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Research on seismic behavior of unstiffened thick-walled tubular X-joints under

out-of-plane bending
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(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. State Key Laboratory for Disaster
Reduction in Civil Engineering, Tongji University, Shanghai 200092, China; 3. Shanghai Institute of Architectural
Design & Research Co., Ltd, Shanghai 200041, China)

Abstract: To large span roof structures, lattice grid and reticulated shell are the common structural systems widely used.
Unstiffened tubular joint in these structures is subjected to both axial force and bending moment in and out-of-plane of
member axes if the connection possesses bending rigidity. An experiment on two unstiffened thick-walled tubular
X-joints with different geometrical parameters under cyclic quasi-static out-of-plane bending was performed. Based on
the result of experiment and numerical analysis, the seismic behavior of the joint is researched. By proper set of
geometrical parameters and qualified welds, the plastic bending capacity of members can be developed. The failure
mode of unstiffened thick-walled tubular X-joints with the larger ratio B of branch diameter to chord diameter prone to
tearing failure (tensile and shearing rupture) of the chord wall, and the joint behaves excellent in deformability and

energy-dissipation capability.

Keywords: thick-walled steel tube; X-joint; unstiffened tubular joint; hysteretic behavior; experimental research.
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Fig. 1 Test specimens
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Table 1 Size of specimens
S5 DxT(mm) dxt(mm) S
XBH-1 273X16 245X12 090 853 0.75 90°
XBH-2 273X16 194X12 0.71 853 0.75 90°
VE: B=d/D, y=D2T, =t/T
2 ANEMERIREE R CTE)

Table2 Measured material properties (average value)

y T 1%

Bk JEIRSREE PR ik st
(DxI)  f/MPa  f,/MPa 6/ % E/MPa
273%16 368 520 300 2.18X10°
245x12 385 551 301 230X%10°
194x12 358 518 242 2.09%10°
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Fig. 5 Schematic deformation of specimen
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Table 3 The ductility ratio of joints
B\ IER fuE e u

EN R TR . . . it -
0" 0 0, 0, 6,6, 6,0,
xping CE1 00045 0024 00044 0034 54 78
X2 00045 0021 00037 0029 47 7.8
KBiy CE1 00079 0019 00069 0019 24 28
FE2 00087 0017 00065 0017 20 26
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Table 4 Carrying capacities calculated by the equations
A M M M, M, M M
% AKNm  ANm  ANm  AKN.m  KNm  /KN.m

XBH-1 228 204 188 239 262 259
XBH-2 116 128 105 134 131 124
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Fig. 7 Failure modes of unstiffened CHS joint
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Fig. 10 Stress state at saddle point
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Fig. 11 Stress at saddle point by FE analysis
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for mechanical explanation
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Figure 12. Mechanical scheme between the saddle points
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Figure 13. Comparation of strain contours

CLEAMTAU S 1IN, I e
PERAIT. 2 THER f RIESIEMERIRR, <K
EEREL y EHAAR.

4 &g

TEFERIELL y N 8.53, LEERE B KTET 07
B, R AT U AR B AR 2k ik B S A 2B v
FE. PUAEATRR T U SE RS i & ORIk T JEEE ]
BE A BT S IAMZASE, AT RIEIA RS A
TR R AR T AE, 19 R R

TEFERIEL y N 8.53, LEERE B KTET 07
B, T AR O T A X R AR B TR AR
TERIRRS A RES AT I R AR (MR s

JE AT ) o Iy JERE BRI T kAP B BERRALE, T
IEEARE R A BRI — RO AR A (AT AR
F FEREBIHIA.

FEREL y 853, LEERL BT 0.9 i,
JEPEAFERERLT, T B 55T 0.7 MEVENFERERZE . 46
BHMRIC AT, FRERENE A BT R 52
I, SCEEARE B ORI, SEVEAIFERESF I RE BT
2 RN SIS TERIFERE SRR . XA B
R, T RIXRECTSE, I HPSCE Z R RER 2
BRI XIS A PR

SO TEARR 1 B BE BN 7V [ /Mt 5] 32 2 N )

WA BNBEEE R, I Han e tEHllr. =

THER  IRME SHIAERENER R R, 2 KEE

R y SRR, T2 PSRRI

P

S

[1] Kurobane Y. Static behavior and earthquake resistance design of

welded tubular structures[G]. Mechanics and Design of Tubular

Structures. Wien, Austira: Springer-Velag, 1998: 63-116

[2] Wang W, Chen Y Y. Hysteretic behavior of the tubular joints under

cyclic loading[J]. Journal of Construction Steel Research, 2007, 63:

1384-1395.

[3] Chen Y Y, Zhao X Z. Experimental study on hysteretic behavior of

CHS overlap K-joints and gap KK-joint[C]// Proc. of 5th International

Conference on Advances in Steel Structures, Singapore, 2007, VoLII:

207-217.

(4] FREA—, PLAHLZE, BRLLSE. [ANEHR B R VR PR SRR 7T
[T EHEER R, 2003, 24(6): 57-62. (CHEN Yiyi, SHEN Zuyan,
ZHAI Hong, et al. Experimental research on hysteretic property of
unstiffened space tubular joints[J]. Journal of Building Structures, 2003,
24(6): 57-62. (in Chinese))

[5] Choo Y S, Qian X D, Liew J Y R, Wardenier J. Static strength of

thick-walled CHS X-joints Part 1. New approach in strength

definition[J]. Journal of Constructional Steel Research, 2007, 59:

1201-1228.

[6] Kurobane Y, Makino Y, Ochi K. Ultimate Resistance of

Unstiffened Tubular Joints[J]. Journal of Structural Engineering, 1984,

110(2):385-400.

[7] Wardenier J, Kurobane Y, Packer J A, Dutta D, Yoemans N. Design
guide for circular hollow section (CHS) joints under predominantly
static loading[M]. CIDEC series: Construction with hollow steel
sections. TUV-Verlag Gmbh, K6In, Germany, 1991.

(8] J. IREJe/R & WVERIMASSARM]. TRIAR, XRREE.
Fig RGO RRAE, 2004,

R ER T, 20T R



PEFIRFR T2

TS

Email: mxd13816871099@126.com

FEIf: 13816871099, 021-65982926 (Lab)

Hihlk: BV 1239 5 [FGFRFE A TR RN SR
SEFIZT = (AR K AT726)

%= 200092

EE R T, 2 TR


mailto:mxd13816871099@126.com



