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A Property of Crack Propagation at the Specimen of CFRP with Layer Angle
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Abstract: CFRP is the composite material manufactured by the hybrid resin on the basis of carbon fiber. As this
material has the high specific strength and the light weight, it has been widely used at various fields. Particularly, the
unidirectional carbon fiber can be applied with the layer angle. CFRP made with layer angle has the strength higher
than with no layer angle. In this paper, the property of crack growth due to each layer angle was investigated on the
crack propagation and fracture behavior of the CFRP compact tension specimen due to the change of layer angle. The
value of maximum stress is shown to be decreased and the crack propagation is slowed down as the layer angle is
increased. But the limit according to the layer angle is shown as the stress is increased again from the base point of the
layer angle of 60°.This study result is thought to be utilized with the data which verify the probability of fatigue
fracture when the defect inside the structure at using CFRP of mechanical structure happens.
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Fig. 1 Dimensions of compact tension specimen

Fig. 2 Simulation condition of specimen
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Table 1 Property of material

Material Unidirectional carbon
Density(kg/m’) 1.57
Young's Modulus XY (MPa) 1.32E+5
Young's Modulus XZ(MPa) 8980
Young's Modulus YZ(MPa) 8980
Poisson's Ratio XY 0.3
Poisson's Ratio XZ 0.74
Poisson's Ratio YZ 0.3
Shear Modulus XY (MPa) 50769
Shear Modulus XZ(MPa) 2580.5
Shear Modulus YZ(MPa) 50769

0.3mm * 18sheets
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Fig. 4 Finite element method applied at the analysis
model
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C: Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress (Analysis Ply=P1L2_ModelingPly.1) - Top/Battom
Unit MPa
Time: 1

16949 Max
15254
1356
11865
1007
84751
67.808
50854
33906
16958
0.0099365 Min

Fig. 5 Equivalent stress at the layer angle of 30°

€: Static Structural
Shear Stress

Type: Shear Stress(xY Plang) (Analysis Ply=P1L1_ModelingPly.1) - Top/Bottom
Unit MPz

Global Coordinate System
Time: 1

27.933 Max
22007
1608
10154
42217
-1.6986
-76249
-13551
-19478
-25.404 Min

Fig. 6 Shear stress at the layer angle of 30°

C: Static Structural
Strain Energy

Type: Strain Energy
unit: mJ

Time: 1

0.32771 Max
02913
025489
021848
018206
014565
0.10924
0072825
0036413
L60T6e-8 Min

Fig. 7 Deformation energy at the layer angle of 30°
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H: Static Structural
Equivalent Stress
Type. Equivalent tvon-Mises) Stress (Analysis Ply=P1L2_ModelingPly.1) - Top/Bottom
Unit MPa
Time: 1

18677 Max
16879
. 15281
L] 1555
Ll 11686
101 88
84,902
. 67.924
L 516
. 33968
1698
0.012214 Min

Fig. 8 Equivalent stress at the layer angle of 45°

H: Static Structural
Shear Stress

Type: Shear Stress(XY Plang) (4nalysis Ply=P1L1_ModelingPly.1) - Top/Bottom
Unit: MPa

Global Coordinate System
Time: 1

21.713 Max
21545
15378
9.2097
3.0418
-3126
92939
-15482
-2163
-21.797 Min

Fig. 9 Shear stress at the layer angle of 45°

H: Static Structural
Strain Energy

Type Strain Energy
unit: rn)

Tirme: 1

0.32166 Max

028592

= 025018
021444

= 01787

. 014296
010722

L 0.071481

0035741

2.6855¢-8 Min

Fig. 10 Deformation energy at the layer angle of 45°
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G: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress (Analysis Ply=P1L2_ModelingPly.1) - Top/Bottom
Unit: MPa

Time: 1

104,49 Max
92883
81273
69.664
58.055
46445
34836
23227
11618
0.0082138 Min

Fig. 11 Equivalent stress at the layer angle of 60°

G: Static Structural
Type: Shadr Stress(cY Plan) (Analysis Ply=P1L1_ModelingPly 1) - Top/Bottom
it MPa

unit
Glabal Comdinate Systen
Time 1

0.27919 Max
024817
021715
018613
015511

638639 Min

Fig. 13 Deformation energy at the layer angle of 60°

J: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress (Analysis Ply=P1L2_Modeling®ly.1) - TopBottom
unt MPa
Tina: 1

169.49 Max
15254
1356
11865
1007
84751
67803
50854
32906
16958
0.0099265 Min

Fig. 14 Equivalent stress at the layer angle of 75°
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J: Statk Structural

Shear Stress

Type: Shear Stress(ay Plane) (Analysis Ply=P1L1_ModelingPly 1) - Top/Bottorn
Unit: MPa

Global Coordinate System

43,548 Max
33873
= 24188
H 14523
g #8478
B .as272

-14.502
24177
-33852
-43.527 Min

Fig. 15 Shear stress at the layer angle of 75°

J: Static Structural

train Ener
Type Strain Energy
Unit: mJ
Time 1

L2571 Max
11174
097776
083808
06984
055872
041904
027936
013968
3.9597e-9 Min

Fig. 16 Deformation energy at the layer angle of 75°
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Fig. 17 Comparison of maximum equivalent stress and
shear stress due to each layer angle
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Fig. 18 Comparison of deformation energy due to each
layer angle
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