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Prediction and Calibration of Transverse Mechanical Properties of
Unidirectional Composites with Random Fiber Arrangement
Considering Interphase Effect

Shin-Moo Park*, Do-Won Kim*, Gyu Jeong*, Jae Hyuk Lim*’, Sun-Won Kim**

ABSTRACT: In this study, the transverse mechanical properties of the unidirectional fiber reinforced composite
modeled with fiber, matrix, and interphase is predicted with the representative volume elements and is calibrated by
adjusting the properties and thickness of the interphase by referring to the test results. While the conventional
representative volume elements modeled with fiber and matrix shows high predictive accuracy for the longitudinal
mechanical properties, but it shows some deviations in the transverse mechanical properties. In order to compensate
such gaps, the interphase region is employed, and its mechanical properties are adjusted to improve the prediction
accuracy according to various elastic modulus, thickness, and strength parameters. As a result, the deviation of the
transverse elastic modulus and strength is reduced significantly similar to the test results of the unidirectional
composites with the accuracy of the longitudinal mechanical properties preserved.
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Fig. 1. RVE configuration of V,=35%: (a) RSA, (b) RSE, (c) RFR,
V,=55%: (d) RSE, (e) RFR

Table 1. Comparison of the effective elastic properties of RVE of
E-Glass/MY750 (error in %) [7]

E E G G
Methodology | =5y | (GPa) | (GPa) | (GPa)
RER 45.881 13.814 5.257 4.927
0.62%) | (-14.73%) | (-9.83%) | (-13.56%)
RSE 45.876 13.161 4.966 4.661
0.61%) | (-18.76%) | (-14.82%) | (-18.23%)
Test (ref)) 456 162 5.83 57
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Table 2. Material properties of constituents and E-Glass/MY750

composites
Material E-Glass/MY750 composite
Transverse elastic modulus (GPa) 16.2 [11]
Transverse tensile strength (MPa) 40 [11]
Transverse tensile failure strain (%) 0.246 [11]
Fiber Matrix
Material
aeria (E-Glass) | (MY750)
Elastic modulus E (GPa) 74 [11] 3.35[11]
Poisson’s ratio v 0.2 [11] 0.35 [11]
2,150/1,450 80/120
Tensile/compressive strengths (MPa) / /
[11] [11]
Coefficient of thermal expansion &
49 (11 58 [11
(10—6 /OC) l J l J
Cohesion d (MPa) - 96
Slop of the linear yield surface in the i 30.964
p — tstress plane £ (°)

Fig. 2. Configuration and boundary conditions of 3D RVE model
under transverse tension simulation (V;= 60%)

80 FE analysis(1 element) >~
==== FE analysis(RVE)

40 | |===Test[11] 8

Stress(MPa)

Strain(%)

Fig. 3. Comparison of the stress-strain curve of MY750 matrix
under tensile and compressive loads between analysis
and test
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Fig. 5. Comparison of the stress-strain curve between FE analy-
sis without interphase and test of E-glass/MY750
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Table 3. Effective modulus of E-glass/MY750 RVE according to the interphase elastic modulus and Poisson’s ratio

Case Ej‘mrp hase interphase Gi’;terphase E, E, G,, G,

No. (GPa) *z (GPa) (GPa) (GPa) (GPa) (GPa)

Test - - - 45.6 16.2 5.83 5.7

RFR Non-interphase 45.881 (0.62%) | 13.814 (-14.7%) | 5.257 (-9.8%) | 4.927 (-13.6%)
1 50 0.03 24.272 45912 (0.68%) | 14.816 (-8.54%) | 5.780 (-0.85%) | 5.312 (-6.81%)
2 74 0.02 36.275 45.928 (0.72%) | 14.863 (-8.26%) | 5.809 (-0.37%) | 5.322 (-6.64%)
3 1000 0.0015 370.37 46.489 (1.95%) | 15.223 (-6.03%) | 6.120 (4.97%) | 5.418 (-4.95%)
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Table 4. Effective modulus of E-glass/MY750 RVE according to the interphase elastic modulus and thickness

Case Eirehese Interphase a E, G, G,
No. (GPa) thickness (GPa) (GPa) (GPa) (GPa)
Test - - 45.6 16.2 5.83 5.7
RFR Non-interphase 45.881 (0.62%) | 13.814 (-14.7%) | 5.257 (-9.83%) | 4.927 (-13.6%)
1-1 1/ 70 45.912 (0.68%) 14.816 (-8.54%) 5.780 (-0.85%) 5.312 (-6.81%)
1-2 50 r,l 46.67 45.926 (0.72%) | 15.436 (-4.71%) | 6.110 (4.80%) 5.534 (-2.92%)
1-3 rf/ 35 45.941 (0.75%) 16.150 (-0.31%) 6.517 (11.78%) 5.787 (1.53%)
2-1 rl 70 45.928 (0.72%) | 14.863 (-8.26%) | 5.809 (-0.37%) | 5.322 (-6.64%)
2-2 74 rf/ 46.67 45.951 (0.77%) 15.512 (-4.25%) 6.156 (5.41%) 5.559 (-2.48%)
2-3 r,l 35 45.974 (0.82%) | 16.267 (0.41%) | 6.576 (12.80%) 5.826 (2.21%)
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Fig. 7. Von-Mises stress (Pa) contours of (a) the RVE and (b) the 57 (8>0m) P
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Fig. 10. Effect of the interphase strength and fracture energy
on the stress-strain curve of E-Glass/MY750 RVE
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Fig. 11. Comparison of the stress-strain curve of E-Glass/MY750
RVE with and without interphase
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