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Constitutive Model for Fiber Dispersed Composite
(1st Report, Composite with Homogeneously Distributed Fibers)

Yadong WU and Michihiko NAKAGAKI

A constitutive model that describes the macro-stiffness characteristics for fiber reinforced
composite materials is introduced. The model utilizes the Eshelby’s equivalent inclusion method for
describing a particle but with authors’ self consistent compliance scheme instead of Mori-Tanaka’s
meantfield theory, which most other composite models are based on. A separated meso-mechanics
analysis verified the accuracy and the reliability of the present model for a fiber dispersed composite
over the existing model. A numerical analysis with the developed model revealed that fiber orienta-
tion, aspect ratio of fiber, rigidity ratio of fiber/matrix, and volume fraction of fiber are the major
controlling factors of the fiber reinforced composite, thus can be regarded to take the role of design

parameters of the composite structures.
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Figl. Inclusion dispersed domain and its equivalent model

(a) Real inclusion (b) Equivalent inclusion

Fig.2 Equivalent inclusion model based on Self-Consistent
method

L7 A% L C A LEND B AEHOIETILERE
PR L, EAE R TN TOHMIIE Ut e
bOLRET A EEOHEEI L —2DONTEWIE
BL, M1 () RT LI, ZOMEPOEFIEIC
Bo TRFEELEET L. ZOMNEYH S OFHH
RIEHEOTHRERET A0, TONEWHFOH
5, EEAKRER UES 2 F OB EEEROPIIMNE
FToHEEZD, SHIZE2 (b) WRT L ICERED
PR L B AR & 2 b A TEY & RO REERF
2, ChICEABEAR525HI280, K2 i
ETERNFILEMS L. E/AEDOITS, BAL
BEROHBEMEEDICH —FEHERLY, FNEN
ROEHICRT I EDNTES.
9, =G+ G, )
£,=E0+ &, @
IZT, () REPEERRL, O 2B ED T >~
VL2 ERTE, ()T ¥V VIEERT. T
0, 1 L2 FNFREEHE, BHLAEHEERT. 0,
L g, AT DOFHIES) & FHEA, Gok Lol dEEHD
FHIEH EFHEATH Y, g, L e 3EAR L ATEHRM
DFEYIE EFHEADRVECEERY. 72 ()
BESHEOERN L THEERTY, TNHETFOH
REXN-BHMETIR 2, BOCEAMWIIRES NS
KHETHS.
FOARATEW 243 B Eshelby D H(E#iG 2 AV T,
AVuEViEe BLUGH, HFIE5XOhEEEHS
COMBELTRDEI KT I ENHKS.
g=3:¢ 3
g,=E£:g,~¢" (@)
T8, HAKRLEMAYREYREETE—D
DAEMHFT 5 Eshelby 7 > VYV ThH Y, HFO=
DOEME (a,, a5 ay) EMBEBRICEI o TRESNS
BTHAH. TOFMIXH ™ SN TV 5,
BYULEEEAYEMRFICE5RHBIL, EN
£ L SEAFEY OB N B L UV T AOEEE L
ERTHENTE, ROBERXSHEY LD,

Ey:(gg+E)=E:(gp+8,-¢" &)

K@), 6) LWEFOTHELRD L) B FENT
5%,

£ =40:E:g (6)
2T

Bo=1E: E-Ep " E-E)”" e

E=E:(§5-10®]) 8

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

WS HESHROBRA T 7L (B 148) 1005

Thb.
BRTRIZBT 5 EEROFHIEN & FHVT ADHE
RERD L H IR,

g,=£:¢g, ()
X BLIOK @ ~ 9 LoAEHEDI

0,=[1®[+Ey4ol: g, (10)
Lk,

BUEOBREMIIL DR ERT -0, HEEBOH
HORBABOHEIZL W NEYEERO T V— T2
T, —ODOHMICERT ANEWEIRE " (=1,2,3,
..... ) KL > TR, H3RTNEY Db ORFTE
2 REREROMOIGHERT >V Lk Y, THRe
i a &) A TE O B EIE AL 13

g=X;"0, (1
WKEoTEREN, X (10) 2SRDOBEIELN S,

g7=B"g, 12)
T

B’=XF'¢[L®!+EO:AOI:X,- (13)

DELIBENTEDOR S EWHEBERZO, BIbA
EFNVTREBHARNMEDOT7 A2 b ik, EBo
HBHESBEEMB CRAEYOUED+ 55—t % 2
URKEWEZEZTELI A2V, o TR LRMfARE
LT RTONMEYR ERTESN, AEHOIEN
BPHANCE D RARICE > TERT L DTS,

Qﬁ}i); €3 05 (14)
CIT, f SRR ONEYORRIETH D, o)
i 7 V=TT 2N EWORBI R ERT.

WERDILHFH & ) BEOEHIEH, AEHD
FHICS, BLUBESEROFHIEHOMORGRIL

(a) Local coordinate

(b) Global coordinate

Fig.3 Transformation between coordinates

Go=(-Hg,+ fq, (15)
TR3N, X 12 ~X 15 Y EAEEANTEHOTY
EHEEFNREFRRDE IR 5.

ai=piruel-E ¢ B):g (16)

Q'2=%(i§ C; Bi):go (7

L7 EAOFHE D AR
§o=(l“f)§1+f§z (18)

Lo TRAL, K (16) ~ (18) L W EAKRDOFHE
HEFIEHOBFRERDEIICET I EHNTEL,

g0=L:0o (19)

L=Li:U®I«E e+l e o
SIT L L RERERBHE AEMORbE D
TAT ATy INTHY, LA OHBUEEH
ERBTMEEEMBOTFY oL 7547 0 2Th
5. X QO BELCKHBREEZEUHETH L0,
FRIZIUKREIE SIS L VRO L UENH DA, 455040 5
V75 BB IZ BB 7 Voigt & 7L XL Reuss €5 L %
HObON—DDR YL FETHH. HLIROME
VRETHHEL, 20— ML U THTL Ik
bT&5,

R Q0) RIEEDBEMNN 2 b OWAMIIH LTl
RURETH L. ZON, 2T XTOHREW D Finh
FLTHIHENE, kXOBLr 5.

L=L:I®[-fBI+fL,:B @n
Z T,

B=[®[+Ey: 4, (22)
THsh.

X 20 BLURK @D 1, KHE LD SCCEF NS
L DRBE SN, WD b 56 0 & VI A D
HHERTH 5.

4. HBRLRIEF I OIRET

K19 & Q0) ICE->THR LN, it TFD
KROEORHEH T H BEEM B ORI O R
CRRELS B7:0, —~B& L T@#MAT » ¥ 2B
LUDH LT L FEEEMEICBET | XIE) iz
R RTEEIC MBI O W CRIERN 2 1T 7. %
FEODHMABRY T, AMBEIAT L Tol— LLafg 4
OB ET M E LTIE, EMTEFAL LTHE
7% Tandon-Weng DE 7N 9 Db 2. F I THAERH
T D)X Q) ILEZENLERBILNOSCCEFL

NI -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

A BRI ORBERRIE 7L (1 H)

1006

IRESYPTRNES

\/\ /\/ \/\
\/\/ _>\//_\/\/>\/_\\ l‘f’%s"-‘?l‘!- ’
NI NN NS W Czuisww
SINTZ ST, A RO
RUSTNRY 3
~/ S N\NTT /7

W\~ WO <D
N
/\/:/ \_\ >Ry

(a) Model of FRC (b) Unit domain modeled for

finite element analysis

Fig.4 Model of randomly dispersed fiber reinforced
composite for meso-mechanics analysis
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Fig. 5 Global Young's modulus of composite for various
volume fraction of fiber when E,/ E, =20
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Fig. 6 Global Young's modulus of composite for various
volume fraction of fiber when £,/ E, = 100
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(a) Uniformly scattered
orientation

(b) Orientation with
standard distribution

Fig. 7 Distributed angles of fiber orientation
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Fig. 8 Young's modulus of composite in principal
fiber direction
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