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Bearing Capacity Formula of High-
strength Steel CHS X-joints Under
Axial Compression
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Abstract: The static performance of circular hollow
section (CHS) X-joints using Q460, Q690, Q960 high-
strength steel under axial compression was investigated.
Using the finite element (FE) model verified by
experimental results, extensive FE parametric analyses of
joints were carried out. The effects of high-strength steel
(8) , chord
diameter-to-wall thickness ratios (2y) , and chord axial

grades, brace-to-chord diameter ratios

stress ratios (n) on the structural behavior of joints were

studied. Then, the suitability of the bearing capacity
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formula adopted by Chinese Standard GB 50017—2017 was
evaluated against the results obtained from FE parametric
analyses and literature test results. The conclusions can be
drawn that the failure mode of joints is chord plastification,
and the joint bearing capacity is often determined by the
chord indentation limit, i.e., 3% of chord diameter; the
bearing capacities of high-strength steel CHS X-joints are
overestimated by the formula of Chinese Standard
GB 50017—2017 in most cases; the chord subjected to
pressure or larger tensile forces will reduce the joint bearing
capacity. Finally, the ranges of 2y for different steel grades
are recommended. Based on the plastic failure of the chord,
the bearing capacity formula of CHS X-joints is proposed,
considering the yield strengths of high-strength steel and
the chord preload effect.

Keywords: high-strength steel series; circular hollow

section (CHS) X-joints; finite element analysis (FEA);

chord preload effect; bearing capacity
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Fig.1 CHS X-joint specimens and test setup
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Tab.1 Measured dimensions of CHS X-joint specimens

Bt e d/mm t/mm d,/mm ¢,/mm w/mm B 2y
R32[ 324.7 14. 80 177.9 8.40 0.55 22

R69" 159. 2 9.20 60.6 5.20 0.38 17

R75% 244.7 22.00 194. 6 16. 00 0.80 11
X90-420-0. 62-26' 650. 0 25.00 400.0 25.00 0.62 26
X90-650-0. 62-26" 650. 0 25.00 400.0 25.00 0.62 26
X90-650-0. 75-16"" 400.0 25.00 300.0 15. 00 0.75 16
X102 251.3 4.63 234.6 4.69 6.1 0.93 54

x2H?! 252.1 4.71 216.9 4.72 6.1 0.86 54

x3H2! 251.5 4.68 174.9 4.70 5.5 0.70 54

X412 251.4 4.73 150. 8 4.69 5.7 0.60 53

X5t 202. 3 4.72 174. 3 4.65 6.4 0.86 43

X612 235. 2 4.66 202.5 4.64 6.5 0.86 50
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Tab.2 Basic mechanical properties of CHS

R/ B E/GPa f,/MPa f,/MPa &/%  f/f,
R?Z[ 210 734 802 10.0  0.92
R69 210 858 879 10.0  0.98
R75f’J 210 811 83 10.0 0.9

X90-420-0. 62-261 210 478 586 10.0  0.82
X90-650-0. 6226 210 798 914 10.0  0.87

X90-650-0. 75-16"! 210 806 938  10.0  0.86
1501 203 1008 1119 3.5 0.90
C1741% 208 974 1114 3.4 0.87
2021 203 1016 1112 2.8 0.91
21617 204 969 1080 2.9 0.90
(234112 211 994 1115 2.9 0.89
2501 202 950 1086 4.1 0.87
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Fig.2 Stress-strain curves of high-strength steel™”
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Fig.3 Boundary conditions and loading mode of FE
models
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Tab.3 Comparison of joint bearing capacity between FEA and experimental results
LI N.,m/ kN Nu,.mhd/ kN ‘Nu,lc.\‘/ kN ‘Ml,.\hcll/ Niiest Nu,.\-ohd/ Niest
R32% 1579 1531 1774 0.89 0.86
R69" 508 498 519 0.98 0.96
R75" 5 368 5303 5298 1.01 1.00
X90-420-0. 62-26" 3573 3536 3759 0.95 0.94
X90-650-0. 6226 5258 5221 5612 0.94 0.93
X90-650-0. 75-16" 6770 6 667 6 965 0.97 0.96
X112 408 412 393 1.04 1.05
X2l 332 328 325 1.02 1.01
X3h2! 214 231 222 0.96 1.04
X412 175 190 188 0.93 1.01
X512 356 346 342 1.04 1.01
X6 341 330 322 1.06 1.02
i 0.98 0.98
A5 S A 0.051 0.053
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Fig.5 Comparison of joint N-¢ curves between FEA and experimental results
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Fig.6 Comparison of failure mode of joint X2 between FEA and experimental results
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Tab.4 Ranges of parameters of CHS X-joints

I H W S s 2y n 4 9
CRbR) I E T Rl Q235~Q460 [0.2,1.0] <100e? [0.2,1.0] [30°,90°]
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Tab.5 Basic mechanical properties of high-strength
steel CHS"™

WS E/GPa f,/MPa f/MPa  ¢/% A m
Q460 217 624 695  7.60 7.9 0.35
Q690 208 758 808  4.71 0.1 0.35
Q960 206 959 1045  3.02 7.0 0.60
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Tab.6 Statistical analysis results of joint bearing
capacity ratio N, /N, g

B, AR ) S ARAS T Q4601 & 2k J7 , % Q690
SRR TR HER T As T QO60 1Y N K
J15 8 n=>0 B, CabR ) 2~ 2E Al T Q460., Q690 FI

N, 68/ N, re 2
S, ’%W?MH%“**E ;&/ mﬁﬁ T QI60 7 AR E 7, - H w2 B B AN b R -5 151 T
=2 NP5 > LR e
Qi o R WK T ALAL X 124w s A R A XY
n=0 Q690 81 1.14 0.129 B CRbR ) A A T R HOT sl i 7K
Q60 L L OO gy, PR RIEIAE 212,
Q460 160 0.88 0.137 - . L
7I<O QGQO 160 1.00 O. 134 UJ:)}$E%%%,<%§J4{/T>>Z ﬁxﬁﬁﬁ?%gﬁﬁij
Q960 160 LOG 0T XA SR T AR B A TR
Q460 160 1.07 0.117 . - . _ . .
Q960 160 1.27 0.085 TIRIRR , o LTS AT VHERS S Bl 3258 107 T3 RS20
RT TEARENAXEGLELERITLE
Tab.7 Comparison of joint bearing capacity between formula and experimental results
TR s 2y »/;,/MP& Nu,(;B/kN Nu.msr/kN Nux;h;/le,m.\-r
R32" 0.55 22 734 1740 1774 0.98
R69™! 0.38 17 858 630 519 1.21
R75 0.80 11 811 6692 5298 1.26
X90-420-0. 62-26"! 0.62 26 478 3602 3759 0.96
X90-650-0. 62-26! 0.62 26 798 6013 5612 1.07
X90-650-0. 75-16" 0.75 16 806 7702 6 965 1.11
X1H? 0.93 54 972 513 393 1.30
X2H? 0.86 54 972 427 325 1.31
X3H 0.70 54 972 293 222 1.32
X4H?! 0.60 53 972 254 188 1.35
X5H?! 0.86 43 1012 448 342 1.31
X6H 0.86 50 990 426 322 1.32
offz) 1.21
B E 0.113
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Fig.10 Effects of geometric parameters 3 and 2y on non-dimensional joint bearing capacity
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