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Seismic Vulnerability Analysis of Steel Frame Structures
Under Near—field Earthquake

GAO Heping
(Nuclear Industry Southwest Survey, Design and Research Institute Co., Lid., Chengdu 610000, China)

Abstract: In order to illustrate the impact of the near—field earthquake velocity pulse effect on seismic performance
of the steel frame structure with a long period, the seismic vulnerability of three steel frame structures with
different fortification levels in accordance with the current design code of China is analyzed by the incremental
dynamic analysis (IDA) method, and the seismic vulnerability difference under near—field and far—field
earthquakes is compared. The results show that the velocity pulse effect of the near—field earthquake will amplify
the dynamic response of steel frame structure and increase the uncertainty of the probability demand model ; under
the same earthquake intensity, the velocity pulse effect of the nearfield earthquake will increase the damage
probability of steel frame structure, and the steel frame structure with a long period and low fortification level is
more vulnerable under the near—field earthquake; In view of the significant impact of near—field earthquakes on
the seismic vulnerability of steel frame structures, it is recommended that vulnerability models should be
established separately for near—field and far—field earthquakes when assessing the seismic damage risk of steel
frame structures.
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Fig.1 PKPM model for calculation example of

steel frame structure
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Table 1 Section size of structural components and seismic calculation results of structures

Bogs  BEIAE R HERERST/mm REER/mm NEERZREGERS,, AT/
6 i 1-2)2  300x300x10x15 346x174x6x9

SF-6 (0.05¢) 1/823 1.7987
TB 3-5J% 300x300x10x15 346x174x6X9

(¥er3)
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7 i 1-2)2  350%x350x12x19 350%175x7x11
SF-7 (010¢) 1/436 1.3182
A0 g 3-5J)2  300x300%10x15 350x175%x7x11
8 Jir 1-2)2  400x400x13x21 400x200x8x13
SF-8 (()jg ) 1/291 1.5659
20 g 3-5)2  350x350x12x19 350x175%x7x11
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Fig.2 ABAQUS model of 8—degree fortified steel frame structure
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Table 2 Near—field and far—field input ground motion records

SR 7B NIRRT LY i R
' H A SR PGAlg 4’5 = fRESSITh PGA/g

1 Irpinia, Ttaly—01 Sturno 0.31 1 Northridge Beverly Hill-Mulhol 0.52
2 Loma Prieta Saratoga—Aloha 0.38 2 Northridge Canyon Country—WLC 0.48
3 Erzican, Turkey Erzincan 0.49 3 Duzece, Turky Bolu 0.82
4 Cape Mendocino Petrolia 0.63 4 Hector Mine Hector 0.34
5 Landers Lucerne 0.79 5 Imperial,, Valley Delta 0.35
6 Northridge-01 Rinaldi Receiving Sta 0.87 6 Imperial, Valley El Centro Array #11 0.38
7 Northridge-01 Sylmar-Olive View 0.73 7 Kobe, Japan Nishi—Akashi 0.51
8 Kocaeli, Turkey Tzmit 0.22 8 Kobe, Japan Shin-Osaka 0.24
9 Chi-Chi, Taiwan TCU065 0.82 9 Kocaeli, Turkey Duzce 0.36
10 Chi-Chi, Taiwan TCU102 0.29 10 Kocaeli, Turkey Arcelik 0.22
11 Duzce, Turkey Duzce 0.52 11 Landers Yermo Fire Station 0.24
12 Gazli, USSR Karakyr 0.71 12 Landers Coolwater 0.42
13 Imperial Valley—06 Bonds Corner 0.76 13 Loma Prieta Capitola 0.53
14 Imperial Valley-06 Chihuahua 0.28 14 Loma Prieta Gilroy Array #3 0.56
15 Nahanni, Canada Site 1 1.18 15 Manjil, Iran Abbar 0.51
16 Nahanni, Canada Site 2 0.45 16 Superstition Hills El Centro Imp. Co. 0.36
17 Loma Prieta Corralitos 0.51 17 Superstition Hills Poe Road(temp) 0.45
18 Cape Mendocino Cape Mendocino 1.43 18 Cape Mendocino Rio Dell Overpass 0.55
19 Northridge-01 LA - Sepulveda VA 0.73 19 Chi-Chi, Taiwan CHY101 0.44
20 Kocaeli, Turkey Yarimca 0.31 20 Chi-Chi, Taiwan TCUO045 0.51
21 Chi-Chi, Taiwan TCUO084 1.16 21 San Fernando LA-Hollywood Stor 0.21
22 Denali, Alaska TAPS Pump Sta. #10 0.33 22 Friuli, [taly Tolmezzo 0.35
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Fig.3 Probabilistic seismic demand analysis

R2HUE; B NATHIME R YRR RE T X Bbr i 22,

(f) 8JE iy

B

=

5 M RE 5 AT T 20 B MR AT
45 i 9 R R S R S 0 2R AR, S
AR

nuﬁ¢rméﬁw} (4)
Horfr
m, = exp(lnmkl_ﬁo) (5)
BIZNIM + ﬁrz
i e — 6
B / Ik (6)

KB, Bov Biv Bow WEHIMERMR T RS HL, %

2 SCHR[2], HB.=025; m, Ay HAHE SR 45 F) A ) i 3R
W BRARZS B B KR TRIE A% AT BRAE, IR UL AR 490,
Pait, MRHE(4)~(6), HEMINL, miheE
YRR ASTR] B 7 7K P B HE 20 45 440 1) B 43 4 oy 2
K4, HZHm, B, TR AR IS,

x4 RRREZARE

Table 4 The limit value of maximum story drift

B B R RERE
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Table 5 Seismic vulnerability parameters of steel frame structures under near—filed and far—filed earthquakes

5 (il Y tEE RN (B

i "R gt M g Mg My gy WVEEBR  my g L "R My gy AAHEZ B
SF-6 0.091 0.192 0.406 1.091 0.645 0.120 0.245 0.501 1.292 0.553
Sk-7 0.131 0.275 0.577 1.540 0.628 0.169 0.342 0.690 1.747 0.539
SF-8 0.195 0.413 0.873 2.352 0.613 0.237 0.485 0.994 2.563 0.530
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Fig.4 Comparison of seismic vulnerability of steel frame structures under near—filed and far—filed earthquakes
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