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Experimental research on seismic behavior of concrete filled CHS and SHS

columns and steel beam planar frames

WANG Wenda', HAN Linhai?, TAO Zhong'
(1. College of Civil Engineering, Fuzhou University, Fuzhou 350002, China;
2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to realize the seismic behavior of concrete filled CHS( circular hollow section) and SHS(square hollow
section) columns and steel beam planar frames, twelve test specimens were experimentally studied under constant axial load
and cyclically lateral load. The column shape (CHS and SHS), steel ratio of the column section(CHS: ¢ = 0.06,0.103; .
SHS:a = 0.125,0.126), axial load level of column(CHS: n = 0.06 ~ 0.60;SHS:n = 0.04 ~ 0.60), linear stiffness ratio
of steel beam’s to column’s(CHS: i = 0.36 ~ 0.58;SHS:i = 0.34 ~ 0.62), are all considered as experimental parameters.
The test results show that the lateral load ( P) versus lateral displacement hysteretic curves of the frames are plump shuttle
shape. The curves have no obvious strength and stiffness degradation. The axial load level of columns and steel ratio of the
section have a evident effect on the strength and seismic behavior of the frames, and with the increase of axial load level of
columns, the lateral ultimate strength of the frames become low, and the ductility of displacement and the capacity of energy
dissipation also become descending, but the steel ratio has the opposite results. The frames with concrete filled CHS columns
have a better seismic behavior than the frames with concrete filled SHS columns. All the test frames which design by the
specification DBJ 13—51—2003 can meet the requirements of seismic design.

Keywords: concrete filled CHS(or SHS) columns; steel beams; frames; seismic behavior; ductility; energy dissipation
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Table 1 Summary of test specimens
e B R /mm RS WEK SHE
o - kg BEE o m
b /mm
g duox20 W05 007 006 4
2 150x70x3.44x3.44 2500 ' '
K $140x2.0 1450
CF-12 | 0.57 0.30 0.06 40
2 150x 70x 3.44 x 3.44 2500
H ®140x2.0 1450
CF-13 | 0.46 0.60 006 30
B 140% 65x3.44x3.44 2500
H d140x3.34 1450
CF-21 0.5 0.06 0.103 50
F 160x80x3.44x3.44 2500
H D140 x3.34 1450
CF-22 0.5 0.30 0.103 50

2 160x 80x3.44x3.44 2500

K $140x3.34 1450
CF-23 0.36 0.60 0.103 30
# 140% 65 x3.44x3.44 2500

H [C120x3.46 1450
SF-11 0.62 0.05 0.126 40
2 160x80x3.44x3.44 2500

# 120 3.46 1450
SF-12 0.62 0.30
I 160x80x3.44x3.44 2500

sy B DI0x3d6 10, G o 30
2 140x70x3.44x3.44 2500 ’ '

H [J140x 4.0 1450
SF-21 0.5 0.04 0.125 50
7 180x 80x4.34x4.34 2500

¥ [J140x 4.0 1450
SF-22 0.55 030 0.125 50
# 180x 80x4.34x4.34 2500

140x4.0 1450
o B LMOx 0.34

0.60 0.125 40
2 160 x 80 x 3.44x3.44 2500

MR AR T HENE , R B WBUE TR, 3R
R R MR EAR S SNE R, RS, W
B EVREMARIML, BEERE FHERER
Bt MENMREMTEE R 16mm KT HHE
TR AR, T BN 16mm A B JRAR U4 F b 2 41
PEERR ORI IO B T B Rl LE
BEEE, FEM T SRERBERE—E. W4
55 B LRI T , K AR A, A =
(SRR BBH IR K ) (GB/T 228—
2002) HLAE B B AT, AT ISR B IR ) i AR
SRR BUDOREE HMERE ROAMA AT AR 2 FTR .

WERELPRATEELREL, FOKBRIKA
0.362, 0% K 0.58, B A:K: 181kg/m’;32.5 %
MR FR 5 7K U8 : 300kg/m’; 1T 2R 4% 14 JK - 200kg/m’; 7D
994kg/m’; 1 : 720kg/m’ ; UNF-5 FaBRIBK R B & H
1.0%, BELRABKHENIES, RN ERE R,
MIEE AR T REE R E HTEMRS T, &
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Table 2 Mechanics properties of steel specimens

2E, N
- =43 Eﬂﬁﬁiﬁzf, WRRIRAE £, AR F(EE/Nx A

N-mm Nemm~2 Nemm™? Vs
e 2.0 321.7 397.9 2.063x10°  0.266
3.34 352.0 430.1 2.066x10°  0.262
S 3.46 404.0 510.5 2.064x10° 0.278
4.00 361.0 433.8 2.062x10°  0.261
R 3.4 303.0 440.9 2.061x10°  0.262
mE 4.3 361.6 495.5 2.02x10°  0.262

F RS PR 1 R AR AR M ST J7 1R
Bt iAHAE 28 RFPHE, RIBCGHEREL ¥
PEREIR K 7 B AR HE) (GB/T 50081—2002 ) i 1534 31
FR R BN 42.7N/mm?, # M A5 & O 33800N/
mm?o AR S AU ERE R 52.6N/mnt,
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SR . 7ESCIRERIMEMIE FIRE T Bk WA RS
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TR T E SR 2 L, DVRIEAE TR A K P
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nE ARG ER IR E MBS EE TR 5E
RSPy T MTS Y80 1R AR AE 3 28 3% B2 LABE ik
R B REALR S B K FR S INERIE K 500N,
FTEA + 200mm, A BRBEWE 2 iR,
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Fig.2 A schematic view of the test frames set-up
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Fig.3 Failure development and plastic hinges

sequence of the frames
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Fig.4 Typical failure modes of the specimens
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Fig.5 Lateral load ( P) versus displacement (A) hysteretic curves

FRARK R R (P-A) B
B 6 Frn. MEIFT &BE 4 ARG RER » = 0.3
B8 n ~ OB ARE S TREAZ  TAEL » = 0.60 B
ARBNE n ~ OB FRERE, R E4RME T REEE
BENIE , 0] WK E B H A S RS A LRSI

FHREAR . X TARRATHEERAM EEBRER
TSN, R AT B BRI B S B B R $R
[R] BN , 24 B SRR/ N, b s EE S I K P AR BN R
W SEINBA B, A0 CF-1 RFURF; T & 0 R BT,

FE A3 X AE SR A B K P AR B PR R R B/ —
53



S, SF-23 R4 ph TR0 5 25 B 0 R R T A 4
SR, H A B R R A R RS
HRME LIRMER,

Be6 PABRMEK
Fig.6 Lateral load ( P) versus displacement (A) skeleton curves
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Fig.7 Lateral load ( P) versus strain (&) curves
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Fig.8 Lateral load ( P) versus curvature ($) curves
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Fig.9 Determination for yield point of specimen

®3 PAHBRLEMFIER
Table 3 Typical points of P-A curves
S JEBRARTS BBRRTS BIRRE
P,/kN A, /mm  Puy/kN Apy/mm P, /KN A, /mm

CF-11  57.06 15.25 76.49 40.00 65.02 60.86
CF-12  52.59 13.11 68.43 30.00 58.17 56.47
CF-13  38.85 12.50 55.25 39.60 46.96 59.77
CF-21  70.38 15.71 96.38 30.00 81.92 63.39
CF-22 66.21 14.78 90.64 30.00 77.04 70.62
CF-23  53.27 14.72 75.66 30.00 64.31 69.34
SF-11 81.54 17.66 106.11 49.30 90.19 81.90
SF-12 80.29 17.18 102.75 40.11 87.34 77.36
SF-13  61.26 15.47 88.50 29.70 75.23 72.83
SF-21  128.75 17.77 166.65 40.00 141.65 63.25
SF-22  112.46 14.89 154.11 30.92 131.00  59.09
SF-23  87.03 9.39 133.01 24.00 113.07 33.43

M 3 FIE W, X T R R, B fhE L3
K AELRAK AR FRAE S FEAS, R BRALES A, B, R
BIRESR A4 B IR A5 3R BT o X9 F O AERESR, B IR EL Y
10, HEZR 5 BIAR PR AT BT AR PRALRE A e BB/, TR
P A, BRME g/, AT B b ST T HA 8 S R
1 EHE K T AR A 3 o 3o T VAL RE SR, 5 R BEK

# CR-2 1R B R AL %8 A, RBIRAIHS A, FERI K LE
B LA BB, K E B R E R R M SR (AR
SR 7 30 S O TRBE IR A T AT AR, T R
B/ CR-1 AR 5 HEERR M, BAK
o, Bl R R NI L T , R ARE R G M HE SR
BRI ZITRAEFRSS , N T HEZR 1R PR AR 8 A BT B
Mo At FARIRE + RAEL R B LS B R
AR, T EL A R R R A, EI R AL
W BE L XA 2R AR 7 0 1 B 5 AR o 5 i — P
REFIEEARIRBEIT
4.4.2 FEHRFERE

R S B SE A R BRI AS F S R BORBR R AEZR
BRI EE . DR TR A, 58 RAL
BA BHEEXRHZERCHEERE, Bl:p =
A/A,, TIREN B 6 XA = arctg(A/H) , HF
HAERMESE; LRI B A 0,00, =
arctg(A/H)) FUBRAIE A 0,(0, = arctg(A,/H)) B
A SR B AL f R H, B e e = 0./6,, T
BEA R PREG A MO T R o A
TEVERB o I 4,

F4 BHEHRFERE
Table 4 Ductility and energy dissipation
8, B, FeRE
i he E
prins d o 1o u WNem
CF-11 0.0125 0.049 3.9 3.9 33.18 0.271 1.701
CF-12 0.0107 0.0463 4.33 4.31 28.99 0.279 1.752

CF-13 0.0102 0.0490 4.80 478 25.11 0.249 1.564

CF-21 0.0129 0.0520  4.03 4.04 3579 0.339 2.128
CF-22 0.0121 0.0579 4.78 478 3499 0.343 2.152
CF-23 0.0121 0.0568 4.69 4.7 30.45 0.355 2.230
SF-11 0.0145 0.0671  4.63 4.64 76.44 0314 1.975
SF-12 0.0141 0.0634  4.50 4.50 68.43 0.296 1.860
SF-13 0.0127 0.0597 4.70 4.1 47.47  0.267 1.678
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