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ABSTRACT: This paper predicted the strength of mechanical joint of composites under bending load by means of the
characteristic curve method. The method has been employed only for tensile and compression load conditions, but in
this study, this method was extended to the bending load condition. For the finite element analysis (FEA), the non-
linear analysis was conducted considering the contact and friction effects between composite material and pin. The
failure strength and mode on characteristic curve were evaluate with Tsai-Wu failure theory. To validate the results of
FEA, the experiments were conducted to find out the failure load by applying bending moment on the composite
specimens. The results showed reasonable agreements with theoretical results. These results lead to a conclusion that
the characteristic curve method can be applied to predict the bending strength of mechanical joint of composites.
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Fig. 1. Characteristic curve
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Fig. 2. Failure modes of mechanical joints
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Table 1. Material properties of USN-125
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Fig. 3. Geometry of model

Table 2. Geometry dimensions for the Specimens

Specimen
Diameter 9.53 mm
Width 19.00 mm
Edge-distance 13.40 mm
W/D 2.0
E/D 1.4

Property Symbol| Value
Elastic modulus in fiber-direction E, 131 GPa
Elastic modulus in transverse direction E,E; | 82GPa
Shear modulus in 1-2 and 1-3 planes G, Gy;| 45GPa
Shear modulus in 2-3 planes G,; | 3.5GPa
Poisson's ratio VizVis| 0281
v,s 0.47
Tensile strength in fiber-direction X" | 2000 MPa
Tensile strength in transverse direction e 61 MPa
Compression strength in fiber-direction X | 1400 MPa
Compression strength in transverse direction 130 MPa
Shear strength in 1-2 and 1-3 planes S8 | 70 MPa
Shear strength in 2-3 plane Sy 40 MPa

140 4.

/ Cure cycle (Target)
Cure cycle (System)

Temperature(°C)

<0 4

T T T T T T T

Time(min)

Fig. 4. Cure cycle of composites
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Fig. 5. Schematic drawing of tension test fixture
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specimen

Fig. 6. Schematic drawing of bending test fixture
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Fig. 10. (a) Loading and boundary conditions (Tension), (b)
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Table 3. Results of failure loads

Loading condition Failure load P
Tension 5.48 kN
Bending 1121 kN
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Fig. 11. (a) Net-tension failure of tension, (b) Net-tension failure
of bending
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Table 4. Experiment and FEM Failure load P

Failure load P
Error (%)
Experiments FEM
Tension 5.62 kN 5.48 kN -2.5
Bending 1.174 kN 1.121 kN 4.7
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