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Abstract: Because of their light weight,high strength,and good seismic performance, steel struc-
tures are widely used in construction. At present, the research on the seismic performance and
safety assessment of steel structures receives widespread attention at home and abroad; most of
this research focuses on assessing the seismic performance of steel structures based on the per-
formance design method, with little research on earthquake damage. Under such circumstances,
the author firstly analyzed the main design parameters,such as web height,web thickness, flange
width,and flange thickness, which affect the component damage evolution rule, and the author
found that the most sensitive design parameters are web height and flange width, which provided
a theoretical basis for the establishment of the storey damage model. Then,according to the analy-
sis results,we obtained the damage value relationship between the frame beam,frame column,and
storey damage evolution and analyzed the effect of sensitive factors on storey damage evolution,
such as the stiffness ratio of column to beam, the height-width ratio of the structure, the axial-
compression ratio of the frame column,and the steel corrosion rate.Finally,in order to study the
influence of storey damage location and degree to the seismic damage of the steel frame structure,
the author revealed the influence of storey damage on structural damage by analyzing the effect of
single-storey steel frame structure damage on structural dynamic characteristics under El Centro
seismic wave excitation.Inputting multiple seismic waves,the author got the relation between the
damage value of structural integrity and the velocity-to-acceleration ratio of the seismic wave peak
and ultimately established the damage evolution model of steel frame structures. The multi-level

damage evolution model of “component-storey-structure” can provide the theoretical foundation
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and basic data support for establishing the storey damage model of steel frame structures under

seismic excitation.

Key words:steel frame structure; design parameter; damage sensitivity; damage model; damage

characterization
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Fig.1 Structure plan
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Table 1 The effects of design parameters on steel frame beam

damage
U4 R i 25 W

BB N %ifi{“ ffjlﬂﬁ B i
Bo - H550X300X25X30 3.014 4 0

B H500X300X25X30 2.416 2 0.198
B, & H450X300X25X30 1.892 6 0.372
B; r%_};“: H350X300X25X30 1.056 7 0.649
B, H 300X 300X 25X30 0.737 9 0.755
Bs H550X250X25X30 2.596 0 0.139
Bs Eéﬁz H550X200X25X30 2.177 8 0.278
B; vi B H550X150X25X30 1.759 6 0.416
Bg H550X 120X 25X 30 1.508 7 0.499
By H550X300X22X30 2.953 7 0.020
Bio 8 i H550X300X20X30 2.913 3 0.034

Bu 58;°3 H550X300X18X30 2.872 9 0.047

Biz H550X300X15X30 2.812 3 0.067
Bis H550X300X25X28 2.877 2 0.045
B B4 H550X300X25X25 2.667 3 0.115
Bis JE H550X300X25X22 2.452 3 0.186
Bis H550X300X25X20 2.306 1 0.235
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Fig.2 Damage curve of the steel frame beam
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Table 2 The effects of design parameters on steel frame
column damage
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Co - H550X450X30X35 16.0 6.0 10.155 0.00
Cy H500X450X30X35 14.3 6.0 8.173  0.195

C. JE M H450X450X30X35 12.7 6.0 6.814  0.329
C; B HA400X450X30X35 11.0 6.0 5.778  0.431
Cy H350X450X30X35 9.3 6.0 5.169  0.491

Cs H550X400X30X35 16.0 5.3 9.091  0.104
Cs %% H550X350X30X35 16.0 4.6 7.753  0.237
Cr e H550X300X30X35 16.0 3.9 7.116  0.299

Cs H550X 250X 30X 35 16.0 3.1 6.292  0.380
Cy H550X 450X 28X 35 17.1 6.0 9.977 0.018
Cio  JEM H550X450X25X35 19.2 6.1 9.058 0.108
Cn JBJE H550X450X22X35 21.8 6.1 8.663 0.147
Ciz H 550X 450X 20X35 24.0 6.1 8.435  0.169
Cis H550X 450X 30X 30 16.3 7.0 10.031 0.012

Ciy 3% HS550X450X30X28 16.5 7.5 9.965  0.019
Cis  JBJE H550X450X30X25 16.7 8.4 9.849  0.030
Cis H550X450X30X20 17.0 10.5 9.717  0.043

E (D Co RIEIE AR 5 (2) R P IEA AN mm,

Kl 3 R ANHE AT o AN T S R S i 2 (R
MG, b AT, 240 005 I 3R R Y L
f ¢,/t=1.75 By JHERAL 45 D, =0.043, & )E
JI B T B A G FR M R AR B A MO AR AR R
S vy B N A JEE FBE ) TG £ 4 O AR R S A B,
e B 0 I IR B L (A Y 3 K HE SR 1
7Sl B PR BIVARAE ST 450 0 %) 1 i s 2 e o R, B
GRERZ RGRERARUR, e %8 S
) ey 5 53493 A0 56 T R B R A Y I AR o R N 3L
G



$3T % 2

1L 25 N E 5 g £ Bl 7 450 005 B 5T 293

0. 6

L 0.5

a

504

_].5

& 03 —— i I

ﬁo.z & 55T
o - I T
' —& R
0. ]

Lo 1.3 1.5 1.8 2.0
TENB S5

B3 MIERHEUMRG X EZBLE

Fig.3 Damage curve of steel frame column
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Table 3 Design parameters of steel frame member
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Table 4 The influence of damage of different degree on storey

damage
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Fig.5 The relationship between sensitive factors and storey damage
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Table 8 The impact of corrosion ratio on storey damage

storey damage
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Table 9 Storey design parameters
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Table 10 The influence of storey damage of different degree

on overall structure damage
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Table 11 List of seismic wave characteristics

it A
AR, BB WK e _ARAAE

n n D 1 Parkfield Cholame, Shandon 12.32 280  0.044

Dy = Zw,»DH_, = Z . T X Dy, = 2 Parkfield  Cholame,Shandon  11.28 240  0.047

= D 3 Northridge Santa Monica 25.53 370  0.069

i=1 4 Loma prieta Capitola-Fire ST 36.66 380 0.096

Z”) — OO7511’1(H,/H) + 0.108 8 5 Loma prieta Gilroy 29.88 360 0.083

= & 6  San Fernando EI Centro 33.25 350 0.095

2 (—0.075In(H,;/H) +0.108 8) 7 Kern Country  Taft Lincoln SCH  18.18 180 0.101

o . 8 Northridge Moorpark 20.52 190  0.108

[(—0.13D%; +0.29D.; —0.27) X In(H;/H) + 9 Northridge Lace North 25.30 220 0.115

(017D31 — 028D\, +0.32) ] (24) 10 Landers JoshuaTree-Fire ST  42.84 280  0.153

4.3 flﬂ%?,&ﬁ']iﬂﬁﬁ#ﬁﬂﬂ%?ﬁ{’ﬁ F %2 ﬂ]‘ﬂ] 11 Imperial Valley EI Centro 36.54 210 0.174

e S A i

Xof HE ZR 235 R 458 105 B8 IR 1) 52 Wil 7 Xof B9 HE 28 25 4 AT 14 Landers Yermo Fire ST 50.88 240  0.212

gﬁzﬁélrﬁzi‘m%ﬁmﬁﬁﬁj‘ s méﬁ*@ﬁ%”%ﬁ/\ 16 %i&f%’ 15 Imperial Valley EI Centro 116.16 400  0.290

16 San Fernando Vanowen Street 33.48 120 0.279

B BASHOLR 11, B 16 A5 U= B /R T 45
R H B 7 W L 5 R AR A ) St R A0 (L AR AR
b 75 07 e 1 R L5 A 0 A RE LG X A B 25 Ay 45 A
BRG], SRy T WO e AF 9 7 0 06 3 R 5 06
(BN T 2 22 L Xk 445 ) 3l 752 453 403 540 52 vy R L o 5
PEAT LG B AN B 7 R

0.22

0.18

0. 14

) 45405 (D,

o

" 0. 06

0.02

0 0.06 0.12 0.18 0.24 0.3
-3 (=RENi-R=p It - A 4
U AAL B EMMEMBIAZ R X RER

The relationship between value ¥ and seismic

B 7
Fig. 7

damage value of overall structure

Dy=f,(¥)X f,(H,/H,D,,)  (26)
AP (W) g R TR e X B A 4 5 A5 1 2 T
PR, PR BRI s (27D f. (H/H D)
MBI RAWALE H,/H RFJE D, 5% k854
U Z A1 6 AR R WK (2

f1 () =ae™ @27
Aa b AT E RE g R a7 3
1 () =0.96e"%Y (28)

5 #ig

VL4 5 5 J2 BHE AR A5 4 O BF 5 X 4 L 3 T BiiE
THIA S BB AL, BIF T8 1 4G 15 453 03 0 1 )2 4 40 114 2
Wi LA K RS J2 451 40 %) B AR S5 A 45 003 9 R i, A HH LR
4518

(1) 3l 3 3 3 2 B 46475 380028 2 o . ml i AR
B R AR e R R L % G o AR 48 A 5 i e R Ay S
A PF I 0 4 458 403 » T IE o 25 18 ) o A A oy 3 R 3



$3T % 2

AL B 25 < 9 R S 45 A 11 R 458 40 0T 5

297

GO .

(2) F&T R 1F 452 10, %) 18 2 1) 4050405 B0k ok A7
P, AR B AR S A AR TR A A I HE SR
A A A58 403 X 108 T2 440 1) S e B A I 25 5 RS 1
PO AR EL L B2 R [R] I A A 40 103 5 R 2 4 46 40 B o 7™
H,

(3) 7 3T At 7 9 45 R M 7 4647 T AR R 7 2% &
T ERBCTT S RO A R PR A R Y
P T Shy 5 HE 2 254 1 ) 35 A e AR R SO

2 % 3k (References)

[1] BRI A 4 B8, 2% SR 7T 107 2% R LG B LA 1 409 45 g 40 5 8%
BT AR Eh 5 s, 2011,30(7) . 218-222.
XU Long-He, YANG Dong-ling, LI Zhong-xian.Strain and En-
ergy Ratio-based Damage Model of a Steel Structure[]].Joura-
nal of Vibration and Shock,2011,30(7) :218-222.(in Chinese)

[2] i, W, k5 4, 558 5 B8 b oY 0 25 7 b 7= o) 0k 43
[J].307% T 72440, 2014, 36 (1) : 1-6.
ZHENG Shan-suo, TIAN Jin, HAN Yan-zhao, et al. Steel
Structure Seismic Vulnerability Analysis Considering Steel
Corrosion[ ]J].China Earthquake Engineering Journal, 2014, 36
(1) :1-6.(in Chinese)

[3] #W TV, 2SO AR, v 5 T 28 M A8 T2 10 19 285 4 3t 72 52 4 AL
(I B PR SR 2240, 2011, 27(5) :886-890.
YANG Qing-ping, YUAN Xu-Dong, SUN Li. The Steel Struc-
ture Seismic Damage Quantitative Research Based on Plastic
Deformation[ ] ].Journal of Shenyang Jianzhu University: Natu-
ral Science),2011,27(5) :886-890.(in Chinese)

[4] Federal Emergency Management Agency. FEMA273. Guide-

(5]

(6]

(7]

(8]

9]

(10]

lines for Seismic Rehabilitation of Buildings[ S]. Washington,
DC:1997.
I, BN, 2R SRR T BAE SR S5 4 5 B4 43 B R AR Ak
I TR 34 ,2013,30(1) 1 175-179.
XU Long-he,SHAN Xu, LI Zhong-xian. Vulnerability Analysis
and Optimization Design for Steel Frame Structure Under
Strong Earthquakes[ ] ]. Engineering Mechanics, 2013, 30(1)
175-179.(in Chinese)
P 5 M. b RZ 383 T SRC HE Z2-RC %00 15 1R 4 &5 44 451 40 45 7
WFFE[D].7G % - V6 % d S RHE K2, 2011
TAO Qing-lin.Research on the Damage Model of SRC Frame-
RC Core Wall Hybrid Structure under Seismic Excitation[ D].
Xi” an University of Architecture and Technology, 2011. Cin
Chinese)
RRHE R, kv, FOGIE . 22 2 AR LR BT R 9 25 4 1 R 2l g 7T
SEAM TSR] AR TR 5 T &R 3. 1990, 10(4) 1 27-37.
OU Jin-ping, NIU Di-tao, WANG Guang-yuan.Fuzzy Dynami-
cal Reliability Analysis and Design of Multi-storey Nonlinear
Aseismic Steel Structures[J].Journal of Earthquake Engineer-
ing and Engineering Vibration, 1990, 10 (4) . 27-37. (in Chi-
nese)
Young-Ji Park., Alfredo H-S Ang,Yi Kwen Wen.Seismic Dam-
age Analysis of Reinforced Concrete Buildings[]]. Journal of
Structural Engineering, ASCE,1985,111(4) :740-757.
David V Rosowsky, Bruce R.Performance-Based Engineering of
Wood Frame Housing: Fragility Analysis Methodology [ J J.
Journal of Structural Engineering,2002,128(1) :32-38.
Sivia L. Dimova, Anaxagoras Elenas.Seismic Intensity Param-
eters for Fragility Analysis of Structures with Energy Dissi-

pating Devices[ ] ].Structural Safety,2002(24) :1-28.



