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In the present paper, thermo-viscoelastic constitutive equation of carbon fiber reinforced plastic is investigated by

numerical approach based on finite element method(FEM) and homogenization theory. The constitutive equation of

the CFRP is considered on the Laplace-transformed domain, and it is discussed based on correspondence principle

which is satisfied by the each Laplace-transformed elastic moduli. Homogenization theory is employed to estimate the

‘homogenized elastic moduli’ of the composite composed of matrix resin and carbon fibers. Using approximation of

generalized Maxwell model, the relaxation modulus of CFRP is obtained by numerical computation with FEM. The

effect of the volumetric loading rate of the carbon fiber and the individual elastic moduli of the fiber and matrix on

the estimated relaxation moduli are discussed from the results of numerical demonstration in detail.
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Fig.1 Unidirectional compression creep test.
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Fig.3 Creep function of epoxy resin #2500 obtained by
unidirectional creep test.
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Fig.5 Relaxation modulus of epoxy resin #2500 (140°C).
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Table 1 Coefficient of Maxwell model of Epoxy resin.

En 1.245 [GPa] A1 0.552 [s]
E> 0.971 [GPa] A2 0.528 [s]
E3 0.124 [GPa] A3 3.463 [s]
E, 0.124 [GPa) A4 99.78 [s]
Es 0.0249[GP&} As 47.97 [S]

E(cc) 0.161 [GPa]
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Fig.6 Unit cell of CFRP.

Table 2 Elastic moduli of unidirectional CFRP laminate.

Er 106.6 GPa

Er 8.0 GPa
Grr 3.63 GPa
VLT 0.30
vrrt 0.54
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Fig.7 SEM image of unidirectional CFRP laminate.

Table 3 Elastic moduli of carbon fiber T700S obtained
by homogenization theory.

Er 177.9 GPa
Er 25.3 GPa
Grr 57.0 GPa
VLT 0.27
vrT 0.78

400 100000000

Epoxy 00OOO0OO0OODOOOOODDODO (30)pO0OoooO
Maxwell 000000000000 MaxwelDODOOOO
00 Table 10 000000000Epoxy 00000O0ODOO
Jdooooooooooo 2.65GPad0.36 0000

000000D00000000O000000oooo0 CFRP
0000000opDoo0oD E, 00000000000 DOO
O FEpr, 0000000 Grr, 0000UO vep, vpr 0000
00000000000000000 CFRPOOODOOOO
00 Table20 000

Fig7000000000000 CFRPOOOOOOOO
JoooodbooOo0obOo0obDoboOooboOo0oboobOoooooa
00000 CFRPOOCOOOOOOOOO 60%00000
go0ooooooOoOoopooooDDD EpoxyOODODOO
OJ0OO0OCFRPUOOOOOODOOOOOOODOOOOOOOO
goo0oodobOo0ooobOoooboooooboooboooooa
00000 CFRPOO0ODOOOOOOOOTable20 0000
gooooobOoobooooobooooboooooooooa
jdoodooodoooooooogo Troosooood
OO0Table300O0O0OOO0OO0OOOOO

dobooobooooobooooooboobooooooo
J000000oooooooooooDooo CFRRPODOOO
000000000O0O0OoOoooOoD Er(p)bOo00OOO
000 Ger(H)000D000 vr()) 00000000000
0000000000 Figs, Fig9, Fig.1000000000

Er(t)000 Gpr() 0000000000000000
goooooboobooboooboooboooobooobooa
goodbooooboobooboboooboobooooooba
pgoooooobobobobbooooooo

6. DOOOOOOO

ooooooboooooooooooooooboooooo
gooooooooooooOoOobooOooOooboboooDOon
00000000000 CPRPOODOOOOOOOOOOO
goooooooooooooooobooOoooooooo
Fig.11 00000 CFRP T700S/#2500 (00000000

—_
W

—_
(=]
T

W

Homogenized Young's modulus [GPa]

[}
T

Time[sec.]

Fig.8 Homogenized relaxation modulus E(t)
of the CFRP laminate.
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Fig.9 Homogenized relaxation modulus Gy (t)
of the CFRP laminate.
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of the CFRP laminate.
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