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Research on elastic lateral-resistant stiffness of corrugated steel plate shear walls
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Abstract; To theoretically analyze the elastic lateral-resistant stiffness of corrugated steel plate shear walls, the
relationship between elastic modulus, shear modulus, and unknown Poisson’ s ratio of corrugated steel plates with
different wave forms was obtained by comparatively analyzing the in-plane deformation of equivalent orthotropic plate
under pure shear and pure principal stress in elasticity phase using orthotropic plate theory. The unknown Poisson’ s
ratio was calculated inversely by shear modulus of steel plate to obtain the unified formula of shear modulus for
corrugated steel plates. Applying the unified formula to the elastic lateral stiffness formula of thick steel plates, the
elastic lateral stiffness formula of corrugated steel plates was obtained. The elastic lateral-resistant stiffness of
corrugated steel plate shear walls was calculated by simple addition of corrugated steel plate stiffness and frame
stiffness. The reliability of the proposed formula was verified by existing shear modulus formula of corrugated steel
plates. Then, a total of 70 models were simulated based on ABAQUS finite element analysis software for corrugated
steel plate shear walls with different wave forms and sizes to verify the uniformity of the proposed formula. Results
show that the unified formula was accurate and reliable for calculating the elastic lateral-resistant stiffness of
corrugated steel plate shear walls. The wavelength and corrugation expansion length both had significant effects on
the elastic lateral-resistant stiffness, while the wave forms of corrugated steel plates had no effect on the variation of
elastic lateral-resistant stiffness when the wavelength and corrugation expansion length were constant. Finally, the
application scope of the unified formula was determined.
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Fig.2 Relationship between normal stress, shear stress, and deformation of inscribed square in square element
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Fig.3 Commonly used wave forms of corrugated steel plates
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Tab.1 Comparison of lateral-resistant stiffness of trapezoidal corrugated steel plate shear wall

Kit5ms KEMME, KR/

e Lo o o P v e @/ ) cm (KN+mm™") (kN-mm™') KHHE
T1 3 3 0.0325 0. 130 0. 038 5 30 0.3 385.19 344.08 1.12
T2 3 3 0.0325 0. 107 0. 065 5 45 0.3 377.33 338.60 1.11
T3 3 3 0.0325 0.075 0.113 5 60 0.3 353.50 321.65 1. 10
T4 3 3 0.0325 0. 065 0. 150 5 90 0.3 319. 81 296. 99 1.08
T5 3 3 0.0325 0.075 0. 188 5 120 0.3 278. 15 258.30 1.08
T6 3 3 0.065 0 0. 184 0.380 5 135 0.5 235.95 229.34 1.03
T7 3 3 0.112°5 0. 260 0. 380 5 120 0.5 218.55 213.43 1.02
T8 3 3 0.0325 0. 130 0. 138 5 30 0.5 398. 03 354.31 1.12
9 3 3 0.0325 0. 092 0. 185 5 45 0.5 387.45 345.52 1.12
T10 3 3 0.0325 0. 075 0.213 5 60 0.5 376. 46 339.48 1.11
T11 3 3 0.0325 0. 065 0. 250 5 90 0.5 351. 46 321.52 1.09
T12 3 3 0.0325 0.075 0.288 5 120 0.5 317. 14 296. 37 1.07
T13 3 3 0.0325 0. 130 0. 038 2 30 0.3 207.91 192. 66 1. 08
T14 3 3 0.0325 0. 107 0. 065 2 45 0.3 204. 76 189. 50 1.08
T15 3 3 0.0325 0.075 0.113 2 60 0.3 195.23 179.77 1.09
T16 3 3 0.0325 0. 065 0. 150 2 90 0.3 181.76 165. 94 1. 10
T17 3 3 0.0325 0. 075 0. 188 2 120 0.3 165. 09 147.90 1.12
T18 3 3 0.065 0 0. 184 0. 380 2 135 0.5 148.21 131. 41 1.13
T19 3 3 0.065 0 0. 184 0.380 8 135 0.5 323.68 310. 06 1. 04
T20 3 3 0.112°5 0. 260 0. 380 2 120 0.5 141.25 123. 80 1. 14
T21 3 3 0.112°5 0. 260 0. 380 8 120 0.5 295. 84 287. 17 1.03
T22 3 3 0.0325 0. 065 0.250 8 90 0.5 508. 51 426. 84 1.19
T23 3 3 0.0325 0. 075 0.288 8 120 0.5 453.59 396. 57 1. 14
T24 3 3 0.065 0 0. 184 0. 070 5 45 0.4 349. 56 304.91 1.15
T25 3 3 0.065 0 0. 150 0. 125 5 60 0.4 329.52 282. 89 1. 16
T26 3 3 0.065 0 0. 260 0.025 5 30 0.5 379.19 338.45 1. 12
T27 3 3 0.065 0 0. 184 0. 120 5 45 0.5 361.07 318. 34 1.13
T28 3 3 0.065 0 0. 150 0.175 5 60 0.5 343.37 307. 26 1.12
T29 3 4 0.065 0 0. 150 0.075 5 60 0.3 202.71 193.27 1. 05
T30 3 3 0.055 0 0. 127 0. 086 5 60 0.3 321.42 272. 46 1.18
T31 3 3 0.075 0 0.173 0. 063 5 60 0.3 298. 80 245. 62 1.22
T32 3 3 0.065 0 0. 150 0.075 4 60 0.3 265.57 206. 71 1.28
T33 3 3 0.065 0 0. 150 0. 075 6 60 0.3 353.49 310. 11 1. 14
T34 3 3 0.065 0 0. 150 0. 175 5 60 0.5 343.41 314.78 1.09
T35 3 3 0.065 0 0. 150 0.175 6 60 0.5 394. 15 352.35 1.12
T36 3 3 0.065 0 0. 150 0. 175 7 60 0.5 444. 89 386. 65 1.15
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Fig.5 Load - displacement curve of corrugated steel
plate shear wall under horizontal load

P SCHINR S T R AR ST 70 A AR RN AR
BRI, 70 A ERIEBOE 36 4>, IR I8 17 4>, =
FIBUIE 9 4> B RIE BOE 8 4> LIS e B8 22 3R
gtk

1 ~3 i K TR S B0 SO bR 5T ) 4 55
PEGTON I EE TSR, 2 rh 30 SCHA M AT 00 M
S MIAE 247000 PO J38 34530 F7 20 8 o T G 9 2
{H, A UL(36) .

(EASE B AY I, B SUB AR B L I R B 3R
W 1A S BE R /N, ARG B IR BREE , AR TEAE
2RI A TE H S BE AR S5 R A8 45 1 S kAl
b T AR BT SRS 5 AT FROCEE R AUE 8 T #0146
R BRI 2R 5925 i 22, EL BT 355 o ) P SUR RO
AELE Y R SRS S Xl K 3 KT K L
(B, 7E3R 1 ~3 A REL, 2 2 FIEsZ I SU
JIRERIEEXS LEAEAEA 3 K ARG /NS, B AR
/NIRRT, 8 T

K6, S0 IE =M AR S HIE B Ui A
5 345 R AR IE SR B SRR BY T h B s
DEEE RAR = AIE eSO Y T d LB T
B ARG R WSO F1ki o e SUHIAR Y 185
THRE AU L (E A9 B E 1 111, 246 KR 0w
AR 0% S DL L UG I 08 A B g i i 1 2
THRE HOBHUME B AR R K, 7ETH5 57 ) S b A= 9 )
I, AN 5 g SR R R B /N T R 5
J1 HIXHR ZE 425 5 220 0. 006 4, a5 5 4 40
(ELEMAM) & RLAF, BERLE /DN s 2 W T £ th A SRR
ST IR RPENIEE G — TR AR A W RS —1E

®2  EKRSHIRET SiEH Rl B X b

Tab.2 Comparison of lateral-resistant stiffness of sinusoidal corrugated steel plate shear wall

- U e C/m - ¢/m Kitoss K U/ K iH M/

(kN+-mm™")  (kN-mm™") K A4
S1 3.0 3.0 0. 065 5 0.20 283.93 218.29 1.30
S2 3.0 3.0 0. 065 6 0.20 322.77 273. 82 1. 18
S3 3.0 3.0 0. 065 7 0.20 361.62 302. 83 1.19
4 3.0 3.0 0. 065 8 0.20 400. 46 323.50 1.24
S5 3.0 3.0 0. 065 5 0.40 359.20 364. 56 0.99
S6 3.0 3.0 0. 065 5 0.50 376.31 387. 16 0.97
S7 3.0 4.0 0. 065 5 0. 30 218.98 230. 26 0.95
S8 3.0 5.0 0. 065 5 0. 30 164.29 184. 83 0.89
S9 3.0 5.0 0. 065 6 0.40 213.41 221.58 0.96
S10 3.0 3.0 0. 055 5 0.30 348.24 294. 07 1.18
Si1 3.0 3.0 0. 065 5 0. 30 331.23 280. 44 1.18
S12 3.0 3.0 0. 075 5 0.30 315.26 265. 34 1.19
S13 3.0 3.0 0. 085 5 0.30 300.53 235.17 1.28
S14 3.0 3.0 0. 095 5 0. 30 287.09 215.49 1.33
S15 2.5 2.5 0. 030 5 0.50 473.35 376.75 1.26
S16 2.7 3.0 0. 045 6 0.30 387.90 336. 19 1. 15
S17 3.0 2.7 0. 100 7 0.45 494. 49 420. 67 1. 18
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Tab.3  Comparison of lateral-resistant stiffness of triangular and semicircular corrugated steel plate shear walls

. /&@zfﬂﬂ)ﬂi L W C./m . /(%) €\/m Kit3a/ K 53 {E/ K itﬁ{ﬁ/
e (KN-mm™") (kN -mm™")  KBHIE
Bl =viibiZ 3 3 0.014 4 3 30 0.10 261. 09 244, 40 1.07
B2 = 3 3 0.0250 3 45 0.10 229. 64 216.55 1.06
B3 =MIE 3 3 0.043 3 3 60 0.10 188. 66 174. 66 1.08
B4 =M 3 3 0.043 3 3 30 0.30 261. 09 245. 87 1.06
B5 = 3 3 0.0750 3 45 0.30 229. 64 216. 14 1.06
B6 = 3 3 0.129 9 3 60 0.30 188. 66 173. 83 1.09
B7 = 3 3 0.043 3 5 30 0.30 375.33 339.51 111
B8 = 3 3 0.075 0 5 45 0.30 322.92 299. 43 1.08
BY =i 3 3 0.129 9 5 60 0.30 254. 62 240. 15 1.06
B10 R 3 3 0.0250 2 0.10 173.70 158.29 1.10
Bl11 2[RI 3 3 0.037 5 2 0.15 173.70 159. 15 1.09
B12 RAA 3 3 0.050 0 2 0.20 173.70 158.29 1.10
B13 FIRIE 3 3 0.075 0 2 0.30 173.70 158. 43 1.10
Bl4 £ TE 3 3 0.0250 4 0.10 257. 68 245. 06 1.05
B15 A 3 3 0.037 5 4 0.15 257. 68 248. 07 1.04
B16 IRE 3 3 0.050 0 4 0.20 257. 68 246. 47 1.05
B17 RIE 3 3 0.0750 4 0.30 257. 68 246. 47 1.05
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Fig. 6 Comparison between theoretical calculation
results and simulation results
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Fig.7 Corrugated steel plate shear wall with different boundary conditions
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