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Abstract

According to the characteristic of single direction fiber-reinforced composite materials

and composite fiber threads, the Two-Scale Analysis (TSA) model was developed for the

mechanics parameters prediction of fiber-reinforced composite materials, including stiffness
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parameters and strength parameters. Then the procedure of mechanics parameter compu-

tation algorithms based on TSA was discussed, and some results of numerical experiments

were given. They show that the model and algorithms given in the paper are feasible and

valid. Simultaneously, the influence of the fibers’ packing modes on mechanics parameters

of fiber-reinforced composite materials was shown.

Keywords: single direction fiber-reinforced composite materials; two-scale analysis model;

elastic strength parameters
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2.1. +]ZU9?"I.P(06XL_k\B��qlÆ"p{^MYD�, �,q&{��:p Ω = ∪
i∈T

ci × I, �� ci �:`q��B�, UDMB� ci (i ∈ T ) ODc,M3>���Yp, Æ�1 I = [a, b] � a, bh��:{�Æ�!�~. C~^d"]~x, W7H�O Ω .M�Æ�Aa3E�v]X
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∂xj
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ijhk(x)

∂uε
h(x)

∂xk

)

= fi(x) x ∈ Ω

u
ε(x) = ū(x) x ∈ Γ1

σ(u) ≡ nja
ε
ijhk(x)

∂uε
h(x)

∂xk

= pi(x) x ∈ Γ2

(

Γ1 ∩ Γ2 = φ, Γ̄1 ∪ Γ̄2 = ∂Ω
)

,

(2.1)

�� aε
ijhk(x) (i, j, h, k = 1, 2, 3) �:"p�hME�}I, CHB��qlÆ"p{^MYD�, aε
ijhk(x) K x3(Æ�) x�, �] xp(p = 1, 2) e�.=PtmHM���I, �p

εp,εp pB� ci se�.M3>. w�v ε1 = ε2 = ε, ξp = xp/ε, H=D
aε

ijhk(x1, x2) = aijhk(
x1

ε
,
x2

ε
) = aijhk(ξ1, ξ2), (2.2)

aijhk (ξ) = 1- ��I. nj �:d�A Γ2 Mkc�e�J�, ū(x), pi(x) h�ps2�A
Γ1 �d�A Γ2 .MtWs2�\
.vNu	 [7], s2 uε(x) X3�:p uε(x) = u(x, ξ), �� x �:{3M��!�, ξ �:`q��B�
ML !�, c2 x � ξ .h�A�{3�����Yp\s2 uε(x) M<�. uε(x) D)�s2eS8:

uε
i (x) = ui(x, ξ) =

∞
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l=0

εl
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Nαim(ξ)vαm(x), (i, m = 1, 2, 3), (2.3)�� ξ = (ξ1, ξ2)
T , x = (x1, x2, x3)

T , α = (α1, α2, · · · , αl), (α1, α2, · · · , αl = 1, 2, 3), Nα(ξ) =W7]Bs�B� Q .M 3 < 1- �Mo�I, X�:p
Nα(ξ) =
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... · · ·
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, vα(x) =
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, (2.4)\Hb,M,q��lÆ"p, )�|lÆ"p, U!�MB�X=,qM; D\H,qB��qlÆ"pCH�{^MYD�, ��Ypl�Djrhl ξ1 � ξ2, }!�B�p`q��B�.�H Nα(ξ) Me0iI)�, C (2.3) 8x
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(2.5)X3U5, u(x, ξ) ] x3 e�.x��YplM<�, �� ξ = (ξ1, ξ2)
T .
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(2.6)

0/ (2.6) 8\&5 ε�B��
\ f(x) X/b, �9 (2.6) 8j[ εl(l = −2,−1, 0, 1, · · · ) M}IX�L�H Nαm(ξ) � vαm(x) 9��Me0. B��9 ε−2 M}ILJ
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aiphq(ξ)
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v0m(x) = 0, x ∈ Ω, ξ ∈ Q, (2.7)�� v0(x) = (v01(x), · · · , v0m(x))T K>{M���p�&���
\OD�, �OHu. C0�C N0m(ξ)(m = 1, 2, 3) M��LJ
∂
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aiphq(ξ)
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h 3 C�m�#q����$�C�;6hvN�mhe0]~, v] (2.10) M@OcH)��ze0M@
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,CHTnYMo D \.sW, C_C��AI]~x D̃ .p\.sWMo, j,Z> Korn�O8# Poincare-Friedrichs�O8XuLe0�[mhO�]H
1
0(Q) .��0�jU�a3. vN Lax-Milgram W], \�0\ (α1, m), e0 (2.10) R=]o0@.
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f(x)dv.�5J8 (2.13) =�HL3Y�l (x, ξ) Me0, D�F[Æ�K�l x D�, Ge0 (2.13)��H�l ξ M�IRp 1- ��I� Nmα1
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= pi(x) x ∈ Γ2,
(2.16)ae0 (2.14) K (2.16) hb�/0r,}IM�mhe0�~v]. X3u�RY�E�}I {âijhk} �� E(µ1, µ2) a3 [7], +e0 (2.14) K (2.16) hbM@p u0(x).C0�]e0 (2.13) �3 u0(x) `� v0(x), _>e0 (2.14) X3LJ
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(2.18)

�;, w�D)� uε(x) s2eS8:

uε(x) = u0(x) +
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∑
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εl
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+ · · · ,

(2.19)�� u0(x) =W7]r^�O Ω .MRY�s2@, Nα1···αlm(ξ) X]`qBs�B� Q O.�@.]5,x0(O�,b,��-�s2eS8 (2.19)M� M Æ[(Os2+ uε(x) MDN~. G\��lÆ"p{3C��Y'IMQ)2, �- M ≥ 2 2$��urrecM@i� [8]. C{3Ms2+ uε(x), vNE�d"M&e0�y]e0X�L{3
&0T9M9�K9d�X.j,, w��4bnB��qlÆ"pMp<L3Yhz��, WKb,M,q��lÆ"p�c, 8B��qlÆ"p>{]Æ�.OD0��, vNj0YD�, ]�@ Nαm(ξ)Æ2, !�`q��B�, D�'D,r�CY.

2.2. Ha$NP(0ARR3>'
1) <B��qlÆ"p{3�\���B�, 4bBs�B�M&��, �\B�C�D
S\-.

2) b�D
Sec�@e0 (2.10) �L Nα1
(ξ) MI~@, C0�X3b�8 (2.15) �LRY�E�}I {âijhk}, C;XLB��qlÆ"pMO�nY'I.

3) b�D
Sec�@ (2.14) � (2.16) hbMe03�L u0 (x) MI~@. \H0�V�{3, .X};b�~^d"Mx7�L���RY�s2@ u0 (x) M@z@ [8].

4) )�D�-, _>D
Sec�@8 (2.17), (2.18) �L Nα1α2
(ξ) � Nα1···αl

(ξ)(l =

3, 4, · · · ) MI~@. Cu	 [8] Xx, \H�^RYZ0, (O{39d9�+��-(O
Nα1

(ξ),\H�Vw/l[M�Y,pn\p(OFY,X3C�wp<Nα1···αl
(ξ)(l = 3, 4, · · · )M(O.

5)B��vN��RY�s2+ u0 (x), �5rr>{M��9d9�h�,"�]>{M��n��O (9d�9��?M�O) 
!�0rB�,  W;B�M��!�.

6) tW0\
, (O!WB�
M9d9�+. k\Q)B��qlÆ"p{3MZ0�Y, �s2eS8 (2.19)M�jÆ[DN(Os2+ uε(x), C_�LB�
M9d9�+.
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7) !`Æ>M�Y�a, vN.0�ULM9d9�+, �5B��qlÆ"pME��Y'I.

3. OgSG]�	B��qc�lÆ"p�0�, G�qM}I9?2, X3�0~W�v�qMs�, j20�&>�q�aÆre8 [12], 3g 3 U:j	�q�aÆre8�MB�lÆ"p>{p`, �u6L3YhzQ)>�K5*IN3#GVM]~>�C�\�, *un�uOc\B��qlÆ"p>{nY�E��Y'IQ)MD��, �g:t5n�c�qÆre8�B��qlÆ"pnY�E��Y'IM(��z.

3.1. 2+]ZU9?"I;0$N.e&)g 3 � (a) �ÆrB��qlÆ"p>{, g 4 t5nL3YhzOc��Æ|ecQ)>�K5*IN [11] M�9. G�\�a�, \HB��qlÆ"pM��E��l�uOc��Æ|ecX�t50r��MQ).

h 4 �m�#q��F��mR*L6+�:
Ef = 413.7 GPa, vf = 0.2, Em = 4.137 GPa, vm = 0.35)g 3 U:j	�q�aÆre8�MB�lÆ"p>{, g 5 h�t5n�O�E�,IML3YhzQ)>�, G��9X3U5, �qÆre8\B��qlÆ"p��E�}IM<�X3�}�(, _\���E�}I<�9?.

3.2. 2+]ZU9?"I-`M0$N.e&�Hp<L3YhzMd"'I(OOc.\B��qlÆ"pME��YC�nQ), 3g 3 � (a) �ÆrB�lÆ"p>{p`, g 6 �:n�f�qB�lÆ"p$S�Y
(�Y�a1Nu	 [8]) ML3YhzQ)>�, b�K5*IN [2,9] M\�, a��uOcX3\B�lÆ"p$S�Yt50r�9�MQ).)g 3 U:j	�q�aÆre8�MB�lÆ"p>{, g 7 h�t5n�E��Y'IML3YhzOcQ)>�, G��9X3U5, �qÆre8\B�lÆ"p��E�
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h 5 �g�rFy�C�m�#qP�F�-JL�r_"N�~
Ef = 73.1 GPa, vf = 0.22, Em = 3.7 GPa, vm = 0.35

h 6 �g�rFy�C�m�#q%T�ZR*
Ef = 73.1 GPa, vf = 0.22, Sfc = 1600 MPa

Em = 3.7 GPa, vm = 0.35, Smc = 130 MPa
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h 7 �g�rFy�C�m�#q%T�ZL�r_"N�~
Ef = 73.1 GPa, vf = 0.22, Sfc = 1600 MPa

Em = 3.7 GPa, vm = 0.35, Smc = 130 MPa
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