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Abstract

The structural design of the steel eccentrically braced frame (EBF) was developed and analyzed in this study through multiobjective
optimization (MOO). For the optimal design, NSGA-II which is one of the genetic algorithms was utilized. The amount of structure and
interfloor displacement were selected as the objective functions of the MOO. The constraints include strength ratio and rotation angle of the
link, which are required by structural standards and have forms of the penalty function such that the values of the objective functions increase
drastically when a condition is violated. The regulations in the code provision for the EBF system are based on the concept of capacity design,
that is, only the link members are allowed to yield, whereas the remaining members are intended to withstand the member forces within their
elastic ranges. However, although the pareto front obtained from MOO satisfies the regulations in the code provision, the actual nonlinear
behavior shows that the plastic deformation is concentrated in the link member of a certain story, resulting in the formation of a soft story,
which violates the capacity design concept in the design code. To address this problem, another constraint based on the Eurocode was added to
ensure that the maximum values of the shear overstrength factors of all links did not exceed 1.25 times the minimum values. When this
constraint was added, it was observed that the resulting pareto front complied with both the design regulations and capacity design concept.
Ratios of the link length to beam span ranged from 10% to 14%, which was within the category of shear links. The overall design is dominated
by the constraint on the link's overstrength factor ratio. Design characteristics required by the design code, such as interstory drift and member
strength ratios, were conservatively compared to the allowable values.

Keywords : multiobjective optimization, eccentrically braced frame, genetic algorithm, capacity design
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Table 1 Design constraints of links

Items Details
_ 20
-Nominal shear strength V, =min| V,, .
-Incaseof V, =V,
PM
when Fy =0.15, V, =0.6F,4,
PU/ P)ll ’
when 7 >0.15, V, =0.6F, 4, 2
Strength Y Y
2]%
-Incaseof V, = —
P‘ll
when Eé 0.15, M, = F . Z
P, - L _Pu/Py
when 7@ >0.15, M, = F, 0w
herein, P,= FyA Y
Pu . .
-If B > 0.15, there are no limits
y
P, L
-If N 0.15, the limits are as follows
Yy
, . M,
Length when p < 0.5, link length e < 1.6—~
P
, . M, ,
when o’ > 0.5, link length e < 1.6—2(1.15—0.3p')
P
., P, /P
herein, p = V/V , P, = FA,], V,= 06E/Au
Mo .
Ife < 1.67, limit rotation ;= 0.08rad
Plastic I 2
rotation  |-If ¢ > 2.6—", limit rotation 5, = =0.02rad
I/;) m
-Otherwise, linear interpolation
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Table 2 Mechanical properties of the optimal solutions
iti Displ t
. Quantities of Maximum story | Ratio of Link | Ultimate strength | Initial stiffness iSpracemen Dissipated energy
Solution structural drifi(%) length to Beam (kN) (kKN/mm) Ductility (kJ)
memebers(ton) o g (6,/9,)
Optimall 36.08 0.11(4th) 0.14 5307.60 74.61 3.78 924.95
Optimal2 70.06 0.05(4th) 0.10 5175.87 132.08 5.04 664.14
Optimal3 201.14 0.02(5th) 0.10 5459.05 181.23 6.48 696.92
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