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Bolt joints are applied especially in equipment with severe temperature change

Received 13 March 2018 during the operating. A change in the initial axial force of the bolt due to the
Revised 23 AP?I 2018 dissimilar material of the members causes the performance deterioration of the
Accepted 27 April 2018 equipment. The variation in the bolt axial force is influenced by the member
stiffness. Many have studied the method of calculating the member stiffness in a
Keywords: bolt—nut joint. The studies have shown the same result for calculating the member
Bolted Jomht stiffness in bolt joints. Bolts of sizes M4 to M8, and the thickness and material of
Member stiffness various members were considered in the case study. Through finite element
FEA analysis, the analytical solution of member stiffness is calculated. An equivalent
Contact pressure cone model is used to calculate the theoretical solution. The analytical
result and theoretical solution were almost equal. Additionally, we proposed a
formula to calculate the member stiffness relatively easily in various cases.
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Table 1 Mechanical properties of materials
. Modulus of elasticity . s . Coefficient of thermal Density
Material [N/mm] Poisson’s ratio expansion [C"] [kg/mm’] Part
Magnesium alloy[Ma] 45,000 0.35 2.6E-05 1800
Aluminum alloy[Al] 7,100 0.33 2.3E-05 2770
Member plate
Copper alloy[Cu] 110,000 0.34 1.8E-05 8300
Stainless steel{STS} 193,000 0.31 1.7E-05 7750
Structural steel 200,000 0.3 1.2E-05 7850 Tapped thread plate
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Table 2 FEA results of member stiffness
Geometry b Geometry i
Bolt diameter, Material of Thickness of . FEA Bolt diameter, Material of Thickness of ik
(MN/mm) (MN/mm)
(mm) member member (mm) (mm) member member (mm)
4 0.3941 6 0.5588
M . 8 03154 M um 12 0.4667
agizs i 12 0.2871 a‘:’ﬁzs . 18 0.4395
Y 16 02724 Y 24 0.4267
20 0.2655 30 0.4160
4 0.4771 6 0.6816
. 8 0.3903 . 12 0.5717
Ah:l‘ll(l)num 12 03577 Ali?;“”m 18 0.5387
y 16 0.3407 v 24 0.5213
20 0.3335 30 0.5096
Mé 4 0.5772 M6 6 0.7953
Copper 8 0.4791 Copper 12 0.6763
alf: 12 0.4424 aﬁ’f 18 0.6413
Y 16 0.4260 Y 24 0.6195
20 0.4165 30 0.6083
4 0.7015 6 1.0515
Stainless 8 0.5956 Stainless 12 0.9094
steel 12 0.5575 steel 18 0.8523
16 0.5303 24 0.8112
20 0.5246 30 0.8062
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Table 2 FEA results of member stiffness (continued)

Geometry k Geometry i

Bolt diameter, Material of Thickness of ‘m, FEA Bolt diameter, Material of Thickness of 'm FEA
(MN/mm) (MN/mm)
(mm) member member (mm) (mm) member member (mm)
5 0.4691 8 0.7540
Magnesium 10 0.3908 Magnesium 16 0.6262
alloy 15 0.3579 alloy 24 0.5898
20 0.3442 32 0.5727
25 0.3371 40 0.5574
5 0.5864 8 0.9191
Aluminum 10 0.4980 Aluminum 16 0.7813
alloy 15 0.4618 alloy 24 0.7276
20 0.4509 32 0.7042
25 0.4406 40 0.6911
M5 5 0.7127 M8 8 1.1162
Copper 10 0.6122 Copper 16 0.9236
alloy 15 0.5783 alloy 24 0.8655
20 0.5660 32 0.8363
25 0.5538 40 0.8152
5 0.8652 8 1.4153
. 10 0.7664 . 16 1.2308
St:;ifss 15 0.7456 St:i::;’ss 24 11603
20 0.7454 32 1.0986
25 0.7261 40 1.0961
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Table 3 Measured °, Theoretical results of member stiffness difference of theoretical versus FEA member stiffness

Geometry Geometry
Bolt Material | Thickness of i K, Theory | Difference | Bolt Material | Thickness of . k.. theory | Difference
diameter, of member 7 (MN/mm) (%) diameter, of member 7 (MN/mm) (%)
d (mm) | member L (mm) d (mm) | member L (mm)
4 322 | 03811 328 6 3] 0.5565 0.42
Maenes 8 336 | 03108 147 Maoncs 12 332 | 04611 121
agnestum 12 34 | 02854 057 agnestum 18 337 | 04243 3.45
alloy alloy
16 342 | 02724 0.02 24 34 | 04060 4.84
20 344 | 02651 0.15 30 342 | 03951 5.03
4 22 | 04774 0.06 6 21 0.6954 2.03
A 8 255 | 03894 023 A 12 253 | 0.5805 1.55
urnum 12 267 | 03590 038 uminum 18 268 | 0.5403 0.29
alloy alloy
16 273 | 03432 0.75 24 275 | 05184 057
v 20 279 | 03363 0.85 M6 30 28 0.5062 0.67
4 127 | 05762 0.17 6 105 | 0.8090 1.72
. 8 182 | 04777 029 c 12 167 | 0.679% 0.50
opper 12 206 | 0.4506 1.87 opper 18 187 | 0.6290 1.92
alloy alloy
16 22 | 04394 3.13 24 198 | 0.6044 2.44
20 228 | 04315 3.62 30 204 | 05875 3.42
4 3 0.7237 3.16 6 2 1.0396 1.13
Stainl 8 101 | 0.6087 2.20 Stainl 12 85 | 0.8458 7.00
auess 12 125 | 05626 091 auess 18 112 | 0.7904 726
steel steel
16 14 | 05452 2.80 24 124 | 07525 723
20 15 | 05364 224 30 136 | 07476 726
5 31.6 | 0.4700 021 8 3203 | 0.7594 0.71
Maoncs 10 334 | 0.3864 1.14 Maoncs 16 335 | 0.6199 1.01
agnestum 15 339 | 03557 0.60 agnestum 24 343 | 05760 233
alloy alloy
20 342 | 03405 1.08 32 34.66 | 05527 3.49
25 344 | 03314 1.72 40 3483 | 05376 3.55
5 22 | 05938 126 8 21.83 | 0.9462 2.95
A 10 256 | 0.4881 1.98 A 16 259 | 0.7880 0.86
mimnum 15 273 | 04576 091 uthinum 24 27 0.7251 034
alloy alloy
20 28 | 04394 257 32 279 | 0.7006 0.52
S 25 287 | 04323 1.90 g 40 2823 | 0.6804 1.55
5 127 | 07202 1.05 8 13.07 | 1.1647 435
. 10 184 | 0.6013 1.78 . 16 191 | 09853 6.69
opper 15 206 | 0.5633 2.59 opper 24 206 | 09013 4.14
alloy alloy
20 2 | 05492 297 32 215 | 08620 3.08
25 26 | 05352 336 40 24 | 0849 422
5 32 | 09122 5.43 8 261 | 14235 0.58
Stainl 10 101 | 0.7609 0.72 Stainl 16 934 | 1.1748 4.55
auess 15 127 | 07101 4.76 auess 24 116 | 1.0758 7.29
steel steel
20 145 | 0.6985 6.29 32 12.86 | 1.0283 6.40
25 155 | 0.6875 539 40 1376 | 1.0054 827
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