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Numerical Study on Flexural Behavior of Bolted Ball-cylinder Joint
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(1. College of Civil Engineering, Tongji University ,Shanghai 200092, China;
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Abstract: In order to investigate flexural behaviors of the bolted ball-cylinder (BBC) joint, based on 2 tests on
joints under one—way bending moment, finite element (FE) model was developed in ABAQUS. Failure modes, bolt
internal forces as well as the load —displacement curves of the joints were obtained. By comparison, it was found that
the numerical results agreed well with the experimental results,verifying the reliability of the FE model.
Subsequently, joint model under bending moment was simplified and the mechanical behaviors of joint under positive
and negative moments were discussed. In the parametric study,46 FE models were established to investigate the
effects of different parameters on flexural behaviors of the BBC joint. The results indicate that increasing the diameter
and thickness of the hollow cylinder can improve the flexural behavior of the BBC joint significantly; while the bearing
capacity and stiffness of the BBC joint increase with the increase of rectangular tube width , washer thickness, size and
interval of the bolts, and the effects will be more obvious when positive moment is applied to the joint. Besides, the
ribbed stiffness can improve flexural behavior of the BBC joint greatly.
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Fig.1 Configurations of the specimen
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Tab.1 Dimensions of BBC joint specimens
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Fig.3 FE models of bolted ball-cylinder joint
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Tab.3 Setting of contact pairs of FE models
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Fig.7 Internal force of the bolts—step time curves
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Tab.4 Dimensions and bearing capacity of FE models for parametric studies

il rvGE Hoxbxt/ WE  w t e w0, t, Suip Siian Mo, M,
e e {(mmxmmxmm) B# /mm  /mm /mm /mm /mm AkNe-merad?) /(kN-merad?) /(kN-m) /(kN-m)
1 LZ100-130-8  120x50x5 2M16 36 6 60 — — 11509 12141 5811 6.625
2 LZI20-130-8  120x50x5 2M16 36 6 60 — — 860.9 924.0 5.085 5.900
3 LZ140-130-8  120x50x5  2M16 36 6 60 — — 739.6 786.5 4727 5722
4 LZ160-130-8  120x50x5 2M16 36 6 60 — — 644.6 719.2 4547 5.753
5 LZ160-120-12  120x60x5 2M16 36 6 60 — — 1267.0 1397.7 8.605 10.556
6  LZ160-125-12 120x60x5 2M16 36 6 60 — — 13940 1389.0 8.528 10.476
7 LZ160-130-12  120x60x5 2M16 36 6 60 — — 13500 1369.7 8.461 10.283
8  LZ160-135-12  120x60x5. 2M16 36 6 60 — — 13302 1 406.6 8.440 10211
9 LZ160-140-12 120x60x5 2M16 36 6 60 — — 1360.3 13261 8.428 10.165
10 1Z160-145-12 120x60x5 2M16 36 6 60 — — 13443 13823 8.430 10.168
11 LZ160-150-12 120x60x5 2M16 36 6 60 — — 1303.0 13519 8.419 10.093
12 1Z120-90-8  80x40x3  2M12 30 5 40 — — 380.9 4054 2668 3320
13 LZ120-90-10  80x40x3  2M12 30 5 40 — — 543.4 580.4 3.562 4.453
14 1Z120-90-12  80x40x3  2M12 30 5 40 — — 726.1 8258 4.459 5.635
15 LZ120-90-14  80x40x3  2MI12 30 5 40 — — 956.6 1075.1 5239 6.269
16 LZ140-110-12  100x30x4 2M14 30 5 50 — — 922.7 10512 5715 7.327
17  LZ140-110-12  100x40x4 2M14 30 5 50 — — 963.8 11302 6.017 7.549
18 LZ140-110-12 100x50x4  2M14 30 5 50 — — 10194 11753 6.339 7.665
19  LZ140-110-12  100x60x4  2M14 30 5 50 — — 11095 11783 6.644 7.726
20 1Z140-110-12  100x70x4 2MI4 30 5 50 — — 12409 11822 6.882 7.699
21 LZ140-110-12  100x80x4 2M14 30 5 50 — — 12162 12288 7.077 7.731
22 LZ160-150-12  140x70x5 2M20 36 8 70 — — 19755 19987 12.109 14.017
23 LZ160-150-12  140x70x5 2M20 42 8§ 70 — — 1998.1 2 096.5 12.154 14318
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5= e (mmxmmxmm) 48#  /mm /mm /mm /mm /mm /(kN-m<rad?) /(kN'm-rad’) /(kN'm) /(kN-m)
24 LZ160-150-12 140x70x5 2M20 48 8 70 — — 2 003.9 2120.2 12.206 14.424
25 LZ160-150-12 140x70x5 2M20 54 8 70 — — 2 005.0 21127 12.222 14.415
26 LZ160-150-12 140x70x5 2M20 42 4 70 — — 18753 1 835.7 11.448 12.925
27 LZ160-150-12 140x70x5 2M20 42 6 70 — — 19315 1913.1 11.799 13.529
28 LZ160-150-12 140x70x5 2M20 42 10 70 — — 2 045.6 2 138.0 12.532 15.132
29  LZ180-150-14 140x70x5 2M16 42 8 70 — — 19452 2 200.8 13.237 16.430
30 LZ180-150-14 140x70x5 2M20 42 8 70 — — 23777 2 330.7 14.413 17.395
31 LZ180-150-14 140x70x5 2M22 42 8 70 — — 24177 2 408.2 14.890 17.945
32 LZ180-150-14 140x70x5 2M24 42 8 70 — — 25375 2 569.7 15.244 18.261
33  LZ180-150-14 140x70x5 2M27 42 8 70 — — 2 548.0 2 639.3 15.803 18.648
34 LZ140-150-12 140x60x5 2M20 42 8 50 — — 19994 2 364.6 10.689 13.811
35 LZ140-150-12 140x60x5 2M20 42 8 60 — — 2 002.9 23012 11.577 14.266
36 LZ140-150-12 140x60x5 2M20 42 8 70 — — 2 264.0 2 326.1 12.382 14.683
37  LZ140-150-12 140x60x5 2M20 42 8 80 — — 24623 23543 13.163 14.850
38 LZ140-150-12 140x60x5 2M20 42 8 90 — — 2 5457 24491 14.075 14.808
39  LZ140-130-10 120x50x5 2M16 36 6 60 — — 9743 10921 6.537 8.003
40  LZ140-130-10 120x50x5 2M16 36 6 60 6 10 1195.0 12739 7.370 8.505
41 LZ140-130-10 120x50x5 2M16 36 6 60 12 10 1832.0 2 082.0 8.278 9.461
42 LZ140-130-10 120x50x5 2M16 36 6 60 18 10 2 414.9 2 818.0 9.212 10.442
43 LZ140-130-10 120x50x5 2M16 36 6 60 24 10 30373 3 246.2 10.081 11.068
44 LZ140-130-10 120x50x5 2M16 36 6 60 18 6 20173 23529 8.343 9.678
45  LZ140-130-10 120x50x5 2M16 36 6 60 18 8 2 065.5 2 589.6 8.816 10.090
46  LZ140-130-10 120x50x5 2M16 36 6 60 18 12 23999 2 789.8 9.574 10.734
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Fig.15 Influence of the outside diameter of hollow cylinder
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Fig.16 Influence of the hollow cylinder height
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Fig.17 Influence of the hollow cylinder thickness
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Fig.18 Influence of the rectangular tube width
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Fig.19 Influence of the convex washer width
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Fig.20 Influence of the convex washer thickness
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Fig.21 Influence of the bolt size
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Fig.22 Influence of the bolt interval
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Fig.23 Influence of the ribbed stiffener width
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