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Experimental and numerical investigation of interlayer fracture

continuous fiber thermoplastic composite in mixed mode (1/11)
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Today, composite materials are widely used in various industries due to their unique properties. In the

: meantime, considering the special application of thermoplastic composites, especially in the aerospace

Fracture, Mixed Mode (/1. industry, the mechanical properties and fracture behavior of these materials should be evaluated. One of
the important processes in the production of thermoplastic composite parts is the HOT PRESS production

process. Considering the high durability of these materials and the type of place of use, in addition to

examining the mechanical properties, the failure and fatigue life of these materials should also be examined.

In this paper, the main goal is to investigate the mechanical properties and failure behavior of the mixed

mode (I/I) in the Glass/PP continuous fibers composite. For this purpose, Glass/PP continuous fiber

composite was made by HOT PRESSING method. Then, using experimental methods, the composite mode

failure behavior (I/Il) of this material was evaluated using the fabricated MMB fixture. Finally, the

experimental and analytical values of stress intensity coefficients and fracture energy in the mixed mode

(1/11) will be reported.
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Fig. 13 Indication of crack growth in the composite sample using the
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crack growth showing glass fiber bridging.
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Fig. 17 mixed mode test diagram for sample B1
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Fig. 18 mixed mode test diagram for samples A, B, C, and E under
identical conditions
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Fig. 15 Force-displacement diagram for the sample: a) Along the fibers,
b) Perpendicular to the fibers, and c) At a 45-degree angle.
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Table 2 Mechanical properties obtained from experimental results [20]

E11 (GPa) 195
E,, (GPa) 3.56
Ea3 (GPa) 35
V12 0.32
Viz 0.32
V23 014
G1z (GPa) 2
G13(GPa) 0.9
Gz3 (GPa) 26
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Table 5 Variation in fracture energy under different conditions

C Gic Gi Giic Gu Gre Gr
85 348 511 5.32 8.25 354 520
30 37.31 55.08 12.9 19.83 50.21 74.91
26.4 18.62 27.28 17.63 27.34 36.25 54.63
20 0.82 1.21 27.49 42.67 28.3 43.8
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Fig. 20 the fracture energy in fracture modes I and Il and the total (11+1)
relative to the changes in crack length at different values of C,85,70, 60,
50,40 and 30, respectively.
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Fig. 19 Comparison of the mixed mode (I/11) test diagrams for samples
A, B,C,and E
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Table 3 Stress intensity factor results obtained in the present study

(MPay/m) Jsl 555l P30 458l po 9l
Ki 8488 8.904 8.898
K 7.548 7.899 7.886

sove gy 0 C bl it S Jolo (A5 o oo i 4 Jgu
Table 4 Stress intensity factor results obtained from varying parameter
C using numerical methods

s s s
Cmmy PNy PuNy %7 )’; ”1“ (MPa+/m)

02302  0.2299  0.2163 K,
20 1338 50.18

4215 4221 3.969 K

1.564 1.564 1.489 K,
30 2007 63.56

4780 4784  4.520 K

2897  2.899 2761 K,
40 2676 63.56

5344 5353 5.070 Ky

4230 4233 4.034 K,
50 33.45 7025

5909 5919  5.621 K

5563 5567  5.306 K,
60 40.14  76.94

6.474 6484  6.171 K

6.897  6.901 6.578 K,
70 4683 83.63

7.039  7.050  6.722 Ky

8.898 8904  8.488 K,
85 56.78  93.67

7.886  7.899  7.548 Ki

10.89 1090 10.39 K|
100 6690 1037 ———

8.733 8.747 8373 Ki
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1 Finite Element Method(FEM)
2 Cohesive Zone Model
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Fig. 24 a) and b) 3D modeling and adhesive zone modeling of the
damage area, respectively
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Mixed-Mode (I/11) Testing
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