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Abstract

Aimed at the engineering cost and shear bearing capacity of coupling beam in shear wall structure,
by changing the coupling material and reinforcement mode of the coupling beam, the mul-
ti-objective optimization design idea of composite structure or component was adopted to optim-
ize these coupling beams, so as to seek a more economical and reliable design plan. Taking the FRC
diagonal reinforcement experimental study on seismic performance of short span coupling beams
as the design foundation, the author chose beam engineering cost and shear bearing capacity as
the optimization goals, introduced weighted coefficients to construct the evaluation function, and
used the complex method for the optimal solutions of the multi-objective optimization design idea
to realize the nonlinear multi-objective optimization design through MATLAB programming. The
result showed that, compared with the conventional design, the engineering cost of the FRC di-
agonally reinforced coupling beams with small span-to-depth ratio reduced by 26%~42%, and the
shear bearing capacity of them improved by 40%~60%.
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Table 1. Minimum reinforcement ratio (%) for longitudinal reinforced bars
with span-height ratio not greater than 1.5

% 1. BEL /0 RATF 1.5 B RN BMEER NESHE (%)

Bkl L/h /MR CR R E)
W/h<0.5 0.20, 45f1f;
0.5<//h<15 0.25, 55 fify
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Table 2. Maximum reinforcement ratio (%) for longitudinal reinforcement of

coupling beams
= 2. ERPEMAHEIRAEHTE (%)
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W/h<1.0 0.6
1.0<l/h<2.0 12

Table 3. Maximum spacing and minimum diameter of stirrups (mm)
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= hy/4,6d, 150 8
I hy/4, 6 d, 150 6

3. RBFERKLER

RIS IE R AR 181E A BN A& A BT E B — Fhod B T Bt EIRIERITE n 4E52 AR L% 2] )
AT AERIN, HK > (n+ DTSR AR kA 22X I & TS i — it A7 b, A
W £ R EUE R BT, BPER, B BRI S 2im it . 2Rk EREE fapgk, H
BRAER T N RGN AR . RIRERECP KRBT : 1) RI\LIAEMEVILERTE; 2) FRBESR
3) THHEBLR SR BUE IS e T HE 4) SIS S g . 2R B FTIR, SRTAAE SR AR B AR AR
RE, RIS T AN X, B E AR R A L R R BRSO VR TR G IR R R . AR SCRI R RN
AL BAE, JEit MATLAB 9mfe, iE4CiHSH FRC /NS & HERTE Bl &2 & T At d. AL ImREAE
Bl 1 . EAmE X, BN ERREL RS 80 ML AR KA E R R, R E R
WM AR R IKRHIME, &7 ERE, R E bs R s ME L X RS HE. H B RN EL
WA, WERIRE, EHE

945 FFEF (Matlab X4
% B Matlab3 f:confun. m (L) 464F)
!
i’ﬁﬂ?%x’ﬂf@ﬂﬁﬁﬁ ]
i R 2R 4?

|
v v
HHETRENCK), R (2) HEBERESV(x), X (3

WU o BIH
¥Itha=0.0, B=1.0

THE H AR R ER(x), 2(1)
i HH minF(x) X B [ A5 5 X

!
4R

Figure 1. Optimization design flow chart
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Figure 2. Optimization of the size and reinforcement diagram of the coupling beam before and after
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Table 4. Comparison of optimization design parameters before and after of L,

F 4. W L MUETERITSHERIE

EY| a f  bmm hmm domm n/H  d/mm  a/R do/mm  ayR  do/mm  sy/mm Co/IGm Vo/kN

AT 200 600 0 0 22 5 16 4 10 100 614.0 836.18
120 600 16 4 16 4 16 4 10 100 659.6 1416.6
Ak 5
120 600 12 4 12 2 12 3 8 150 4535 849.19

4.2. iLER DR
5 L. Ly, Ly =R RIS R EC N 6 B AL S R F 3 5. 3 6 f3R 7 Fios.

Table 5. Optimization results of specimen L, under different weighting coefficients

=5 W L AR AR TR LER

PIIEES ¢

p TAEEAN Cr)/tm ™) PRI T V(x)/kN ERaNEE A
o

0.0 1.0 1388.88 2023.28 —2.420
0.2 0.8 892.08 1693.43 0.455
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Continued
0.4 0.6 659.64 1416.64 2.565
0.6 0.4 453.45 849.19 4.391
0.8 0.2 355.03 845.65 6.222
1.0 0.0 353.66 810.15 8.000

Table 6. Optimization results of specimen L, under different weighting coefficients

= 6. M L ERRIMI AR TR HLER
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ﬁ THEEN Ce/tm™) PUBTRE T V(x)/kN H bR 5
0 1 1573.81 2057.18 —2.466
0.2 0.8 1178.34 1387.61 -1.681
0.4 0.6 1158.81 1057.27 -0.910
0.6 0.4 957.37 816.74 -0.136
0.8 0.2 818.40 714.26 0.468
1 0 745.43 696.18 0.910

FE: B L SRAL T TR A (ColMFLBY A 3(Vo) 73509 819.15 J6-m ™ il 834.22 kN,

Table 7. Optimization results of specimen L; under different weighting coefficients
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0 1 1004.34 1354.64 -1.62
0.2 0.8 852.38 1351.22 -1.02
0.4 0.6 853.34 1350.67 -0419
0.6 0.4 621.47 921.16 0.167
0.8 0.2 522.52 484.04 0.565

1 0 521.63 460.37 0.850

TE: 3 Ly AL I TAZE M (Co) MIFLBY AR 3 F1 (Vo) 7391 836.20 JG-m ™ A1 613.68 kN,
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3) 4 a BN <a<0.4), URHRTPTEI AR AR TR 2 o BRI (0.60 <o < 1.00), {U&E
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Figure 3. The relationship between weighted coefficient a and optimal objectives
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