig. 10> Location of Reinforced Damper in plan
5% 12% 20%
N, (e) 4 6 7 TAIE1AS MATLAB(R2023b) &3 AH5I0] FF
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No. of iteration
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(Fig. 11) Optimized Convergence of Eccentricity
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