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Study on fragility functions of H-shaped steel columns
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Abstract: H-shaped steel columns are critical components in steel frame structures, necessitating performance-
based seismic assessment. Fragility functions-cumulative distribution functions reflecting the probability of
engineering demand parameters (EDP) exceeding damage thresholds-are pivotal but lack codified frameworks
compliant with Chinese standards. This study integrates 94 global low-cycle reversed loading test datasets for H-
shaped steel columns, adopting drift ratio as the EDP. Three damage states are classified based on structural
degradation patterns, with tailored repair strategies, and extracted the displacement angle limits corresponding
to different damage levels. Fragility functions conforming to lognormal distribution are established using the
FEMA P-58 methodology. The effects of axial compression ratio and cross-section classification are analyzed.
Key findings: Elevated damage states significantly increase fragility function medians, the Fragility curve

exhibits a rightward shift trend; Higher axial compression ratios accelerate plastic hinge formation and strength
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degradation, reducing medians; Reduced cross-section width-to-thickness ratios delay local buckling, enhancing

medians; The higher the seismic grade due to stricter width to thickness ratio limits, the greater the

displacement angle corresponding to the failure of H-shaped steel columns, As the damage state increases, the

influence of axial compression ratio on the difference in vulnerability curve gradually increases, while the

influence of section grade on the difference in vulnerability curve gradually decreases, cross-section classification

outweighs axial compression ratio in influencing fragility curves.

Keywords: H-Shaped steel columns; fragility function; damage state; repair method ; seismic resilience
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Fig.1 Schematic diagram of typical test loading setup for

H-shaped steel columns
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Table 1 Test specimen information of H-shaped steel columns

LVE IR S LGS HEGEI A ME AR B TR L A, B Ly T T 4
W el 1 9.6 27 0.3 S1
3 - ) 4 4.67~6.67 25~50 0.0.3 S1.S82
7l T 410 5 6.20~7.97 15.77~20. 71 0.2.0.3.0.5 S1
Xu &g 1 7.79 20.71 0.3 S1
Suzuki &1 3 5.62~6. 85 24.58~39. 40 0.3 S1.82
Cravero 41 3 5.16~7.45 24.58~33.71 0.3.0.5 S1.S2
Elkady %14 4 4.13~5.54 31.77~48.13 0.2.0.5 S1.82
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R e ) 1 10.08 37 0 S2
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Fig.2 Normalized Boundary Conditions of H-Shaped

Steel Columns



4 E R B R LR FROP E )

% XX A

FETRAL RS LA S A B8 A 45 . AR d8 A% 5 M R A B %
YIAH G, 5 A8 B W4 R T R L 38 1 & ) 30 T
LN IR DI R CIE7 R Ve S (BN S )E 4
Tt 79 R BB JBE 5 K 5 A O, A% Bt PSR FE DR Tk g
B 5 T AR E AH 5 R A B IR AR 2 OGP A
55 s AHBLN &, 0 7% f B3 76 B P 58 3 3 Hh AN AL
Gy T AR, 0 55 il s IR R e th A5 5 AL
KEH R . R, BB AR VE S H B AR A ) 6 1
PRI EDP
2.2 HMGRENHEELEBER X

H AR A A 7 b VR T 108 U ok e 2 By
By Be L OH R B B R R R L 2 R R B0 B Y T A
o IR TR 105 B Y A0 A 2 S 3 Y
M) 4 A 1) 0 7R PR BB KO A8 B R ) B 2 B AR A O
SEFE bR . PG, BUAT O B TR X H AL AR R Y d
PR AT T RGN 4, 52 bR TR 4R T 3
WK 54 S

8 R FUPTRR B M VT M A o )R St C v AR A
RS F 280, 8 HOBR AR 8 45 405 IR 25 3 43 Sk 2
BRI IR R FE IR | v B IR DA R ™ AR 5 A4
9 s FEMA P-58"H AR SO I & 45t H A 4K A (1 45
P RS R 53 bR U E R 53 2% B AR A H A A 1 1 g
K FE R 43 oA T A Jea 8 e v R A 45
P00 LA B asd BE A 05 5 A5 00 RS 5 WO B s EC8-37
W AR B AR A5 4 A1 s 8 9 A £ ) 43 Ay A BR
il AR A5 AN S 3 A RS . R X
AR RAE A 5> R AEE S EDP #8 AR e % A7 1E
—E 25 E AR BT DA S B 0 A ] B Y ¥
HE AR

BT A B 43 B AL, O 45 5 06 B e 2/
T H YRR 48405 0 0 245 S 3 a0 3k 6 A
() 22 52 40 BT, A0 0 Jeth il A 8 o) 4 4 IR S R AT 4 9
A T 3N i AR RS DS (AR SE 4 ) 4R
A KN P 3R 2 i 2 v AR A I Y 2 L B
DS, (HF BB IR ) ARAS X 17 3 242 il 46 vp e IR s A
5 8 B Z 8119 AR 2ot s Ak B L &K DS, (™ 3 1
WOARAS XTI & 3 B R il 4 B S B 2R A5 C
M REB . B4R T AS [R5 405 45 9 T H AR A
14 B 70 B SRRRAIE

FASEIF(DS,) WAL Ak T 3 B B, JLT R
RAF WASTE o EZBOPIRASTS W E X 894 3= m
HEATAB S, A 435 X8 56 % 1) 40 T BT IR R

W BERBE IR (DS,) « 80 A A RS X 3ok 33 2% % 2 JR
Jei B, B AR A — o R B AR TR R R 0
M. EIZBGARET BE TIEFERE X EE
e 1A TR 1 DX 3 S it B O T2

61 02 03
B3 HESRHERGE RS

Fig.3 Damage level classification of H-shaped steel columns®
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Fig.4 Failure characteristics of each damage state in H-

shaped steel columns"”
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Table 2 Parameters of fragility functions for h-shaped

steel columns
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Table 3 Lilliefors test results for H-shaped steel columns
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Fig.6 Fragility curves of H-shaped steel columns
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Table 4 Limit values of width to thickness ratio for H-

shaped components with different seismic resistance levels
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Table 5 Parameters of fragility functions for H-shaped steel columns under different axial compression ratios
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Fig.7 Fragility curves of H-shaped steel columns under

different axial compression ratios
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Table 6 Parameters of Fragility Functions for H-Shaped

Steel Columns with Different Cross-Section Classifications
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Fig.8 Fragility Curves of H-Shaped Steel Columns with

Different Cross-Section Classifications
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Table7 Parameters of H-Shaped Steel Columns with

Different Seismic Fortification Category
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Fig. 9 Fragility curves of H-shaped steel columns with different seismic fortification category
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