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Investigation of lateral-resistant behaviour of thin steel

plate shear walls with vertical stiffeners

WANG Yingsheng , JIA Guiqiang ,\WANG Xiantie, XIE Chuandong , LIANG Xudong
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract; In this paper, the mechanical behaviour and deformation of the thin steel plate shear wall with vertical
stiffeners (SPSW-VS) were studied. The formulas of lateral stiffness with the contribution of stiffeners and lateral-
resistant capacity of thin SPSW-VS considering post-buckling strength were obtained. Then the finite element
analysis of full-scale models with pinned boundary connections was conducted, followed by comparison works. It is
indicated that the predicted lateral stiffness and lateral-resistant capacity consisting buckling strength and post-
buckling strength agree well with the numerical analysis results. An introduction of vertical stiffeners would
increase the elastic buckling stress of the thin SPSW-VS. Moreover, vertical load would decrease the lateral
stiffness and lateral-resistant capacity of the thin SPSW-VS, but this effect would be reduced significantly when
increasing the number of stiffeners rather than the area of the stiffeners.
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Fig. 1 Analysis model and calculation diagram
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Tab. 1 Buckling stress of non-stiffened and vertical stiffened

thin SPSWs/MPa

AR R /mm

HA i

KR MH —6X3 600 —8X3600 —8X3 600
X3 600 X3 600 X5 400

E[S/IE! 0 3.62 8.58 6.51
1 18. 35 32.03 15.53

BEmzh 2 41. 66 73.08 30. 41
3 77.78 135. 85 57.51
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Fig. 7 Finite element model
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Tab. 2 Comparison of the formula results with the finite element results

B m A Kr/kN - mm ' Kpea /kN - mm ' K¢ /Keea Vi /kN Viea /BN Vi /V s
300 1122.96 1103.11 1.02 7928.52 8 079. 26 0.98
400 863. 25 899. 70 0.96 5 843.19 6 004. 86 0.97
! 500 707. 27 725.82 0.97 4 636. 34 4 758. 49 0.97
600 603.19 629. 24 0.96 3 846. 31 3 938.62 0.98
300 1 206. 45 1238.01 0.97 8 231. 36 8 345. 83 0.99
400 946. 70 961.79 0.98 5 970. 95 6 156. 06 0.97
o - 500 790. 45 798. 65 0. 99 4 701.75 4 864. 90 0. 97
600 685. 96 715. 84 0. 96 3 884.17 4 016. 60 0.97
300 1 289.49 1 314. 80 0.98 8 680. 79 8 797.71 0.99
400 1 029. 46 1 094. 95 0. 94 6 160. 55 6 278.41 0.98
3 500 872.71 880. 72 0. 99 4 798. 83 4 936. 35 0.97
600 767.63 747.10 1. 03 3 940. 35 4 069. 40 0.97
300 1 653. 88 1 646. 25 1. 00 10 655. 15 10 432. 50 1. 02
400 1 288.09 1 339. 36 0.96 7 826.27 7 913.20 0.99
’ 500 1 068. 41 1 130. 98 0. 94 6 199. 88 6 334. 85 0.98
600 921.78 940. 89 0.98 5 138.89 5 268. 58 0.98
300 1747.42 1873.72 0.93 10 975. 14 10 893. 90 1. 01
400 1 381. 87 1 431.63 0.97 7 961. 26 8 155.53 0.98
Z0 ’ 500 1162. 14 1156.78 1. 00 6 269.00 6 453. 06 0.97
600 1 015.33 964. 58 1. 05 5 178. 89 5 343.10 0.97
300 1 840. 63 1927.51 0.95 11 405. 04 11 724. 30 0.97
400 1475.20 1462. 49 1.01 8 142.62 8 296. 19 0.98
! 500 1 255.31 1 190. 87 1. 05 6 361. 86 6 541. 30 0.97
600 1 108. 23 997. 44 1. 11 5 232.63 5408.72 0.97
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Tab. 3 Model sizes of various stiffeners
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TR=) Ha RAF/mm
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2 5 400 3 600 9 180X 6
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4 5 400 3 600 9 [1200X8
5 5400 3600 9 [180X6
6 5400 3600 9 3 []160X6
7 5 400 3 600 9 [1200X8
8 7200 3600 9 [180X6
9 7200 3600 9 3 [J160X6
10 7200 3600 9 [J200X 8
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Fig. 8 Load-displacement curves of thin SPSW with various stiffeners
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Tab. 4 Reduction of the initial stiffness of SPSW-VS with various stiffeners (K; /K, )

BOUGS om HIZMy /oo =
0 0.1 0.2 0.3 0.4

1 0 — 1. 000 0. 880 0. 737 0. 459 0. 444

2 2 [180X6 1. 000 0.910 0. 831 0.671 0. 624

3 2 []160X6 1. 000 0.935 0.863 0. 746 0.577

4 2 [J200X 8 1. 000 0. 944 0. 886 0.774 0. 587

5 3 [180X6 1. 000 0. 945 0. 905 0. 785 0. 688

6 3 [J160X6 1. 000 0. 980 0.943 0. 854 0. 648

7 3 [1200X 8 1. 000 0.992 0. 965 0. 870 0. 650

8 3 [180X6 1. 000 0.915 0. 832 0. 734 0. 696

9 3 []160X6 1. 000 0. 955 0. 875 0.767 0. 609

10 3 []J200X 8 1. 000 0.961 0. 897 0.782 0. 622

F5 AEMBAEE NS HERBIHERU AR DOFTR (V. Vi)
Tab. 5 Reduction of the Lateral bearing capacity of SPSW-VS with various stiffeners (V. /V.o)
N
(U EitE TRy m Iz /mm
0 0.1 0.2 0.3 0.4

1 0 — . 000 0.993 0.982 0.968 0.919
2 2 [180X6 . 000 0. 990 0.977 0.953 0.902
3 2 [1160X6 . 000 0.988 0.975 0. 960 0.927
4 2 [1200X 8 . 000 0.988 0.971 0. 951 0. 926
5 3 [180X6 . 000 0. 980 0. 967 0. 959 0.912
6 3 []160X6 . 000 0. 989 0.971 0. 956 0. 939
7 3 [1200X8 . 000 0.988 0.972 0. 955 0. 940
8 3 [180X6 . 000 0. 987 0. 951 0.922 0.910
9 3 [1160X6 . 000 0.992 0.978 0.962 0.932
10 3 [1200X 8 . 000 0.993 0.978 0.961 0.931
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