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Failure Strength of the Composite Mechanical Joint according to the

Stacking Angle

Dae-Hyeon Jo*, Cheol-Hwan Kim*, Jin-Ho Choi*"

ABSTRACT: Generally, joints are the weakest part in the composite structures. Composite joints can be classified into
adhesive joints and mechanical joints, and mechanical joints are mainly used in areas less sensitive to environmental
conditions. In this paper, the failure loads of composite mechanical joints with five different stacking angles are tested
and predicted. Finite element analysis of mechanical joints were performed and failure loads were predicted by the
FAI(Failure Area Index) method using Tsai-Wu and Yamada-Sun failure criteria, and the predicted failure loads were
compared with experimental results. From the experiment and analysis, the failure loads of the mechanical joints were
decreased as the ratio of 0 degree layer was low and they could be predicted within 13.03% using the FAI method and
Yamada-Sun failure criteria.
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Fig. 1. Geometry of the mechanical composite joint

Table 1. Dimensions of the test specimens

I d e w
[mm] | [mm] | [mm] | [mm] e/d w/d
W2 120 9.53 23.83 19.06 2.5
w4 120 9.53 23.83 38.12 2.5 4

Table 2. Stacking sequence and degree of the test specimens

Ratio of Stacking degree [%]
Stacking Sequence

0° +45° 90°
P1 [0,/45/-45/0,), 75 25 0
P2 [0,/45/-45/90/0,]; 62.5 25 12.5
P3 | [0,/45/-45/90,/0,), 50 25 25
P4 | [0,/45/-45/90,/0], 37.5 25 37.5
P5 [0/45/-45/90, /0], 25 25 50

Table 3. Material properties of SK carbon/epoxy composite material

Property Symbol Value

Elastic modulus in fiber-direction E, 131 GPa
Elastic modulus in transverse directions E,E, 8.2 GPa
Shear modulus in 1-2 and 1-3 plane G Gy;| 4.5GPa
Shear modulus in 2-3 plane Gy, 3.5GPa

. y . Vi V 0.281
Poisson’s ratio '323” 047
Tensile strength in the fiber direction X 2000 MPa
Tensile strength in transverse direction Y. 61 MPa
Shear strengths in 1-2 and 1-3 planes S1» 85| 70MPa
Shear strength in 2-3 plane Sy 40 MPa

Temp. w— Pressure

5 bar
125°C

Dwell for 90min

Demold below
80°C

R.T.

Time (min)

1 bar

Vacuum

Fig. 2. Cure cycle of the composite materials
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Steel Plate

Fig. 3. Jig for a joint test

Fig. 4. Tensile test of the composite joint specimen
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Fig. 5. Force-displacement curves of the joint specimens
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Fig. 6. Failure load of the joint specimens
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Table 4. Failure loads and fracture modes of the joint specimens

Failure Load .
Case (kN] Failure Mode

W2-P1 7.336 B,S

W2-p2 7.080

W2-P3 6.613 - B,N

W2-P4 6.494 B,N

W2-P5 6.443

W4-P1 7.239 B,S

W4-p2 7.337 B,S

W4-P3 7.370 B,S

W4-P4 6.741 B,S

W4-P5 6.540 B,S

Z

*B : Bearing failure, N : Net tension, S : Shear out. ‘
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Fig. 7. Finite element model of the pin joint
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(a) Tsai-Wu

(b) Yamada-Sun

Fig. 8. Maximum failure index
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