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Abstract: Cyclic cavity expansion model (CVGM) was compiled with Fortran language and embedded into the VUSDFLD
subroutine in ABAQUS software. Finite element simulation was carried out for the N-shaped circular steel tube
intersecting joints and the N-shaped circular steel tube intersecting joints strengthened with backing plates. Compared
with the test results, it was found that the finite element simulation was in good agreement with the test results, which
verified the feasibility of using CVGM model to predict the fracture behavior of the plane circular steel tube
intersecting joints and the plane circular steel tube intersecting joints strengthened with backing plates. In addition, 18
X-shaped circular steel tube intersecting joints and 18 X-shaped circular steel tube intersecting joints strengthened with
backing plates were modeled. The CVGM model was used to predict the fracture of the 18 joints, and the hysteresis

behavior of the joints under various parameters was studied. The results show that compared with the unreinforced
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joint, the ultimate bearing capacity of the strengthened joint is increased by 37.5%~56.9%, and the ultimate

displacement is reduced by 4.4%~20.3%. The ductility of the strengthened joint is lower than that of the

unreinforced joint. The ultimate bearing capacity and stiffness of the joint increase, but the ultimate displacement and

ductility decrease with the increase of the outer diameter ratio 8 of the branch pipe, the thickness of the backing plate ,

and the width of the backing plate B. With the increase of backing plate length L and weld size i of weld leg, the

ultimate bearing capacity, ultimate displacement, rigidity and ductility of the joint will increase. With the increase of

main pipe diameter-to-thickness ratio y, the hysteresis performance of each joint decreases.
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Fig.2 Boundary and loading conditions
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Fig.3 Comparison of specimen failure characteristics

between finite element simulation and test
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Fig.4 Comparison of load-displacement hysteresis curves between finite element simulation and test
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Table 1 Comparison of joint bearing capacity results between test and finite element simulation

[ H R iR £
R
BIEAE A /KN BFAEHS /mm MRARE A /KN AFAEH/mm REARE/ N AR £/ %
ID-A 310.00 18.70 330.00 17.80 6.45 4.81
ID-B 345.00 12.70 360.32 14.59 4.44 14.88
®2 PREBRJLARS
Table 2 Geometric dimension of joint models
Wk EX 4 XEDXT/ HF#RT XEE EX o P E HBRKE BKREFE
il DX T/mm mm h;/mm SR B 7By B/() L/mm ¢,/mm
X1 150X 4 60X 4 6.0 0.4 18.75 — — —
X2 150 X5 60X5 7.5 0.4 15.00 — — —
X3 150X 6 60X 6 9.0 0.4 12.50 — — —
X4 150X 6 75X6 9.0 0.5 12.50 — — —
X5 150X 6 90X 6 9.0 0.6 12.50 — — —
X6 150X 6 60X 6 9.0 0.4 12.50 45 180 8
X7 150X 6 60X 6 9.0 0.4 12.50 60 180 8
X8 150X 6 60X 6 9.0 0.4 12.50 90 180 8
X9 150X 6 60X 6 9.0 0.4 12.50 45 120 8
X10 150X 6 60X 6 9.0 0.4 12.50 45 240 8
X11 150X 6 60X 6 9.0 0.4 12.50 45 180 10
X12 150X 6 60X 6 9.0 0.4 12.50 45 180 12
X13 150X 6 75X6 9.0 0.5 12.50 60 180 8
X14 150X 6 90X 6 9.0 0.6 12.50 60 180 8
X15 150X 4 60X 4 9.0 0.4 18.75 45 180 8
X16 150X'5 60X5 9.0 0.4 15.00 45 180 8
X17 150X 6 60X 6 7.2 0.4 12.50 45 180 8
X18 150X 6 60X 6 8.1 0.4 12.50 45 180 8
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Table 3 Parameters of steel microscopic fracture model

HAEKE L/ mm
TR 39 4A LR

7}71' 7H' 7 /1(‘\/<;M

Q345B 2.35 0.50 0.115 0.310 0.584
ER-50 2.70 0.55 0.040 0.141 0.289
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Fig. 9 Real stress-plastic strain curves of steel
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Fig. 16 Comparison of skeleton curves of unreinforced and backing plate reinforced X-shaped joints
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Table 4 Comparison of ductility coefficients of unreinforced and backing plate reinforced X-shaped joints

B , 2% 1L RS 1 2% ) [

=

T, JE IR AT JE IR AL A% MIRARE N PR AL A% . SEZE X

% 7l £ A %

#a 7 1) F,/kN d,/mm F,/kN 6,/mm SR A%
F(4+) 108.25 2.66 148.83 7.99 3.00

X1 3.23
E(—) 79.54 2.31 107.94 7.99 3.46
F(4+) 120.44 2.87 178.60 8.74 3.05

X2 3.30
E(—) 98.26 2.46 129.53 8.74 3.55
F2(+) 150.21 2.98 223.25 9.32 3.13

X3 3.37
E(—) 112.58 2.58 161.92 9.32 3.61
F(4+) 180.65 2.83 259.15 8.40 2.97

X4 3.26
JE(—) 158.76 2.36 186.23 8.40 3.56
F(+) 210.55 2.48 310.22 6.99 2.81

X5 3.09
E(—) 180.21 2.07 217.72 6.99 3.38
F(4+) 260.25 3.16 350.40 8.83 2.79

X6 3.07
E(—) 230.33 2.64 271.22 8.83 3.34
F(+) 266.65 3.11 350.72 8.68 2.79

X7 3.06
JE(—) 236.21 2.61 273.86 8.68 3.33
F(+) 268.32 3.08 358.04 8.53 2.77

X8 3.04
E(—) 240.12 2.58 286.96 8.53 3.31
F(4+) 251.22 2.72 342.08 7.07 2.60

X9 2.88
E(—) 219.32 2.24 263.12 7.07 3.16
F(+) 284.31 3.19 369.02 8.93 2.80

X10 3.08
JE(—) 248.24 2.65 285.87 8.93 3.37
F(4+) 291.24 2.78 381.03 7.53 2.70

X11 3.00
E(—) 254.36 2.29 326.54 7.53 3.29
F(4) 320.51 2.31 384.59 6.21 2.68

X12 2.95
E(—) 271.56 1.93 341.61 6.21 3.22
F(+) 280.64 2.90 380.44 6.61 2.28

X13 2.41
E(—) 260.35 2.61 317.17 6.61 2.53
B=(+) 340.67 2.73 426.53 6.08 2.23

X14 2.37
E(—) 280.54 2.42 350.22 6.08 2.51
F(4+) 130.24 2.75 206.92 7.64 2.78

X15 2.96
JE(—) 108.64 2.44 162.34 7.64 3.13
2 (4+) 198.23 2.91 280.14 8.09 2.78

X16 2.99
E(—) 180.25 2.53 226.65 8.09 3.19
F(4+) 245.31 3.06 311.26 7.32 2.39

X17 2.67
E(—) 216.32 2.48 260.87 7.32 2.95
F(+) 253.42 3.12 327.33 7.89 2.52

X18 2.80

E(—) 222.46 2.56 265.28 7.89 3.08
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