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SEISMIC BEHAVIOR OF Z-SHAPED JOINT CONNECTING H-BEAM AND
L-SHAPED CONCRETE-FILLED STEEL TUBULAR COLUMN

WU Tong-yu , LIU Xue-chun , CHEN Xue-sen

(Beijing Engineering Research Centre of High-rise and Large-span Prestressed Steel Structures, Beijing University of Technology, Beijing 100124, China)

Abstract: The seismic behavior of Z-shaped joints connecting H-section beam and L-shaped concrete-filled steel
tubular column for prefabricated steel structures were studied. The ABAQUS finite element model was
established and validated based on the joint test results. The load-displacement curves, skeleton curves, failure
mode and performance indicators of the joint were obtained by finite element analysis. According to the finite
element results, adding web splice plates, increasing the beam section height or decreasing the distances between
the outmost bolts and the splicing zone center can increase the yield load and peak load of the joints. Increasing
the bolt number on the flange can improve the slip load of the joint, but may reduce the ductility performance.
Increasing the overhang distance of cantilever beam can improve the slip load, yield load and peak load, and
reduce the required bolt number for the flange connection. Based on the finite element results, the reliability of the
calculation formulas for the joint flexural capacity and ultimate flexural capacity is verified.

Key words: Z-shaped joint; L-shaped column; beam-column connection; cantilever-beam; seismic performance
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Table 1 Number and parameters of the joints
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e B2 /mm P B /mm
NSI1 N 6 R 194 200 45
NS2 — 6 J 194 200 45
NS3 — 8 N 194 260 45
NS4 — 10 \ 194 320 45
NS5 V 8 N 194 260 45
NS6 10 N 194 320 45
NS7 V 6 — 194 200 45
NS8 V 6 N 244 200 45
NS9 J 6 J 294 200 45
NS10  — 6 N 194 400 45
Nsi1 W 6 \ 194 400 45
Ns12 W 8 J 194 400 45
NS13 10 \ 194 400 45
NS14 W 6 J 194 250 95
NS15 W 6 N 194 300 145
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Fig. 3 Finite element model
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Fig. 6 Comparison between test and finite element
failure modes of NS1~NS3 joints
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Table 2 Primary performance indicators of the joints

WS i WBAERPAN WBABAmm  JERATEP/AN  JEIRA A mm AT EP/AN R A mm FEVE R K BRREE S6,/(%rad)

1E[] 34.40 13.92 68.98
NSl )

gl 35.01 13.87 71.47

1E [ 35.49 14.10 41.14
NS2

i [n] 36.24 14.10 60.37

1E 1] 48.61 18.15 5237
NS3

B ] 49.56 19.18 58.03

Em 49.16 18.32 61.58
NS4 )

gl 49.44 18.20 67.36

1E [ 51.22 19.14 63.92
NS5

i [n] 52.46 19.23 67.19

E ) 65.20 28.94 69.06
NS6

B ] 64.73 26.70 69.14

1E[ 37.97 17.69 58.24
NS7 )

gl 38.36 17.56 57.90

1E [ 48.07 14.10 74.24
NS8

i [n] 48.94 14.08 87.74

1E1] 57.37 13.56 98.24
NS9

i 58.90 13.37 107.09

1E[ 37.88 14.10 49.49
NS10 )

gl 38.07 14.10 68.65

1E [ 44.67 18.01 77.95
NS11

i [n] 4538 17.92 79.63

1E1] 52.53 19.18 72.14
NS12

i 52.09 19.18 74.33

1E[ 68.56 28.42 71.20
NS13 )

gl 68.18 28.62 72.65

1E [ 37.54 14.10 54.70
NS14

i [n] 37.16 14.10 68.59

E ) 38.16 14.10 58.03
NSI15

il 37.78 14.10 67.84

69.44 83.04 155.71 11.19 7.99
73.38 86.65 155.70 11.23 7.98
40.03 62.57 125.89 8.93 6.46
60.22 78.50 155.74 11.04 7.99
29.18 64.54 120.44 6.64 6.18
44.07 81.83 147.11 7.67 7.54
29.52 68.64 109.45 5.98 5.61
42.76 84.89 143.39 7.88 7.35
46.10 85.09 154.73 8.08 7.93
57.47 95.28 155.38 8.08 7.97
42.94 90.90 155.85 5.39 7.99
52.79 100.21 152.34 5.71 7.81
63.35 80.47 155.92 8.82 8.00
66.08 82.81 154.62 8.80 7.93
45.51 98.93 155.45 11.03 7.97
57.79 114.17 155.83 11.07 7.99
38.89 116.79 126.22 931 6.47
50.60 136.98 154.51 11.55 7.92
40.54 69.78 109.03 7.73 5.59
57.12 84.71 145.50 10.32 7.46
64.02 94.04 153.74 8.54 7.88
72.24 101.30 150.39 8.39 7.71
51.64 95.58 151.99 7.93 7.79
60.18 104.10 155.16 8.09 7.96
42.01 92.60 155.16 5.46 7.96
51.39 101.79 154.07 5.38 7.90
45.71 71.21 132.53 9.40 6.80
63.75 86.61 152.14 10.79 7.80
4747 74.38 110.88 7.86 5.69
58.03 84.58 155.97 11.06 8.00
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R A R A B My WL Mg, B M,
M ME . BHERBIITEAX O (2R
A W A T R i AN 5 M B R AR HED) (T/CSCS
012—2021)31 Re4ly, FEF 1T 2N My 5 HUE
BULE R My pp RTHGT4 3, Myp/My pe 75 0.76~1.00,
SEYME Y 0.89, R WX VL 153 2 T 22 A v

FEMRRR R PR BTRIOREE s £, AR PR Be b e . 4y
PR R AR T M, B My, Mg, FID My 18 55 /M
FAZTTAF BN M, 5 B 25 R M, pp X HET
%3, MJM, g 1F 0.55~0.84, 314K 0.64, %
BZ T VT B T A AR, THT L
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Table 3 Comparison of flexural capacity between simulated values and formula values
R AR IR TR ARE e PR 5225 7K ) B2 7R3 g
Wi Mae/(KN'm) My/(KNm) Me/Myre e, pp/(kN-m) A 3REM,/(kN-m) M/ M

IE [ A 7] Msy, My, My IER fR 1E 17 A [ My My Mg M, IER A
NS1 67.1 68.3 64.8 88.3 648 097 0095 161.9 169.0 1409 196.1 99.1 99.1 0.61 0.59
NS2 69.2 70.7 64.8 88.3 64.8 0.94 092 122.0 153.1 1409 196.1 991 99.1 0.81 0.65
NS3 94.8 96.6 90.0 92.0 90.0 095 093 125.9 159.6 1959 272.6 1034 1034 0.82 0.65
NS4 95.9 96.4 117.6 96.1 96.1 1.00 1.00 133.8 165.5 255.8 3559 108.0 108.0 0.81 0.65
NS5 99.9 102.3 90.0 92.0 90.0 0.90 0.88 165.9 185.8 1959 272.6 103.4 1034 0.62 0.56
NS6 127.1 126.2 117.6 96.1 96.1 0.76  0.76 177.3 195.4 255.8 3559 108.0 108.0 0.61 0.55
NS7 74.0 74.8 64.8 88.3 648 0.87 0.87 156.9 161.5 1409 196.1 99.1 99.1 0.63 0.61
NS8 93.7 95.4 81.5 111.0 81.5 0.87 0.85 192.9 222.6 177.2 246.6 1247 1247 0.65 0.56
NS9 111.9 114.8 98.2  133.8 982  0.88 0.85 227.7 267.1 2135 297.1 1502 1502 0.66 0.56
NS10 80.4 83.0 75.0 102.2 75.0 093 0.90 136.1 165.2 163.1 227.0 1148 1148 084 0.69
NSI1 87.1 88.5 75.0 102.2 75.0 0.86 0.85 183.4 197.5 163.1 227.0 1148 1148 0.63 0.58
NS12 102.4 101.6 100.0 1022 100.0 098 0.98 186.4 203.0 217.5 302.7 1148 1148 0.62 0.57
NS13 133.7 132.9 125.0 1022 1022 0.76 0.77 180.6 198.5 2719 3784 1148 1148 0.64 0.58
NS14 73.2 72.5 64.8 88.3 64.8 0.88 0.89 138.9 168.9 1409 196.1 991 99.1 0.71 0.59
NS15 74.4 73.7 64.8 88.3 648  0.87 0.88 145.0 164.9 1409 196.1 99.1 99.1 0.68 0.60

S {E - - - - - 0.89 - - - - - - 0.64

byt — — — — — 0.07 — — — — — — 0.07
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