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A Study on the strength of the Bolted Joint & Pin Joint with Hole Clearance
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ABSTRACT

With the wide application of fiber-reinforced composite material in aero-structures and mechanical parts,
composite joint have become a very important research area because they are often the weakest sites in
composite structures. In this paper, the failure strengths of the bolted joint and pin joint which have variable
hole clearance were evaluated and compared. From the tests, the first failure loads of the bolted joint and pin
joint with 880 um hole clearance have decreased by 24.2 % and 51.3 % compared to those of joints with 0 (m
hole clearance, respectively. Also, the failure index of the joints were calculated by the finite element method
and compared with experimental results.
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Table 1 Material properties of carbon/epoxy composite material

Property Symbol Value
Elastic modulus in fiber-direction E; 125.5GPa
Elastic modulus in transverse directions E»E3 8.4GPa
Shear moduli in 1-2 and 1-3 planes G, Gi3 4.2GPa
Poisson's ratios Via, Vi3 0.309
Tensile strength in fiber-direction Xt 2168MPa
Tensile strength in transverse direction Yr 49MPa
Shear strength in 1-2 planes Siz, 98MPa
Shear strength in 1-3 plane Si3 98MPa

Table 2 Hole diameter and hole clearance

Clearance Hole diameter Nominal Pin & bolt
code Nominal (mm) Clearance (um) diameter (mm)
Cl 6.27 -50 6.32
C2 6.32 0 6.32
C3 6.4 80 6.32
C4 6.8 480 6.32
C5 7.2 880 6.32
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Fig. 1 Specimen geometry(all dimensions in mm).

Fg. 2 Tersile test of the joint specimen ; (2) bolted joint (b) pin joint.
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Fig. 3 Load - displacement curve ; (a) Bolted joint (b) pin joint.
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Fig. 4 Fractured composite joint ; (a) Bolted joint (b) Pinned joint.
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Fig. 6 Finite element model.
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Fig. 7 Boundary conditions.
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Fig. 8 Failure index distribution ; (a) Bolted joint (b) Pin joint.
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