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Abstract

In this study we proposed a simplified finite element model of anchor bolt system inserted through concrete structures considering
clamping forces. The three different finite element types using LS-DYNA are applied for numerical efficiency of the anchor bolt
modeling. Combined beam and solid elements are used to reflect the tension state at internal part of anchor bolt due to torques. The
clamping forces due to torques are considered by introducing a compression for a nut plane modeled by beam elements. The
numerical examples show good agreement with different element types. Parametric studies are focused on the various effects of
different element types on the induced axial and shear forces of anchor bolts considering clamping forces.
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Fig. 1 An example of bolt joint with forces and
stresses(Narkhede et al., 2011)
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(a) Bolted joint modeling with beam element
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(b) Bolted joint modeling with solid element

Fig. 2 Typical modeling technique for a bolt joint
(Narkhede et al., 2011)
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Fig. 3 Procedure for finite element structural analysis
considering clamping force
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Table 1 Material and element types of LS-DYNA for Table 2 Analysis cases
the bolt model in Fig. 2(a) . Clamping | External
Case Model Weight
. Element type/ force Force
Component Material )
Thickness Case 1 0 0 X
1 MAT24 SHELL, ELFORM Case 2| Model I 0 0 0
2 SHELL, ELFORM Case 3 0] 0 X
3 MAT100 BEAM, ELEFORM Case 4| Model II o 0 o
4 SDMAT6 CONTACT SPRING Case 5 0 0 X
5 MAT20 SHELL, ELFORM Case 6| Model III 0 0 0
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Fig. 5 Three different finite element models and loading condition of anchor bolts considering clamping forces
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(a) Deformed shape
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(b) Displacement for increased time
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Fig. 6 Displacements and stress resultants(Model |)
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Table 3 Displacements and stress results for each

case of three models

Displace . Shear

Case | Model Stress ment Axial force force
(Module) (Post tip) (Bolt) (Bolt)

Case 1| Model [180.0MPa - 32kN 0.5kN
Case 2 1 526.4MPa| 261.8mm | 100kN 83kN
Case 3| Model | 8.4MPa - 1kN 0.4kN
Case 4 1T 532.9MPa| 282.2mm 40kN 52kN
Case 5| Model | 27.2MPa - 50kN 0.4kN
Case 6 IIT  |526.5MPa| 264.0mm | 100kN 80ton
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Fig. 8 Displacements and stress resultants(Model [lI)
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Table 3 Displacements and stress results for each case

of three models

Location | Allowable | Axial Shear Axial Shear
of anchor| force force force stress force
bolts (kN) (kN) (kN) (MPa) | (MPa)
Ul 57.8 37.0 219.7 75.2
u2 127.3 21.1 518.0 51.3
U3 123.1 21.5 190.0 42.1
u4 140 57.5 38.1 247.3 89.1
L1 28.1 19.5 72.7 38.1
L2 41.9 10.5 164.8 21.7
L3 43.1 9.6 107.8 22.8
L4 29.2 19.1 54.0 47.8
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