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Abstract : To study the axial compressive bearing capacity of tubular X-joint strengthened with carbon fiber reinforced polymer
(CFRP) under preloading on chord, four tubular X-joints were tested under axial compression. The axial

compressive bearing capacity, displacement and strain of the chord/brace intersection during the experiment were
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measured, and the failure modes, axial compressive bearing capacity, and strain development of the specimens were
analyzed. A finite element (FE) model of tubular X-joint strengthened with CFRP under preloading on chord was
established through finite element software ABAQUS, and the numerical simulation results were compared with the
experimental results to verify the accuracy of the established FE model. Effects of initial loading percentages,
diameter ratio of brace to chord, chord diameter-to-thickness ratio and number of CFRP layers on the bearing capacity
of tubular X-joints were investigated. The experimental results show that CFRP sheets can effectively improve the
axial compressive bearing capacity of tubular X-joint, and this enhancement becomes more significant as the number
of CFRP layers increases. Compared with tubular X-joint strengthened with CFRP without preloading on chord,
applying an initial loading percentage of 28% on the chord results in 3.2% reduction on the axial compressive bearing
capacity of the tubular X-joint. The preloading on the chord does not change the failure mode of tubular X-joint
strengthened with CFRP. The parametric analyses from finite element method indicate that the bearing capacity of
strengthened tubular X-joints reduces with the increase of preloading percentage. CFRP strengthening can

compensate for the reduction of bearing capacity of tubular X-joints subjected to initial axial compression. With more
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CFRP layers, the decrease of the bearing capacity of preloaded tubular X-joints becomes less.
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Fig.1 Geometric construction and dimensions of

tubular X-joint (unit: mm)
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Table 1 Details of specimens
K2 dy/ &/ L/ d/ 4/ L/ w7y
mm mm mm mm mm mm
X-NO0-0 114 45 1400 89 4 280 O
X-N4-0 114 4.5 1400 89 4 280 4
X-N6-0 114 4.5 1400 89 4 280 6 0
X-N4-28 114 4.5 1400 89 4 280 4 28%
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Table 2 Material properties of steel materials
o BMUMFE /) BRERES/ MIRIERES/
PE)] s y u
AR GPa MPa MPa
ENGS 186 307 475
R4 176 317 479

LAy UL = AR B . (1) FeTm A BB B o R I RLJE Sy
125 pm A9 RS 40N 5 48 e TH AT AT S , 25 R 3R 2R 45 LA Je
SEUAL T DR AR U AL TR 9 7 o (2) e & A A RS O o [
W B o 2 e BRI 2 18 S 1 RS o ik £F 4 A E AT AR 0,
YR E 2% 8] Ab 3T 15 () XM A8 19 503 0 1) ik 2T 44 A Rl G o
AL i ¥ B LA T A G 0 B 2 AR S S RGO B 4T 4
i o RN T B B DR Bk 2F 4 A S OR9 3R T T S R RS0
(3) FRAFTBL o Rl I e 2F 4 A 19 Jn 1 s X 88 S0
TE S AE N B IR, 00 B 2T 4 A R 0 2 [

2) FERET CFRP Jin & X% 485 5000 il & i F ]
LAy AR IS B B : (1) R 3 p B . (2) F2 48 7K 3k

%£3 CFRPHHEM
Table 3 Material properties of CFRP

A LI RARF FEAY IR F B AR K o
P E.,/GPa 1 /MPa e /% * B R R L/ mm
CFRP 238 2 549 1.41 0.167
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Fig. 2 Fabrication process of preloaded specimen
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Table 4 CFRP orientation and reinforcing scheme

e e e 4% BARE
52 g = X =4
X5 Wik F @/ B % /mm
4 0/90/0/90 4 0.668
X-N4-0
X% 0/90/0/90 4 0.668
% 0/90/0/90/0/90 6 1.002
X-N6-0
%% 0/90/0/90/0/90 6 1.002
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X4 0/90/0/90 4 0.668
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Fig. 5 Arrangement of LVDTs and strain rosettes
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Fig. 6 Failure modes of tubular X-joints
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Fig. 7 Load-displacement curves of tubular X-joints
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Fig. 8 Strain distribution curves of tubular X-joints
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