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Experimental study on seismic performance of slender steel frames

CHENG Xin', WANG Yuhang', YUAN Jiawang' , ZHENG Ligang’

(1. College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Shanxi Xiaohe Construction Industry Co., Lid., Taiyuan 030009, China)

Abstract: A slender steel frame system composed of steel members with a high width-to-thickness ratio was adopted
to achieve lightweight steel residential structures. By carefully selecting the section configuration the system
achieves a balance between load-carrying capacity and ductility. To study the seismic performance of the slender
steel frame system, two full-scale frames are constructed. These frames include members with S1, S3 and $4
configurations, varying in their cross-section width-to-thickness ratios. The frames are subjected to cyclic tests to
analyze their failure mechanisms, hysteresis curves, load-carrying capacity, ductility, and energy dissipation
capacity. The test results indicate that both specimens were mainly damaged by local buckling deformation at the
beam end and column bottom region, with the initial concentrated damage occurring at the beam ends, leading to
the specimens reaching their ultimate bearing capacity state. In addition, the sequence and degree of buckling
deformation significantly influence the seismic performance of the frames. The slender steel frame structure, when
combined with components of different width-to-thickness ratios, can achieve lightweight design while maintaining
satisfactory ductility and plastic energy dissipation capacity. Finally, based on the experimental results, finite
element models of the specimens were established using ABAQUS. Parametric analysis was conducted to determine
the failure mechanisms and corresponding internal force variations of the buckling sections under different section
configurations.
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Fig. 1 Loading diagram
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Tab.1 Major parameters of specimens
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Fig.2 Specimen size and structure
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Fig.4 Strain gauges and displacement transducers layout
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Tab.3 Load-bearing capacity and ductility of test specimens

K F/kN F./kN F,/F, A/mm  A/mm m
KJ-1  202.9 320.8 1.58 21.4 52.2 2.4
KJ-I  260.1 380.2 1.46 22.6 73.7 3.3

VL A, 25 B T IR 5 A, 47 4 1R e 80 B R 380
85% I, IF 0 I RS A0 TR MR B = A, /A, 1 F, Wk IE S
WRLEAR 1 (0 FHI (8 P, WXL A B R

3.5 FEREHZ

N T B B AR A SRR RE ML 18] 12 R
N TIRPFRBE A BELJE R B A, TTSEANT

Ause +Acp
e =$X (;A;)BF +AA()DE)) (2)

;EEDP :AABC \ACDA \AA()BF \AA()DE ﬁ%ljil%i_“ Kl 12 EP?FH?Q
ST A X, 40, A, RoR L 12 A BRI C
A BB DB

MIE 12 TLUE K- T AN K- 1 RERE R 3R 8
FATR] o SRl e i A8 R 3 B A A e AL IS, 5
SR AL R RRAETIA R KI- T AURL SR AL B &
Az JRy B Je T AE B | K- I SR Y JRE S A Tv A, A 1 S i
Je T ) S A P T B S i, SRy S e il 2R R ke e G4
Pk, KI- T A9 A G B, KI- TR A B, BEAh,
i) SR 2 TR EE S 22 P AL A M RE SR FE R

1.0 F B

——KIJ-I
% K
0.8 Py O ZJE A
70 T F v

A KR AR T

0 5 10 15 20 25 30
JIIE AR
B12 FHiEHEERY

Fig. 12 Viscous damping coefficients



£ 128 - [ S N S

AN S

%57 %

4 AR ITHAHT

4.1 BRTEBET
Wit ABAQUS k44 2 57 K5 4 4k e A BR e
B 13 s,

RP-1 RP-2

e X
(50 mm)

TRHEMA RP-4

13 ARTSHEE

Fig. 13 Finite element analysis model

R 57 e T SR4 AT (4 715 45 DU JE AT B
R AR LA A D R 73 58 BT ) ¢ BT R BE 7 [ SR
5 DFRAr Y Simpson FRA3, B4R B9 A BB 2 2%
MRS A5 R B8 AN L 0. 3, R IERAE Y
SR NIPEST 5, SR Tie 2490 HE ST ALK 1 22 18] 1)
e | [ I 3 S A A ) ARk i o B RE AR
TS AAN R TV [T 422 1 ks, 445 A A 7 1 4[]
FAEEE ¥ 5 RP4 1 IR BRI LT AT A
JE IR BIRENCIE 45 9 20 A5 1F it 29 R AE e A 3
G V9 R UM GE 3R 2% 1) - T AL 7 Ry 1 7 U AL
G T A SR RIROR

TR, K 3 A IR 73501 5 45 R RP-1
RP-2 1 RP-3 #l45, 4% IR 1 56 o 268 o 88 i o v 288
S PRUEREAY (TSRS B2 DL RO T RR0R e M R R
TR AT O 1) 53, Ak T 51 30 T PN F A% RSy
50 mm , AP A& Y LY B A% RSE SR 25 mm, 55
Hb ARIEA B L PRI O, AT FROTIE S i in AR B
BRI
4.2 BHRTEBEIE

3 3T LA BIR ST TR R 4 i o it 2 AN AR
FRAE , S AT FROTRERY Y IR

P 14 (a) i A0 BRIC R 11 it 23t 1, mT LA
A, WA AL R A AR ], AR BRAR Z I 8h
Feil, TERE IR B BRI R 5 il A — &
9 22 o A3ATTIAA < 1) AU BT SR T %) S0 B 1 i 4 8
RIS SR A —E 1Y 22 57, TS, P i 45 1 22
U 2E 5 TER LB AR h R B Ok 2) 7Rl

BF 5 T AP SR BRIV Sl A B AR A B )
P P 14(b) A BRGS0 LR Y AS T XS
L, ATLAER P W) TR R, 3R 1 BT A
REAE I H] T BHE 2L B 2RO i 2 v

-500
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
{5 /mm {iFS/mm

(a) PR AN PR TR R i 2]y 2%

KJ-TAL 0 22 i

KJ-T75 A KJ-IAE A 3
(b) IRIFNH FR TR TNt
14 RIEAFRITITEE

Fig. 14  Comparison of tests and FE model

4.3 SHESH

HR A b SCHS ) A BR TR X6 AN [R) R 4 5 )
PR P2 TE T 1 v S B HE QR AT 0 2D R R, T
12 AN BRICHE Y 147 B0 ) 28 43 A, e 3R 1Y
I B RE  AOE R DL AR ) S R R
A5 SIS, H R A ) aE R, B
RSN 4 Jios, Ko, C ok, B 2R 3t
P B C1-B1 FRonith C1 8w, 220k Bl

x4 BARTHEBBGERST

Tab.4 Finite element model member dimensions

MR, HEIRRE/ TEJE I 7854
Ft ity mm mm b/t h,/t,
Cl 8 14 6.9 37.8
Cc2 7 12 9.7 51.7
a3 6 10 8.0 43.7
B1 7 11 7.9 39.7
B2 6 10 8.7 46.7
B3 5 9 9.7 56.4
B4 4 8 11.0 71.0

e U TR % i RIS o0 i HH 22 i R Ak B
T2 A S SRR BT A7 o0, AniEl 15 frzs . o3



552 ]

FEIK, 45 WERANAEZR PR TE A1 <129 -

B BRI LE NS BN AT 5 RhBEIR S A 4y i) 2
RN e IR AR IR R AE SRR At I R
R REREIR, Hor, C1-B4 2 SR B R IR | 7 4t S
S A SR Jee B, R AR 2R T AR, il A ik
(7R EE ST REAR s C2-B4 B FHE 2R HEMR , MR &k
MR AR AR 2 ) 1k B AE A R0 s i 7y % Je
I T 73R R AR C2-B3 JE A 22

I ARl 7= A 8 B R0 23 hin sk A 1 Ry 3508 e
R, I s 7&K 2507 1R 4k ; C3-B3 J& 5eH 5 Bh il
I, SRl Jee it e Az Bsf 2 B Sl I 7 38T R Ak s AR
C3-B1 il C3-B2 # BRI AT T2 F B2, 7F
C3-B1 (i FAbMmA: bt s 3R &8 Hh AR T | 45
F N 7 e A= 784k (AR R TE R e AL R, b
TRARIET I TR A AR IR T 1R Ak

- RACRBE - REREE 0 REM

Blez 3 1]

0 20 40 60 80 100 120 0 20 40 60 80 100 120
A/mm A/mm

(a) C1-BIEEREIR (b) C1-B22e k5 4R

0 20 40 60 80 100 12()O 0 20 40 60 80 100 1200
A/mm A/mm
(e) C2-BIAEREIR (f) C2-B2E At 5 B mIR

1 2.
0 20 40 60 80 100 12()0 0 20 40 60 80 100 1200
A/mm A/mm

(i) C3-BIE:RE SR () C3-B2R:mF

e BIREEARTE o AEJE

0 20 40 60 80 100 120 0 20 40 60 80 100 120
A/mm A/mm

(c) C1-B3R R (d) C1-B4ZW IR

2.0
1.5
1o§
0.5
0 20 40 60 80 100 1200 0 20 40 60 80 100 1200
A/mm A/mm
(g) C2-B3JH: 3T X B3R (h) C2-B4%: 22 G 4R

1 4,
0 20 40 60 80 100 1200 0 20 40 60 80 100 1200
A/mm A/mm

(k) C3-B3 %t /5 MR (1) C3-B4HERR X W HR

B 15 BRTENEmSHEMETH - B HE

Fig. 15 Finite element model cross-section bending moments and load-displacement curves
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