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Study on seismic performance of modular prefabricated composite
shear walls with corner-optimized reinforcement

WU Xiaohui, WANG Yanfeng, DONG Hantuo
(Power Grid Planning Research Center of Guangdong Power Grid Co., Ltd., Guangzhou 510220, China)

Abstract ; Corner concrete damage and failure in shear wall structures under seismic loading is one of the primary
factors leading to degradation of overall structural performance. This study focuses on steel-concrete modular
prefabricated composite shear walls, proposing four optimized corner design schemes: curved steel thick-plate
(CSTP) design, stiffened CSTP design, folded steel thick-plate (FSTP) design, and stiffened FSTP design. The
seismic performance of these optimized designs was compared with that of non-optimized composite shear walls,
followed by an investigation into the parameter influence patterns of the optimal design. Results demonstrate that all
four corner optimization schemes enhance the seismic performance of modular prefabricated composite shear wall
specimens, with the stiffened FSTP design showing the most significant improvement. This optimal design
substantially improves the collaborative working capacity of the structure, increasing initial stiffness, peak bearing
capacity, cumulative hysteretic energy dissipation, and ultimate drift angle by 40%, 43% , 44.7% , and 23.58%,
respectively, compared to the non-optimized scheme. Optimal parameter ranges for the stiffened FSTP design are
provided, offering references for practical engineering applications.
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Fig. 1 Composite shear wall module and
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Fig.3 Plastic damage constitutive model of concrete
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Table 1  Constitutive parameters of the model steel
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- " fegm SARTREALH B B SR

2R PR/ Pa JeE ARG B2/ Pa W B3R B2/ Pa hifeann - o (% mm
PN A AR 2.04x10" 2.93x108 4.25%108 0.63 0.18 7.00%x108 160
0T 3 AR AR 2.05%10" 2.95x10% 4.33x10% 0.63 0.18 7.00x10° 160
HMIEE AN AR 2.05%10" 2.95x108 4.33x108 0.63 0.18 7.00%x108 105
1R R A 2.06x10" 6.40x10° 8.00x10° 0.63 0.18 7.00x10% 25

Atk 2.00x10" 3.35x10% 4.55x108 0.63 0.18 7.00x108 225
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Fig.7 Hysteresis curve comparison
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Fig. 9  Accumulated hysteretic energy and equivalent viscous damping ratio
3.2 AN ENERHE

K10 25 1 T AR A LA ot J7 =S R

SR AW 2R X R, R 4 S T AR
PEJI2EVERES AL, WTUAE A SR 7 R 0 A 38 8 TR LA 7 28, U6 59 07 S A o 78 A1 5
HEATOLARGH | AT A B8R TR B AR AR 38T B0 1 I B R A PR R He i MCW-CF2 /Y 7k g ) AT
PEPEREFE THR R, WIEE IR AL f 18, #H HE T4 MCW-CO, i/ MCW-CA1 MCW-CA2 MCW-CF1 MCW-CF2
BT 06 I BEAR R AR T 27% 25% 27% 40% WA 7 2R TR IR T 23% 30% . 18% 43% ; 2 BIE 15157 7 £t DA
MCW-CO FY 3.69% 42 T+5] MCW-CF2 Y 4.56% , 425 1 23.58%,

2000 F el
—o— MCW-C0 —o—MCW-CO
1500 F —o— MCW-CAL 480F—o— MCW-CAl
1000 } —@—MCW-CA2 T 400 [~ MCW-CA2 &
—o—MCW-CF1 E ——MCW-CF1 4 &
00T —o— MCW-CF2 > 30l—o—MCW-CF2 ¥ §
Z ) B &
e ol = p
= RPN
500 g %
-1000 160}
1500 | Sgg g s E 80}
9335 2 o o
-2000h_ . %%99e® . , ., ., ., ) i AN ..
-48-36-24-12 0 12 24 36 438 -48 -36 24 -12 0 12 24 3.6 48
DS F10/% REAEA10/%
(a) AL (b) MIEEhZ
10 FERSRIEHZRTEE
Fig. 10  Comparison of skeleton and stiffness curves
x4 ABRHFERERSE
Table 4 Typical mechanical performance parameters
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(kN/mm) F,/kN 8,/% F /AN 8,/% F,/kN 8,/%
MCW-CO 341 1089 0.35 1413 2.07 1201 3.69
MCW-CA1 435(27%) 1452(33%) 0.37 1742(23%) 2.24 1458(21%) 4.40
MCW-CA2 428(25%) 1510(39%) 0.37 1843(30%) 1.87 1566(30% ) 4.50
MCW-CF1 432(27%) 1403(29%) 0.37 1673(18%) 2.03 1442(20% ) 4.41
MCW-CF2 477(40%) 1631(50% ) 0.38 2015(43%) 2.21 1702(42%) 4.56
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Fig. 11  Compressive damage contours ofthe concrete plate
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Table 5 Cases for the parameter impact analysis
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Fig. 12 Skeleton curve and equivalent viscous damping ratio for cases 1~5
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Fig. 13 Compressive damage contours of the concrete plate
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Fig. 14 Skeleton curves and equivalent viscous damping ratio for cases 6~ 14
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Table 6 Typical mechanical performance parameters of cases 6~ 14
\ — A (AL B
i RS N/
(kN/mm) F,/kN 8,/% F /AN 8,/% F,/kN 8./%
T 6 0.4 388 1301 0.37 1678 2.44 1427 421
TH7 0.6 396(2%) 1366(5%) 0.37 1802(7%) 2.67 1532(7%) 4.21
T8 0.8 433(12%) 1470(13%) 0.37 1945(16%) 2.49 1653(16%) 4.31
T8 1.0 458(18%) 1587(22%) 0.37 2084(24%) 2.66 1771(24%) 4.48
T8 10 1.2 465(20%) 1622(25%) 0.38 2129(27%) 2.70 1810(27%) 4.51
TH 1 1.4 478(23%) 1662(28%) 0.37 2198(31%) 2.88 1868(31%) 4.48
TH 12 1.6 482(24%) 1689(30%) 0.38 2222(32%) 2.83 1889(32%) 4.52
TH13 1.8 486(25%) 1722(32%) 0.38 2287(36%) 2.67 1944(36%) 4.56
T 14 2.0 491(27%) 1732(33%) 0.38 2309(38%) 2.83 1963(38%) 4.55
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Fig. 15 Skeleton curves and equivalent viscous damping ratio of cases 15~21
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Table 7 Typical mechanical performance parameters of cases 15~21

ot }fé J% fl]( ff/ [1,] fﬁ Jett R 3N IR

Fy/kN 5}/% Fp/kN 5})/% F,/kN 8,/ %
T 15 1.0 381 1338 0.37 1750 2.49 1488 4.29
TH 16 1.5 413(9%) 1424(6%) 0.37 1868(7%) 2.46 1588(7%) 4.32
T8 17 2.0 429(13%) 1468(10%) 0.37 1981(13%) 2.47 1684(13%) 4.40
T4 18 2.5 458(20% ) 1587(19%) 0.37 2084(19%) 2.66 1771(19%) 4.48
TH19 3.0 470(23%) 1629(22%) 0.37 2148(23%) 2.65 1826(23%) 4.47
T8 20 3.5 482(27%) 1669(25% ) 0.38 2195(25%) 2.66 1865(25%) 4.52
T 21 4.0 490(29% ) 1689(26% ) 0.38 2211(26%) 2.64 1912(29%) 4.54
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