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Experimental study on the in-plane flexural hysteretic behavior of CHS X-joints

ZHAO Bida, LIN Shikang , CHEN Jieyou, WU Shuangshuang , LI Fulong, CHEN Yi
(College of Civil Engineering, Zhejiang University of technology, Hangzhou 310023, China)

Abstract: To study the in-plane flexural hysteretic behavior of unstiffened circular hollow section (CHS) X-joints,
an experimental test on two CHS X-joints with different brace-to-chord angle (BCA) under cyclic in-plane moment
(IPM) were performed. The results show that the failure modes of both joints are cracking of the chord wall in the
heat affected zone of the weld near the intersecting line, and the chord wall undergoes significant plastic
deformation before cracking. Two X-joints behave excellently in hysteretic behavior. The plastic deformation of the
chord wall and the crack propagation after cracking become the main energy consumption modes of the joint,
although the plastic deformation of the branch pipe root also contributes to the energy consumption. In contrast,
the X-joints with brace-to-chord skew (i. e. , BCA is not 90°) have better ductility and higher flexural capacity and
energy consumption capacity than the X-joints with brace-to-chord orthogonal (i. e. , BCA is 90°). For the X-joints
with brace-to-chord skew but larger BCA (larger than 70°), the reciprocal of the sine of BCA can reflects the
beneficial influence of brace-to-chord skew on the in-plane flexural capacity.

Key words: unstiffened CHS X-joints; in-plane flexural hysteretic behavior; in-plane flexural capacity; ductility;

energy dissipation
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Fig. 1 Test specimens
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Tab. 1 Size of specimens

445 DXT/mm’ dX¢/mm’ B Y r 0/(°)

X-1 219X 8. 18
X-2 219X 8.18

159X8.05 0.73 13.7 1 90
159X8.05 0.73 13.7 1 70
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Tab. 2 Test results of material properties (Average value)
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Fig. 2 Schematic diagram of test setup
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Fig. 3 Arrangement of strain and displacement gauges

2 HEERKSW

2.1 REHAKRE5HIFER

FE5E 6 AR I R, WA IR A 5 45
BfF 3T = A A R AR T O ) 2 e AR, R X1 (X
2) e v 09 7 F% . Af 243 A 4 16.3 mm (15.8
mm). 22.7 kN(23.5 kN). )5, aka 5
EREMME A &, WA X1, X2 5l fE £ 63
mm, £69 mm i 12 FE B B T AR AR,
Kifl J5 A B 22 B O A RE (s TR e g X)) JF
., WRUKE AR R B TR ZEM
BUG W SCE MRS BE TR R AR BB TR, AT R
) e 2 il U AL X 3% Sy R 4 PG e X o A T RE il
2 i 4 PR,

B4 KHEBARRE
Fig. 4 Failure of specimens
2.2 iHEIMZSH

5 4y A BR3¢ i 28 08 52 5 it [ by 2
(P-o #hZk), FZEBENFMMRSIE W P-o & JLFAH
[, P H Sy H— AR S 0 4 Il o 22 L1 48 W
E i, P LUESh g Figsi A, P (=M, /.,
=45. 1 kN) by 3B AR AR A AT e AR o 2R Rl &
BRI, 2 AN A AR PR R B R I S () T
AR 3 Py, W Sk 2 B 1 S S A R TR (SR
()Y o) TEMBG WA E —E W i 22, HE BRI
U IR A DX N S (W 7 30 P B T
MRAr s P, AZ), hnl H(2) 805 iRk AR 1 5 4%
F g LARAL IR o AR 0, 9 A Tl i £ T
W, RBLHE L B4 ] PR BE.

FIM M =PL,, BRERC)BREEM ¢, K
TR A SR (Mo-g0) B 2905 H 5 AR
TURAUZE R FEAT AL, WK 6. AR TR A A
By SEBR LA RS a4 Sk i s Al M (52
) MmAR )R A TIE 23R DIk, fF 328 i 4
SKHA B AL H O it 0 852 4 LA AL B #) A
Ui i B W, AR S O Sk i AR UL 8 B4 1
k. ARRICERR A SIR T, 9 R



5920 (LR~ )

(I SN

¥ RERFHEMD %54 %

REAE AR RS TR RERE) 5 8 A S B dr e
R ENERE sk, JEAR R [, 5Tk

WA 2 (MR MOASR A 2], sRLE Br IR E
HCh E/1005 $E7 0 s A LA Bz i 42 3k 32 i e Ay
B EE R AR B 6w g, ARG
M S I 2 R — 2 5, BRI RAL
A PR TT o3 A B RE HE T AL SR B R REIT RS
BT, H AT SEBR N -1 28 5% & 55 B 3 5 Ak

WERIIRAEAE 22 5%, (H A R o0 BT 15 i 26 45 41 Fl i
B b PR TE L i i I 4 .

P 7 45 W R s e - AR R, IRTR
WA 2 HE — ) 3 8 5 A B R A s 25 SR, Hop
= AR R E RSN AR & = [2(e —e)" 1+ 2(e
—& )t 2(e2 &) ]"7/3. e ~es HE—BFE=EMN
AR, SFHERE) e, A 0, e ey D H N AR AE I B
K. B R 2 VR IR B AT €, DAEXS L.

15 75
50 L P
g 25 L
1y
&
g 0 L
g
& s i
-50 = vy
_75 1 1 1 ] _75 1 1 1 1 1 ]
-90 —45 0 45 90 -90 -60 =30 0 30 60 90
JnEEsE A AL S /mm Iz AL S /mm
(a) X-1 (b) X-2
5 3% E T E- 18 X A0 RS T B 2
Fig. 5 Load-displacement hysteretic curves
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Fig. 7 Load-strain hysteretic curves

W 7w, R A R I Y R e ) S A
FAEWIEN IR, H S 00 AR R TR

U SAE,  HL e A SR A BE ) B
R B AR B 2 T A R B AT R HL 2

PEACRE R . DR, 9 R R AH BT
FERMATE e M PR 5 B RGOk A RE, R
B SR S AR TE R T A RE AT BT,
2.3 TRMEREA. EHEMFEES N
H B0 A5 21 89 9 51 T8N BT R B AR R (A
M., (1E. $0a) 73 504 M . M, H oW S8 F 3
{H) 5 CIZ 0 Bt pRifE)GB 50017—2017 | B
MIE EC3™ i) X ﬁ/l_l%lil’“““lﬁﬂlzﬁl’ﬂh%%?kﬁ
A Moy Meey ZEAT R H, 5 F 38 3. Mo,
My 2UEET 3287 983 2040 A A5 X0 B2 1) 31 5 20
X, HEEOMWMIERGRE £, BEE T RS
R3 VERAESRHEARBESHEITEE
Tab.3 Test value and standard calculation value of bending

capacity of joints
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R <10
§5i y =
Oyt ¢y [ Pu—
X-1 1.55 1. 65 4. 21 4.56 2.72 2.76
X-2 1. 80 1. 88 5. 68 5.25 3.16 2.79
% (RAPRRBAE) ", HEEREFER R

¥ ¢=FE../E. N1 SBFERERE J1, SR WFE 5.
Frp, E. KRR P-o i ol i 20 B 0 AR, W
WHEE — R SR ae s, XEBCTAKREN
TR 20 Yo 06 B INER % . T AR T B RARL G RN
RYGX A WAV M SR E . E.= (P, +0. +
P00 )/2, 8ur v 8o 3l R iR AR T FE 202
(SR 8 RAB) T e ) P-o B2 KIE . 7
AR, Poo . P 205K 60 . O M B fT 2, #
I HE S e BB A YT AR R R 2R T B R AEL B X
IR B A T B, RS oTh, X2(XEER
R RO PR NEE SHEEH TR T
X-1(ZFEBHIERZT ).



522 [N B

&

PN

o

n
=

¥ R(BARREER) W54 %

RS FREgESW
Tab. 5 Energy dissipation assessment

K E../(EN-mm) E./(kN-mm) 9
X-1 5 350.3(4 643.2) 2 686.3(2609.6) 1.99(1.78)
X-2 8182.0(6 570.0) 3 897.3(3521.5) 2.10(1.87)

ZFERR XTET R O0FA907) 3 FEIER X
T 5 (0=90°) HAT BT R B 7 . B I 10 42 424
FERE, HERE AT LUREEI R, BRI EAE M,
AR —XF Il F, F oy A eAH 5T R fhin 8 4
BE b IF o i b ik 1o fr L, (B H EE®EETT
lis) ) R fof AR g, g A 51 BE Jat A B
NP St S R E N N E 2 N T B P
Ty HAH ) S i 1) fof BB g, B/, WO 2O
R EFE A RE 5 B 51 AT B IR B4 A2, IR BT
EARE N ER. JERG, EMHEZERET, #
AR s B W B P 02 A A 098 K B OE AT T
FEERIF R B R BTy, AR T RS
EPEFFERE. 1 8 4y it 2 MIRAMFTE R B RS e Ko
BCCRIRE FF 24 AF AT 19 s i 3k A8 = 1.
BT %0, X-2 i S AR I (0. 569 6) BB /T
X-1(0. 662), {HH & 76 AH 5T 2/ 1 52 8 BE MY
SR DI TR AR B, W 3 R AT R B
Yo ke, SR RIFERE ST 0F, Sk 1A ALE 1
SIMTEE . A, B 8 ROk R AR A 7R R
AR 2 SR A W J0, PSR AR B O A B R
T 32 R IR YA S K JE TR R IR

PEEQ

SNEG,(fraction=-1.0)
(Avg:75%)

+0.000e6+00
(a) X-1 (L EHFIERT . 6=90°)

PEEQ
SNEG,(fraction=-1.0)
+5.696e-01
+8.000e-02
+7.333e-02

+2.667¢-02
+2.000e-02
+1.333e-02
+6.667e-03
+0.000e+00

(b) X-2 CZEERANI ML

6=70°)
8 KENENEURTZELR

Fig. 8 Strain contours comparison of two X-joints
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