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Abstract: As a typical prefabricated joint, the traditional socket joint is used in large-span spatial grid structures. However,
due to its small bending stiffness, its application range is limited. Based on this, the traditional socket is
improved, and a sprayer joint with better bending performance is proposed. Firstly, the new sprayer joint is
designed, and the finite element simulation of the sprayer joint and the socket joint under pure bending is carried
out to compare their bending performance. Then, the influence of the radius of the surrounding bolt, the axial

compression and the axial tension on the bending performance of the sprayer joint is studied. Finally, the power
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function model of moment-rotation curve of the sprayer joint is established, and the curvature coefficient of the
model is obtained by simulated annealing algorithm. The relevant model parameters are determined by
multivariate nonlinear fitting method, and the power function model is evaluated. The results show that the initial
stiffness of the new sprayer joint is increased by 21.71 times, the ultimate bending moment is increased by 5.42
times, and the steel consumption is only increased by 15% compared with the traditional socket joint. With the
increase of the radius of the surrounding bolt, the initial stiffness of the joint increases slowly and the ultimate
bending moment increases significantly. With the increase of axial compression, the initial stiffness and ultimate
bending moment of the joint also increase gradually. Increasing the axial tension will significantly reduce the
initial stiffness and ultimate bending moment of the joint. When the axial tension reaches a certain value, the joint
will appear obvious bolt necking in advance. The axial force has a great influence on the failure mode of the joint.
The power function model can well fit the actual moment-rotation curve of the joint, and the characteristic
parameters and their influence coefficients of the power function model are well fitted. The conclusions can
provide references for the actual engineering design and calculation of the joint.

traditional socket joint;

new sprayer joint; bending performance; failure mode; power function model; simulated

annealing algorithm
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Fig. 1 Comparison of joint force transmission mechanisms
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Fig. 2 Stress-strain curves of various components in socket joint and new sprayer joint
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joint (unit:mm)
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Fig.4 Refined finite element model of the new sprayer joint
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Fig. 8 Stress contours of sprayer joints with different

surrounding bolt radii (unit: MPa)
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Table 1 The initial stiffness and ultimate bending
moment of sprayer joints with different

surrounding bolt radii
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Fig.9 Bending moment-rotation curves of sprayer joints under different axial compressive forces

x2 AREMEENEATELXT BB REMRREEE
Table 2 The initial stiffness and ultimate bending moment of sprayer joints under different axial compressive forces
BAE NN (o | R NN (| B N ()
M7 100 5215 25.46 M8 100 5200 29.19 M9 100 5249 33.35
M7 200 5470 27.76 M8 200 5436 31.18 M9 200 5468 34.96
M7 300 5 687 29.82 M8 300 5637 32.95 M9 300 5659 36.43
M7 400 5 868 31.66 M8 400 5 804 34.45 M9 400 5822 37.65
M7 500 6017 33.22 M8 500 6 275 35.70 M9 500 5956 38.56
M10 100 5 283 37.22 M1l 100 5262 40.92 M12 100 5919 45.09
M10 200 5503 38.38 M11 200 5467 41.83 M12 200 4578 45.40
M10 300 5693 39.53 MI11 300 5649 42.47 M12 300 4 055 45.34
M10 400 5856 40.42 MI11 400 5803 42.79 M12 400 3954 45.21
M10 500 5990 40.99 Ml11 500 5929 42.78 M12 500 3606 44.71
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Fig. 10 Mises stress contour of M8 specimen under different axial compressive froces (unit: MPa)
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Fig. 11 Bending moment-rotation curves of sprayer joint under different axial tensile froces
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Table 3 The initial stiffness and ultimate bending moment of sprayer joint under different axial tensile forces
RAE NN () (| NN (| NN )

M7 100 4579 20.09 M8 100 4615 24.59 M9 100 5249 29.69
M7 200 4198 16.98 M8 200 4262 21.99 M9 200 5468 27.62
M7 300 3777 13.58 M8 300 3872 19.41 M9 300 5659 25.35
M7 400 3307 9.87 M8 400 3447 16.23 M9 400 5822 22.86
M7 500 2782 7.22 M8 500 3026 12.79 M9 500 5956 20.15
M10 100 4761 34.74 M11 100 4774 39.04 M12 100 5919 43.35
M10 200 4453 33.47 M11 200 4 489 37.93 M12 200 4 578 42.38
M10 300 4114 32.07 M11 300 4174 36.77 M12 300 4 055 41.27
M10 400 3747 30.64 M11 400 3836 35.29 M12 400 3954 40.05
M10 500 3352 29.24 MI11 500 3472 33.95 M12 500 3606 38.68
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different axial tensile forces (unit: MPa)

4 BAATREE-HAHLHFEENET
41 TWEHRE

5 05 I A e MR 1 17 5 SOk (18] R g
PR AR A AT

g=—+ (3)

S A AR A A R TR S8, T T R pR RO R
(4 1285 M, o A B 25 6 0 5 K R 71 A IR0 R I 2 . 7 PR
R B i 2 5V i 4 AL 5 B T R A AR A
bl , 5 PR BSORSE A T T A R S B0 D T ) R T A % i
AT R R S - i 2k

P 13 M A= SC LA s 0 3 B s Sk oA 1 A -
Fr 2R B T R BOREAY  NIE[ Tl LUE RS A AR AL,
i £ i 5Bl 2 B8 5 LA N,=100 kN F B9 M10 5 &5 g 4],
2R R A A=1.05 B, A o FIORE 750 150K5 200 £0 455 780 17 Ji7 s 25
I A MW 5 d5c i L 32 MR R BOT 19 5 R B B FR Sy
e R AR . s (3) MR 13 0] LU L, Bl M, F1
KB A4k, 5t 8 ok BB 8D 14 il 28 3R B A B =2 ik A i 2
7 AN [R) JE] PSR 2 A5 R A 48 T 00T A AR s Sk T R
PRI 0 TR (1 S B 0 R R ARA

— NI
(=]

R/ (kN-m)

OO Om
aNxoo

0 0.05 0.10 0.15 0.20 0.25
% fy / rad

13 BRYPRBTEE

Fig. 13 Power function model diagram
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Table 4 The influence coefficient of initial stiffness and ultimate bending moment of power function model
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Fig. 14 Fitting surface diagram of influence coefficients

of initial stiffness and ultimate bending moment
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Table 5 Curvature coefficient of power function model

M7 M8 M9 M10 M1l MIl2 M7 M8 M9 M10 M1l Ml2
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N,=200 kN 1.41 1.33 1.28 1.21 1.18 1.07 N=300 kN 1.42 1.39 1.21 1.2 1.04 1.02
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Fig. 16 Comparison of bending moment-rotation curves between power function model and numerical simulations
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