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Uniaxial Tension Bearing Capacity of
Q235B Steel Bolted Ball-Cylinder Joint

ZENG Qiang', GUO Xiaonong',
PENG Li*, CHEN Yu'

(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. Shanghai T&D Architechral Technology Co.,
Ltd., Shanghai 200092, China)

HUANG  Zewei',

Abstract: Based on the uniaxial tension experiments on
3 bolted ball-cylinder (BBC) joints, the finite element
(FE) models of the tension specimens were established
by using ABAQUS and were proved by comparing with
experimental results. Then 87 FE models were established
to analyze the influence parameters of the uniaxial tension
bearing capacity of the joint. Meanwhile, the ultimate
bearing capacity of the joint under uniaxial tension was
defined. The FE results indicate that with the drop of the
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diameter of the cylinder and the length of the chord
member, and the increase of the thickness of the cylinder
wall, the height of the cylinder, the spacing and the size
of the bolts, the bearing capacity of the joint increases.
The joints with rib stiffeners produce a better stiffness and
bearing capacity than ordinary ones. The insufficiency of
the screw-in length of high strength bolts will cause the
evulsion of bolts. Therefore, it is suggested that the screw-
in length of bolts should be larger than the bolt diameter.
Based on theoretical analysis, practical calculation
formulae for the bearing capacity of BBC joints under
uniaxial tension were proposed. The relative errors
between the fitting formulae calculations and the

numerical and experimental results are less than 10%.
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Fig. 1 Details of BBC joint
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Tab.1 Size of BBC joint specimens in Ref. [8]

—— D/ H/ t/ w,/ t/
mm mm mm mm mm
JD7 140 120 8
JD8 180 160 8
JD9 140 120 8 20 12
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Tab. 2 Material properties of models

. £ XN/ BN S/
AT & YRR B AE
MPa MPa
Jet IR A 215. 67 0.001 215.89 0.001
W 5, 449.73 0.194 536. 98 0.177
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Fig. 2 FE model of bolted ball-cylinder joint
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Fig. 3 Comparison of failure modes of JD7
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Fig. 4 Comparison of failure modes of JD8
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Fig. 5 Comparison of failure modes of JD9
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Fig. 6 Comparison of load-displacement curves
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Fig. 7 Step history curves of bolt forces
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Tab. 4 Dimensions of FE models for parametric studies

e D/ H/ ¢ H/ b/ & d &/ w) ) w/ i/ . D/ H/ ¢t H/ b/ t/ d t/ w) t) w/ t/

mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm
J1 100 90 8 8 40 3 12 14 30 5 J45 160 135 12 120 60 5 16 18 36 6
J2 100 110 8 100 50 4 14 16 30 5 J46 160 140 12 120 60 5 16 18 36 6
J3 100 130 8 120 50 5 16 18 36 6 J47 160 145 12 120 60 5 16 18 36 6
J4 120 90 10 80 40 3 12 14 30 5 J48 160 150 12 120 60 5 16 18 36 6
J5 120 110 10 100 50 4 14 16 30 5 J49 180 160 14 160 8 6 22 25 42 8
J6 120 130 10 120 50 5 16 18 36 6 J50 180 165 14 160 8 6 22 25 42 8
J7 140 110 12 100 50 4 14 16 30 5 J51 180 175 14 160 8 6 22 25 42 8
J8 140 130 12 120 50 5 16 18 36 6 J52 180 180 14 160 8 6 22 25 42 8
J9 140 150 12 140 60 5 20 22 42 8 J53 180 185 14 160 8 6 22 25 42 8
J10 160 130 12 120 60 5 16 18 36 6 J54 180 190 14 160 8 6 22 25 42 8
J11 160 150 12 140 70 5 20 22 42 8 J55 160 150 12 140 70 5 20 22 36 8
J12 160 170 12 160 80 6 22 25 42 8 J56 160 150 12 140 70 5 20 22 48 8
J13 180 130 14 120 60 5 16 18 36 6 J57 160 150 12 140 70 5 20 22 54 8
J14 180 150 14 140 70 5 20 22 42 8 J58 160 150 12 140 70 5 20 22 42 4
J15 180 170 14 160 8 6 22 25 42 8 J59 160 150 12 140 70 5 20 22 42 6
Ji6 100 90 6 8 40 3 12 14 30 S5 12 6 |/J60 160 150 12 140 70 S5 20 22 42 10
J17 100 110 6 100 50 4 14 16 30 S5 12 6 |/J61 18 150 14 140 70 5 16 18 42 8
JI8 100 130 6 120 50 5 16 18 36 6 12 6 |/J62 180 150 14 140 70 5 22 25 42 8
J19 120 90 &8 &8 40 3 12 14 30 5 15 8 ||/J63 180 150 14 140 70 5 24 27 42 8
J20 120 110 8 100 50 4 14 16 30 S5 15 8 ||J64 18 150 14 140 70 5 27 30 42 8
J21 120 130 8 120 50 5 16 18 36 6 15 8 ||J65 140 130 10 120 50 5 16 18 36 6
J22 140 110 10 100 50 4 14 16 30 5 18 10|/J66 140 130 10 120 50 5 16 18 36 6 6 10
J23 140 130 10 120 50 5 16 18 36 6 18 10|/J67 140 130 10 120 50 5 16 18 36 6 12 10
J24 140 150 10 140 60 5 20 22 42 8 18 10|/J68 140 130 10 120 50 S5 16 18 36 6 24 10
J25 160 130 10 120 60 5 16 18 36 6 18 10|/J69 140 13 10 120 50 5 16 18 36 6 18 6
J26 160 150 10 140 70 5 20 22 42 8 18 10|/J70 140 130 10 120 50 5 16 18 36 6 18 8
J27 160 170 10 160 8 6 22 25 42 8 18 10|/J7/1 140 130 10 120 50 5 16 18 36 6 18 12
J28 180 130 12 120 60 S5 16 18 36 6 20 12| J72 160 130 12 120 60 5 16 8 36 6
J29 180 150 12 140 70 5 20 22 42 8 20 12||J73 160 130 12 120 60 5 16 10 36 6
J30 180 170 12 160 8 6 22 25 42 8 20 12||J74 160 130 12 120 60 5 16 12 36 6
J31 120 130 8 120 50 5 16 18 36 6 J75 160 130 12 120 60 5 16 13 36 6
J32 140 130 8 120 50 5 16 18 36 6 Jr6 160 130 12 120 60 5 16 14 36 6
J33 160 130 8 120 50 5 16 18 36 6 Jr7 160 130 12 120 60 5 16 15 36 6
J34 120 90 8 80 40 3 12 14 30 5 J78 160 130 12 120 60 5 16 16 36 6
J35 120 90 12 8 40 3 12 14 30 5 J79 160 130 12 120 60 5 16 20 36 6
J36 120 90 14 8 40 3 12 14 30 5 J80 160 130 10 120 60 5 16 8 36 6 18 10
J37 120 100 10 100 50 4 14 16 30 5 J81 160 130 10 120 60 S5 16 10 36 6 18 10
J38 120 105 10 100 50 4 14 16 30 5 J82 160 130 10 120 60 5 16 12 36 6 18 10
J39 120 115 10 100 50 4 14 16 30 5 J83 160 130 10 120 60 5 16 13 36 6 18 10
J40 120 120 10 100 50 4 14 16 30 5 J84 160 130 10 120 60 5 16 14 36 6 18 10
J41 120 125 10 100 50 4 14 16 30 5 J85 160 130 10 120 60 S5 16 15 36 6 18 10
J42 120 130 10 100 50 4 14 16 30 5 J86 160 130 10 120 60 5 16 16 36 6 18 10
J43 160 120 12 120 60 5 16 18 36 6 Jg7 160 130 10 120 60 5 16 20 36 6 18 10
J44 160 125 12 120 60 5 16 18 36 6
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Tab. 5 Ultimate loads of different failure modes of FE models

i N,/ N,/ Fome/  Fure/ Ford/ o/ | me NS/ N,/ Fome/  Furs/ For/ /%
kN kN kN kN kN kN kN kN kN kN

J1 87.70 99.74 55.63 83.99 82.86  —1.36 || J45 163.00 184.14 108.52 168.93  169.98 0.62
12 120.00 116.36  69.65  100.75  96.14  —4.57 | J46  163.00 184.14 107.53 165.54  166.39 0.52
I3 163.00  143.22  88.47 122.64 113.15 —7.73 || J47 163.00 184.14 104.22 162.11 163.00 0.55
J4 §7.70  115.09  67.46  108.77 107.09 —1.54 | J48 163.00 184.14 102.34 157.53 159.79 1.44
J5 120.00  134.27  80.38  124.84 124.26 —0.46 | J49 315.00 309.45 185.67 279.23  283.87 1. 66
J6 163.00 163.68  97.25  145.87 145.48 —0.26 | J50  315.00 309.45 180.57 271.38  278.79 2.73
17 120.00  152.17  95.58  155.26 153.78 —0.95 | J51 ~ 315.00 309.45 180.26  262.42  269.34 2.64
I8 163.00  184.14 110.39 175.17 179.30 2.36 J52 315.00  309.45 175.89  258.45  264.93 2.51
J9  255.00 255.75 147.15 217.96 217.10 —0.40 || J53  315.00 309.45 178.14 254.51  260.70 2.43
J10 163.00  184.14  110.74 173.68 173.78 0.06 J54  315.00  309.45 174.54  250.58  256.66 2.42
JIT - 255.00  255.75 144.83  208.80  210.42 0.77 J55  2556.00  255.75 143.14  203.92

J12 315.00  281.32  168.28  228.82  229.51 0.31 J56  255.00  255.75 145.18  209.51

J13 163.00  204.60 129.43 212.61 208.59 —1.89 | J57  255.00 255.75 144.30  209.07

J14  255.00  281.32  155.90 244.46  251.16 2.74 J58  255.00  204.60 134.68 189.36  185.90 —1.83
JI5  315.00  309.45 182.41  268.02  273.95 2.21 J59  2556.00  230.17  138.94  197.47 198.46 0.50
J16  87.70 84. 40 50. 21 79.53 81.10 1.98 J60  255.00 281.32 150.97  221.32  221.85 0.24
J17° 120.00  98.46 60. 52 91.18 90.86  —0.35 | J61  163.00 225.06 135.53 227.51  235.93 3.70
J18  163.00 122.76  82.12  109.89 104.66  —4.75 || J62  315.00 309.45 177.78  253.85  257.96 1.62
J19  87.70 99.74 64.08  116.69 115.93 —0.65 || J63  367.00 337.58 202.09  260.19  264.34 1.59
J20 120.00 116.36  73.18  128.72  129.89 0.91 J64  477.00  379.78  245.47  268.64  273.21 1.70
J21 163.00 143.22  89.65  148.43  148.56 0.08 J65  163.00 163.68  96.18  136.64  140.40 2.75
J22 120.00 134.27  94.07 176.85 172.76 —2.31 | J66  163.00 163.68  97.20  147.58 135.66 —8.08
J23  163.00 163.68  108.19  196.29  196.55 0.13 J67  163.00 163.68 101.31 167.40 171.41 2.40
J24  255.00 230.17  141.32 237.80 233.89 —1.64 | J68 163.00 163.68 118.29 230.19 216.58 —5.91
J25  163.00 163.68  103.46  184.76  190.26 2.98 J69  163.00 163.68 102.56 174.01  181.39 4.24
J26 255.00  230.17  135.28  218.77  226.41 3.49 J70  163.00  163.68  105.14  185.33  189.77 2.40
J27  315.00  253.19  156.50  238.25  241.83 1.50 J71  163.00  163.68  110.61  206.25 202.26 —1.93
J28  163.00 184.14 128.66  237.73 237.19 —0.23 || J72 94. 94 93.50  —1.52
J29  255.00  255.75 154.18  270.66  280.33 3.57 J73 124.02  127.42 2.74
J30 315.00 281.32 171.44  291.11  299.42 2.85 J74 153.09  152.06  —0.67
J31  163.00 143.22  86.09  107.74  108.59 0.79 J75 162.17 167.41  —0.37
J32 163.00 143.22  85.34  102.36  105.08 2.66 J76 168.03  173.50 0.37
J33 163.00 143.22  84.13  103.37 102.27 —1.07 | J77 171.30  173.68  —0.25
J34  87.70 99.74 56.53 83. 66 79.51  —4.95 | J78 172.85 160.89  —0.78
I35 87.70  130.43  78.07  138.43 137.72 —0.51 || J79 174.12  171.62 0.19
J36  87.70  145.78  86.09  170.27 171.41 0.67 J80 178.87

J37 120.00  134.27  85.27  134.06 131.41 —1.98 | J81 179. 26

J38  120.00  134.27  82.52  129.04 127.70 —1.04 | J82 180. 29

J39  120.00 134.27  78.02  121.29 121.07 —O0.18 | J83 181.79

J40  120.00  134.27  76.39  118.62 118.08  —0.45 || J84 183. 20

J41 120.00  134.27  75.32  116.28 115.29  —0.85 | J85 184. 03

J42 120.00 134.27  74.01  114.43 112.67 —1.54 | J&6 184.51

J43 163.00 184.14  118.99 186.99 182.13 —2.60 | J&7 185. 08

J44  163.00 184.14 115.18 180.35 177.82 —1.40
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Tab. 6 Comparison of formulae calculations with

test results

Litﬁ: Fl—?x.max/kN Fu.l-fx/kN f Fu.kq/kN Kr/%
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JD9 186. 10 181. 36 1.000 172.272 —5.01
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