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Full-scale Experimental Research on Shear
Capacity of Concrete-filled-steel-tube Column
Connections

KANG Liping, LU Xilin
(State Key Laboratory of Disaster Reduction in Civil Engineering,
Tongji University, Shanghai 200092, China)

Abstract. Experimental research was conducted on 10 full-
scale concrete-filled-steel-tube (CFT) column connections to
investigate their seismic performance under various axial force
ratios. Different shear strength equations were compared,
and the shear strength-deformation relations were further
implemented into OpenSEES simulations. Results show that
all tested CFT connections present excellent shear capacity in
resisting lateral loadings; the equations proposed in Chinese
specifications need improving; and OpenSEES model provides
reasonable simulations on hoth shear strength and shear
deformations of the joints.
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a] B2 8% » JKF 5 Te) BT B E A% 3l 5 A T00E I 5 ) i )
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FHLFRE, K 4.2 m, R T LA 2.
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Fig.1 Test setup
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Fig.2 Column-beam connection details (Unit; mm)
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Tab.1 Connection details
- b A IEANE RS /mm N i . .
SRR W G hE B PR R~ B 5 /kN

JD11 400 14 # 150 mm,/E 10 mm 0.11 1482

SRR JD12 400 14 % 150 mm, /& 10 mm 0. 34 4 445

JD13 400 14 % 150 mm, /& 10 mm 0. 68 8 890

JD22 400 14 & 10 mm, FFiF B4 250 mm 0. 34 4 445

(5@%325@5%) 400 14 J& 10 mm, JFiF B2 250 mm 0. 34 4 445

PN R T A JD22-D 400 14 JE 14 mm, FFAE % 250 mm 0. 34 4 445

JD22-T1 400 18 & 10 mm, FFiF B4 250 mm 0. 34 4 445

JD22-T2 400 10 JE 10 mm, FFAE % 250 mm 0. 34 4 450

JD23 400 14 JE 10 mm, FFAE % 250 mm 0. 68 8 890

HIBR AR S MEST & JD32 400 14 % 150 mm, FFiF B4 250 mm 0. 34 4 445
£2 Wb Pl Je 565 3 Bl HH B ™ B W) o AR 4. T A

Tab.2 Material property of the steel lﬁ—%ﬁ\{% =] fl 2% DL 3.
I RNGUE, SRS SRR ORER 2.3 RE-REGE A RN

8 333. 88 525. 57 206 29.0 N BB HAMBT S D32) M A a2 A
o she2 ssass 2 295 AR (JD22-B) (R AR A AR 35 R (JD22)
14 324, 41 498. 49 206 29.3 . e e AL hm n ;
s 236, 80 12 68 218 . AR » FhRRAR 19 5, (JD12) BB 28 ph 28 R B 3 R

*3 BRI
Tab.3 Material property of the concrete

ey SRR BRRRUE  GUE BN
S wpr/MPe BBE/MPa E/MPa R/GPa
C40 56, 92 47.79 2,35 32.6

S RN e A S A v e AR X, 39 A JD22-T2 (IR
BEBA » BT AN A R P R BRI T 9 A
S TBY R E ) X RIBE , 3 R IR TD22 15
BRI TD22-T2 f 77 sk IR
1.2.2 2859 F3-JR A0 RS A i 1] 2%

PrA T R B3 U2 B 89 (VO - R A8 £
(R, )i 1]y 28 359 32 B0 96 B AR 708, BT 39 A5 B
YRR kR LS, FERERE ) 5. T B LB A2, iy ol 28
TE SR BT B T PR AE RO X R T I R S
AR B S5 ML 2 I A R B LA B I 3 R G 55 1A 2 ]
A7 “ - 2K - B ) i 4 U R 5| 2 #. DL,
JD12,JD22,]D22-B K JD22-D i [] il 2612 /2 5]
fiA% /N T 1/20 B ¥R R BB IR, JD13
K JD23 ph T Hs e v 2 i (] phy 284 0 20 1
BRI A I sh ELIR A1 8Y F1 R T F. JD22-T1
Fdis lml 2k AR E R R H 2 1/30 Iiagis). JD22-T2
HIKEARB IR L EE R AR A IAE 1/40,
SR TR RIGLRS 2R 1/30 B R 4 5 W s 3k
FRBRAEP T 28, il (el il £k b B ™ B A 5 RSB Ak, JD32
F T4 R 5 S P R AR 2 18] A R AR AT R R
e o] it 28 A SR TBL A2 RS A O 1/30 BN B 2R 2

AR HR B e R B 5 5 B 3R A 5 hndE ([
da). FIPIRRMR 5 & (JD22) Bk ok, 35 s E B
FEME R R (JD22-TD 35 R 3R B3, (ER R B
KA1 e 5 13 B A B S TV Y R U R
BEW/ NS a8 (JD22-T2) 9 s 3R BRI/ s R R AR R BE
BRI R (JD22-D) i AR A A2 15 5 L 3R BB A d
oy E (B Ab). B R BE R 38 O, 3 3R BE U8
/N, HLam R INR ( 40).
12,4 7 RUAY0 S SEA:

FAGIH T SR R L A T B R A
. IDI11,ID12 K JD13 [ L& b, BEE R L
RT3 A, T ER o AR L BB DB/ L JE 4 A 4%
KA B MR B BT 5 (JD22-D) Kt K B4 5
JE BT AT (JD22-T1) 37 A B s Yol /N T AN
JERE T R (JD22-T2) 95 558 BE /. B s 2
(JD22-B) WAL BT 4 19 5 1R 3 B2 FISE 1 BB AH
Brigi/IN (R JD22 LD . AREARSMiY s (JD32) B3z
R AFEPE R E (2. 668) L N R AT S (JD22) i %%
FIEPE BB (3. 433) /. WRHAKER SRR
T (ID12) 3R BE B » FE PR IR s Rl 1Y 45 (JD22)
i J3E R AR AELR SE PR B 4 5 N BRI 35 25 (JD32)
RIS B 0 N B BT AT LR SE PR AR — 2
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Tab.4 Test results about the connections
. JRIRIRE M BRAR S WIS [ra—
)= — R R, =IAf7
HE Tt W/ REGBM WE/ RERHM RE RESBA  mmzmn
kN rad kN rad kN rad
1E 429. 8 —0,016 0 505.6 —0.019 0 429, 8 —0.034 0
JD11 2.123
7 —439.5 0.016 5 —517.0 0.019 8 —439,5 0.0350
iE 402.0 —0.012 7 494. 7 —0.017 9 420.5 —0.027 0
JD12 1. 860
ik —428.0 0.014 2 —490. 3 0.016 7 —416. 8 0.026 0
1E 450. 0 —0.0130 535.5 —0.018 7 455, 2 —0.027 0
JD13 1, 839
il —337.0 0.0118 —397.0 0.0139 —337.5 0.018 6
iE 283.0 —0.0113 361.9 —0.020 3 307. 6 —0.040 0
JD22 3.433
il —330.0 0.012 0 —405.7 0.0312 —344. 8 0.040 0
1E 293.0 —0.014 2 379.9 —0.0309 322.9 —0.038 3
JD22-B 2. 586
ik —308.0 0.0131 —377.6 0.017 0 —321.0 0.032 3
iE 313.0 —0.0118 401. 1 —0.019 9 340, 9 —0.033 5
JD22-D 2. 668
il —312.0 0.012 3 —425.2 0.019 2 —361.4 0.030 8
1E 313.0 —0.012 4 406. 2 —0.024 2 345, 3 —0.034 5
JD22-T1 2. 455
ik —355.0 0.012 9 —422.2 0.018 4 —358.9 0.027 6
iE 313.0 —0.010 4 355.3 —0.019 4 320. 4 —0.0321
JD22-T2 3.028
7 —298.0 0.011 2 —364.3 0.020 5 —337,2 0.0333
1E 311.0 —0.009 7 483.7 —0.017 0 411.1 —0.031 8
JD23 2.775
ik —316.0 0.010 3 —437.1 0.012 0 —371.5 0.0237
iE 316.0 —0.012 8 405, 1 —0.019 8 344, 3 —0.033 4
JD32 2. 668
il —305.0 0.012 2 —365.1 0.013 3 —310. 3 0.0333

HEZFPNBBHCA R — 1 NAESR”, TN 8 1 AR B
—ANERBY SR, CHRBY 8T S AR, SRS AR
2074 AR BB £, BARIR T + iR B PR AR R
F1. XA T S % BY 8% 57 B [
W] EIEH 5 A “RAE AR A i 5 2T H B ANAE SR Y
BBy AR E 7 B, A A BB 58 BE N 2 AR R
B N E BR A RN IR B - TR BB R B
LA, MAR T RNRE LS NEREL
FER X, IF BLAE B IR B 1 DU B R 2R ) i th ¥ A
FRIRE WA AR D, Wu 255 58 o X8
EIREE T AT SRR S T A8 -5y
PIASTE WM 28, [l 28 1 0 3 s B B 2R 30
TR A Wu S AXEE, EB HEAT 24
WEEW =AY, 2 MIEBRE=E TR
JE » 31 2% A Mohr-Coulomb #2 H /9 28 5 ) Sk 1155
RS+ R R PLET R E . AXZ R T HE S 3HE
B+ HUBT AR R B2 K BOR 2 SR T 0 AR K
FG .

FRSANEE AR T & 8 W8y &R
F1, I 5IRI R, Wk 5, 8% Al FRERA
ACHEIREE H &R E TR R4 R,
CECS i HSCER[3]MiH R 45 5, CECS-m &R
FESCER (3T A S AN 25 AR 48 R BT BY STk T3
i, A ReF R BOCR LTI B A R, AR E-m
KRAREARPHZ R TIRE LB RARAE

ARE Rl = R BB OCERL6 TR R, Rifis-m
FRESCHRL6 R AKX P25 18 T 3 e ) 0 4R
B PR S B9 . A58 E AR 52 AR PR B
F7 (FEvwBY 71D K vt PR BY 7 4 PR UL o6 R e B 1
KM R T EF B A 19 s P BY AR R ) ¥ Bk LA
R4 CECS i+ 5 ¥ JD22 19 52 30 % By VI AR £
4,24 X10° N. NRHEH, HA AT AR BB Bt
PR B ; CECS fe i S WA R DA B
R B s JH R4S R 1 X RB 0% S il R
b R RS R BE (W 2. CECS X5 fUR 8 7 i T 2
B8 T ORMRK R K4 AL IR R = 1T
M. 3FF CECS e ., AN 25 JR 18 4% 1 Bi 55 TTAR, 15 4%
AP AR B T B LF BB 50 %. X FRER
R TR, % IRIREE 75 3 R B 5 4
KT S PTBY AREB WBE. X FRBE AR,
R BRI T (ID1D) 275 2% B R b %3y
RIS HPUBY AR ZR T i B0 6 A B (R E
HE BT ADI13 K JD23) , 2% jEhl I ek i FE
T A5 3 BY AR R 7 1 T (R AIR T 18, 320D,
Morino ZM3 R4 SCP 5 SCC L K Lu &M
FIRER A YGS PTBT AR B AR 5 . X F
545 SCP J¢ SCC ki), CECS 24 2% 75 21 35 Y1 7K
B A TR, HkR AL FR R AW TNME, R
i IS & /. % T YG5 Skt R R R KA
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CECS, R#i = M E &/ #7355 SCP & SCC
Al LR 0. 15, YGS A% s ELALUA 0. 20, R 8
P REHBRE LI X 3 W S PiBI R E S
BMERZ A ERL. AR 5 & . RERB = AT

B AT I B AR BUAE S R B (R B
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Tab.5 Comparison of the joint shear strength after normalization

W AHS ATJ CECS CECSm JHR# HAX#E-m Rz Rizm {BAE L gas
ID11 0. 86 1. 00 0.51 0. 87 0. 80 0. 63 0. 62 0.55
ID12 0. 86 1. 00 0.51 0. 88 0. 80 0. 65 0. 62 0.53
JD13 0. 86 1. 00 0.51 0. 86 0.76 0. 60 0. 49 0. 50
ID22 0. 86 1. 00 0.51 0. 88 0. 80 0. 65 0. 62 0.41
JD22-B 0. 86 1.00 0.51 0. 88 0. 80 0. 65 0. 62 0.41 PR
4,24 X105 N 1841 5)
JD22-D 0. 86 1.01 0.51 0. 88 0. 80 0. 65 0. 62 0.44 AR
JD22-T1 0. 97 1.21 0. 58 0. 99 0.91 0.77 0. 74 0.44
JD22-T2 0.74 0.79 0. 44 0.78 0. 69 0.53 0.51 0. 39
ID23 0. 86 1. 00 0.51 0. 86 0.76 0. 60 0. 49 0. 49
JD32 0. 86 1. 00 0.51 0. 88 0. 80 0. 65 0. 62 0.41
SCP 0. 41 0. 50 0. 20 0. 40 0. 40 0. 36 0.35 0.31 B R (TR
sCe 0.75 1. 00 0. 34 0. 67 0. 67 0. 65 0. 64 0. 39 7. zzx%%;j;%ﬁgg
B BB Re
YG5 1.02 1. 00 0. 62 1.08 0. 90 0. 66 0. 62 0. 67 6. 68X 105 N 1848
RETT

N T XA NGB RS 0 B — 4T
(Y ELEE . 7% 6 B T D22 45 A A3 R IR
BB E % AR XRS5 B8 RS O 15T
fik. BT LUE R AR SR 1 TR T 4 KR 1Y
T ABIBTRE T (RBY 119 9920 ~10000) , MR E R
% K AR BTk JLF- 7T 20 AT RGBT i 100~
290). XA IR AL TS Th A% BB R &%
Ko A BR A A BY g BTHR A D L &1 BRI AR Sk S 4
BRI TR B L ST, (R AN iR
BRI B TTRR HL B B [
®6 TR ID22 H—RHT SRR N LR
Tab.6 Shear strength contributions of the joint of JD22

{after normalization)

NR WEER WEELZ  ARR OBt s
AIJ 0. 48 0 0 0.38 0. 86
CECS 0.79 0 0.01 0.21 1. 00
CECS-m  0.29 0 0.01 0.21 0.51
JE Rt 0. 44 0.01 0 0. 43 0. 88
I RME—m 0. 44 0.01 0 0. 35 0. 80
Rtz 0. 46 0.01 0 0.18 0. 65
RE¥is-—m  0.44 0.01 0 0.18 0.62

2.2 PREHA-ERHE

BRI 319 iR BY 7 -BY U AR I 4 il R I 5
AL T #) 25 B B, Fukumoto 551 $8 i 45 £ 48 8Y
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A Z B A PO (E AR (B AR I (B ARG T

BIGPIBT RS . B AN $E R A SR
R PR B O 3 (LR AR I IR AL D K
RE TR AFEHRE 77 M T FATE 25 SR 22 R AR R, W 450
TR MR AR E TG IR EE A iR
BT SAREW, SIS R & B XA
REREATNERE G S AFRIE,
TESE 3 iR BUE S PR BIE Wu S5 4 i 55 S 8L
BY )-8 ith £ o R .

3 HEISIE
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7E OpenSEES 3/ #3719 s A B AL, iy
TRV AN E Y EH RIS+ 5
BRHERYF BBE2ILTTLYUAT, RH
“BeamColumn” £F 4E 21 BT R HLAN S TR Bk L AT
AZEERNESRELZRMERE NPEXH
“BeamColumn” #F 4k % # ¥ o, W S R H
“BeamColumn]oint” B85 e gEAT R, WKl 5. 7
RIBRYAZ 178 T J2 38 i “ BeamColumn]J oint” B.IT Hh
B 19 a5 38 B B (rotational spring: R1) e ITHR
LAY, o7 5 A 7 T WS AR K R
PEBA S B8 T 2H (GS1— GS4) SR BB, SR AF %
Steel02 4 4E MEVEF T, AN 25 R A 5 4 5
B IEPE T RE 295 477 ; 1R 8 + R F Concrete0 244 KB
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Fig.5 Beam column joint element
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Fig.6 Shear strength-deformation relations of the joints
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