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Estimating Tensile Strengths of CFRP Laminates Having Various Stacking Sequences
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ABSTRACT

This paper presents nonlinear numerical analysis results which were compared with the tested
tensile strengths of CFRP(Carbon Fiber Reinforced Plastic) laminates with 14 different stacking
sequences. The composite laminate coupons were cured under an autoclave pressure using
resin-impregnated unidirectional tapes. The nonlinearity of the matrix was considered for the
analysis, which was obtained from lamina tests. The Hashin failure criteria and progressive
failure analysis were used for the nonlinear finite element analysis. The comparison results show
that the current approach is acceptable to predict the tensile strengths of the CFRP laminate
coupons with various stacking sequences and no damage. However, it is not acceptable to

pred

ict the tensile strengths of the laminate specimens with a center hole.
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Table 1. Mechanical properties of Cycom® 5276-1
epoxy with G40-800 24k UD prepreg tape

Elastic properties
Er (GPa): longitudinal tensile modulus 164.83
Ec (GPa): longitudinal compressive modulus 140.00
Eor (MPa): transverse tensile modulus 8.68
Esc (MPa): transverse compressive modulus 9.50
v,,° Poisson’s ratio 0.33
Strength properties
/—',r (MPa): longitudinal tensile strength 3,220.70
Fic (MPa): longitudinal compressive strength 1,551.70
For (MPa): transverse tensile strength 67.52
Foc (MPa): transverse compressive strength 230.76
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Fig. 2. Stress—strain curve of the lamina shear
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Table 3. Matrix and fiber properties estimated
using Digimat-VA[13]

Matrix properties
Young’'s modulus (GPa) 46.88
Poisson’s ratio 0.35
Yield stress (MPa) 76.75
Tensile strength (MPa) 60.15
Compressive strength (MPa) 201.32
Shear Strength (MPa) 74.48

Fiber properties
Axial Young’'s modulus (GPa) 272.61
In-plane Young’s modulus (GPa) 12.90
Transverse shear modulus (GPa) 15.00
In-plane Poisson’s ratio 0.25
Transverse Poisson’s ratio 0.32
Tensile strength (MPa) 5,326.30
Compressive strength (MPa) 2,560.90
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Table 4. Stacking sequences of the laminate coupons

o] 7% #A3HMean Field Homogenization)= & 0/%45/90% Lay-ups No. of Plies
A dg] A5 Mori-Tanaka W [14]S AF&3HS 10/30/60 [45/90/-45/90,/0/905/45] 20
t}. o] WL H3l mEHA Yo 3 /1Y Inclusion 10/50/40 [45/90/-45/90/45/0/-45/90,/45 20
o] EAdT= 7W Sholl A9} AF A Akl & 10/60/30 [45/90/-45/0/~45/45/90,/45/-45] 20
4 HYE BAXE 73 AoE AF AFE O] % 10/80/10 | [45/90/-45/0/-45/45/-45/45/-45/45] 20
) 20/60/20 [45/90/-45/0/-45/45/90/0/45/-45] 20
Table 2. Shear properties of the UD preprag 25/50/25 [45/90/-45/0/90/0/-45/45); 16
G2 (GPa): shear modulus 4.86 30/40/30 [45/90/-45/0/90/0/-45/90/45/0]s 20
FY (02% offset) (MPa): 43.49 30/50/20 [45/90/-45/0/-45/45/0/90/-45/0] 20
in-plane shear strength at 0.2% offset 30/60/10 |  [45/90/-45/0/~45/45/0/45/-45/0], 20
Fiz (MPa): in-plane shear strength 7377 40/20/40 [45/90/-45/0/90/0/90/0/90/0]; 20
Si2¢ shear strain for the in—plane shear strength 0.05 40/50/10 [45/90/~45/0/45/0,/~45/0/45, 0
S@: in—plane shear strain at break 0.25 60/20/20 [45/90/0/-45/05/90/0,] 20
ng (MPa): in—plane shear stress at break 123.00 60/30/10 [45/90/0/-45/05/45/0,]; 20
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d;: fiber-related longitudinal damage index

d,,: matrix-related transverse damage index

d,: in-plane shear damage index (combinative)
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Table 5. Interlaminar material properties
Interface strength in normal mode only (MPa) 75.00
Interface strength in shear mode only (MPa) 95.00
Fracture energy in normal mode only (MJ/mm?) 0.88
Fracture energy in shear mode only (MJ/mm?) 1.30
n: the Benzeggagh-Kenane exponent 1.60




X 50 # A 535, 2022 5. thobgl A%& 7= CFRP AZ%9 AAAE o= 313

(a) UNT specimen

(b) OHT specimen

Fig. 4. Finite element models of the UNT and
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Fig. 10. Fiber-mode damage of OHT 25/50/25
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(MPa) | (MPa) | (%) | (MPa) | (MPa) | (%)
10/30/60 ﬁg? 4544 | 805 g’ga} 2404 | ~19.90
10/50/40 2229 5310 | 7.40 (o 3550 | 265
10/60/30 fggf 5655 | 654 23223 4269 | 1835
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