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Ultimate Behavior of High-Tension Bolted Joints Considering
Plate Thickness and Bolt Size
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Abstract

The ultimate behavior of high-tension bolted joints with various plate thickness and bolt size is investigated using nonlinear F.E.
analysis and experimental study. The relation with sliding load, bolt deformation, and failure modes are presented based on plate
thickness and bolt size. Three kinds of the bolt diameter(M20, M22, M24) and five types of the steel plates(12mm, 16mm, 20mm,
30mm, 40mm) are considered for the ultimate behavior of the bolted joints. The numerical model, constructed by commercial F.E.
program, ABAQUS, of ultimate behavior of holted joints is introduced and verified by experimental results. The force-displacement
and force-axial strain relations are measured and compared with the results by 3D finite element analysis.

Keywords : high-tension bolt, slip, ultimate behavior, steel friction, plate thickness, bolt size
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X 2 Dimensions of high-tension bolts (unit : mm)

Size Thickness | Length | Effective | Width | Height
(T) (L) length(S) (B) (C)
12 70 35
16 80 35
M20 20 110 35 18 35
30 140 40
40 170 45
12 80 40
16 90 40
M22 20 100 40 35 40
30 140 40
40 160 40
12 80 40
16 90 40
M24 20 100 50 40 45
30 140 50
40 160 50
¥ 3 Axial force of bolt
Bolt axial |Bolt axial | Average axial force
Division | Size fgzcsfng ffjrcsuzf (kN)
(kN) (kN) Min. Max.
M20 160 180 170 185
F10T M22 200 220 210 230
M24 235 260 245 270
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J% 5 Location of LVDT and strain-gauge
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(a) Shear failure of bolt

(b) Bearing failure of plate

a2l 7 Failure mode of bolted joint
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18 8 Symmetrical modeling for F.E.M
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E b Coefficient of friction

Bolt Size Bolt axial force Thickness Coefficient of

(kN) (mm) friction

12 0.167

16 0.167

M20 180 20 0.167
30 0.208

40 0.208

12 0.182

16 0.182

M22 220 20 0.182
30 0.216

40 0.216

12 0.202

16 0.202

M24 260 20 0.202
30 0.231

40 0.231

«4—— Slave surface
4 Master surface

a2l 10 Mechanical surface interaction with friction
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E 7 Comparison of Experimental and FEM results

. Yield State [Ultimate State
Thick- | Failure Load . .
Bolt Displacement | Displacement
. ness (kN)
Size (mm) (mm)

@™ FEM | Test | Bolt | Plate | Bolt | Plate
12 | 577.5|624.9|0.008 | 0.159 | 0.215 | 0.454
16 | 683.2]680.9|0.011|0.163| 0.318 | 0.664
M20| 20 |865.8|862.4|0.018(0.170 | 0.465 | 0.814
30 |1270.9| 848.110.161 | 0.312 | 0.499 | 0.653
40 |1328.0{856.4 | 0.185 | 0.336 | 1.224 | 1.367
12 1668.6 | 665.4|0.007 | 0.159 | 0.210 | 0.444
16 | 770.0 1 829.6 | 0.010 | 0.162 | 0.265 | 0.533

M22
20 1 960.7]953.1|0.015 | 0.167 | 0.424 | 0.799
40 |1581.0(1276.6| 0.178 | 0.329 | 1.318 | 1.460
12 | 757.41649.2| 0.006 | 0.158 | 0.240 | 0.431
16 | 881.1 |868.5|0.009 | 0.161 | 0.255 | 0.528
M24{ 20 |1155.4|1100.0| 0.009 | 0.161 | 0.395 | 0.791

30 11099.8|1158.8] 0.027 | 0.188 | 0.284 | 0.439
40 |1718.111152.7| 0.170 | 0.321 | 1.410 | 1.554
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