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Effects of forward directivity and fling step of near-fault ground
motions on seismic responses of high-rise steel structure

JIANG Yi, YANG Dixiong, LI Gang
(State Key Laboratory for Structural Analysis of Industrial Equipment, Dalian University of Technology, Dalian 116023, China)

Abstract; This paper examined the influence of two types of near-fault ground motions with different velocity pulses
due to forward directivity and fling-step effects on the seismic responses of high-rise steel frame structure. Near-fault
ground motions with forward directivity and fling-step effects and without velocity pulse were selected as seismic
inputs. The SAP2000 software was applied to model a 20-story plane frame structure, and the nonlinear time history
analyses of structure were implemented. Numerical results illustrate that the ground motions with fling step and forward
directivity pulses primarily excite the fundamental modal response, while the ground motions without pulse mainly
excite the response of higher modes. Furthermore, the structural damage potential of impulsive near-fault ground
motions is significantly greater than that of non-pulse ground motions. Finally, the energy dissipation ratio of SDOF
(single degree of freedom) system was introduced, and the computational results of dynamic responses and damage
state of steel structure were explained rationally from the perspective of energy dissipation and higher modal effect.
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Table 1 Property parameters of three groups of near-fault ground motions
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ii’jf ELY i WiZEH/km G PGA /Cfvs B PGD /em PGV/PGA /s tq /s
TCUO51 EW 6.95 D 0.160g 51.53 124.52 0.27 24. 18
Eﬂ,_ TCU054 EW 4. 64 D 0. 146g 45.69 121. 47 0.32 23.98
HU TCUO082 EW 4.47 D 0.226g 51. 54 152.35 0.23 23.28
7 TCU102 EW 1. 19 D 0.304g 87.16 163. 13 0.29 14.93
‘Fﬂ TCUI120 EW 9.87 C 0.228g 62. 58 107. 63 0.28 32.35
[‘i JENO022 5.43 D 0.424¢ 106. 22 43. 06 0. 26 12.42
j‘% RRS228 6.50 D 0.838g 166. 05 28.78 0.20 7.03
L\‘L SCE288 5.19 D 0.493¢ 74. 58 28. 69 0.15 7.53
?IJ( SCS052 5.35 D 0.612g 117. 45 53.47 0.20 15.10
i SYL360 5.30 D 0.843¢ 129.71 32.68 0.16 5.32
TCUO52 NS 1.84 D 0.448g 220. 64 723.27 (676.90) 0.50 15.92
TCU052 EW 1. 84 D 0.356g 182. 96 506.73 ( —443.10) 0.52 16.78
g TCU065 EW 2.49 D 0.789g 132.29 194.31 (134.20) 0.17 28.78
u TCU067 EW 1. 11 D 0.499¢ 97. 26 186.16 (102.95) 0.20 21.71
b4 TCU068 NS 3.01 D 0.365g 291. 94 867.76 (619.30) 0.82 13.21
N TCU068 EW 3.01 D 0.505g 279. 88 709. 11 ( -567.30) 0.57 12. 36
Jik TCU075 EW 3.38 D 0.332g 116. 05 171.07 (120.00) 0. 36 26.92
wh TCUO76 EW 3.17 D 0.343¢ 69. 29 108.55 (87.56) 0.21 29. 68
TCUO87 NS 3.42 C 0.113¢g 45.20 93.09 ( -81.23) 0.41 24.10
TCU128 EW 9.08 C 0.144g 60. 58 145.39 (118.80) 0.43 19.20
TCUO71 EW 4. 88 D 0.528¢ 69. 83 170. 60 0. 08 24.56
TCU072 EW 7.87 D 0.476g 85. 51 223. 86 0.18 21.92
TCU078 EW 8.27 D 0.442g 42. 14 98. 88 0.10 25.95
; TCU079 EW 10. 95 D 0.589g 64. 49 173.20 0.11 24.24
i TCU089 EW 8.33 C 0.354g 45.43 194. 62 0.13 24. 11
X‘ KATO090 13.42 D 0. 640¢g 37.84 5.09 0. 06 6.57
?IJ( PKC360 7.26 D 0.433g 51.49 7.21 0.12 9.82
i SPV360 8.44 D 0.939g 76. 60 14.95 0.08 8.20
STC180 12.09 D 0.477¢g 61.48 22.06 0.13 10. 61
TAR360 15. 60 D 0.990g 77.62 30. 45 0.08 12. 66
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Fig.1  Velocity and displacement time histories of near-fault Fig.2  Velocity and displacement time histories of near-fault
ground motion RRS228 with forward directivity pulse ground motion TCUO52 NS with fling-step pulse
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of building under near-fault ground motions
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Table 3 Dynamic responses of structure under representative ground motions
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Fig.7 Velocity response spectra, input energy spectra and energy dissipation ratio spectra of representative ground motions
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