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Effect of Interfacial Debonding on the Material Properties of Brittle Matrix Composites
Young-Jin Yum", Min-Chul Jin”

ABSTRACT

Brittle matrix composites often have interfacial debonding between the fiber and matrix which may lead to
strength and stiffness degradation. The effect of interfacial debonding and fiber volume fraction on the
mechanical properties of composite material were studied by using finite element method. Firstly, the modelling
of fiber and matrix constituting the composite material was simplified under some assumptions. Traction and
displacement continuity conditions were imposed along the boundary of adjacent representative volume elements.
In order to obtain the effective material propertiecs of composite material, stiffness constants were inverted.
Numerical values of longitudinal moduli in case of perfect bonding were compared with theoretical values
obtained by rule of mixtures and yielded consistency. Material properties of composite with large debonding
angle were found to decrease even though the fiber volume fraction increased.
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Fig. 1 Interfacial debonding of a representative volume element.

1 SEHA 9 Z2bEH|

2.
FagAs 2AFHE T8 Hske] F1HA A

A AMzh
H AE EAFL A 7t HEFH Yoz gd AW
YES 7}6}"4 HEAZ 929 AAM HYES HFY}=
AES A (HF 2o
wWla,y)=u(—a,y)+2ae’
Ka,y)=v(—a,y)
u(x, b) = u(x,— b) 0]
oz, b)=v(x,—b)+2bsg
w(x,y,2)=¢%z
a3 Fa A&z 4 ()9 2o "ot
o.(a, = 0,(—a,»
Tola, = t,(—ay) ()]



44 R

o,(x,0)= 0,(x,— b
T olx, b= 1,,(x,—b)
£ ZAE xFH yFd distyq diAAQ slstEd - s
FHUE A WRF Faol xF3 yHol 44 UiFd
zA& Hgad A 3)elA 62 2E F AUtk
T,5(x,00=0
y=0 [ v?yx,O):O ®)
_ T5(x,8)=0
y=» [ ox, b)=be @
(0, y) =
#=0{ =0 ®
_ wla,y)=ac’ '
x_a{ 74(a,3)=0 ©
HEAFLAE ¥Y FdE APAS vl E o4
3 AMAEo = oﬂi ol lojof gt
BaAae T4 41 = Cye (e, 2, 3 EE x
y, & B89 Ei}i o ZEAASFY TeEulE T3
7] f8llM e 37l 2 WEGEE(e Y, 0, e0)0 &
gHoz majrojzct A WA HEL Fd WHE(e!?
=0) deiolN FLHE %=1, %= 022 77 Folz
th HESEEL b2 Ao Bl A& st 4

(M3 Zo] yehdrt

—__1 1
0.="1a5 J, 0xd5 5 $x Tss
b
=—}7 0 o.(a, y)dy M
714 s w9 A9 Yoldch

o
gAY BHYFES

R EEEE

e aHel webd 4 ()7

- 0 0

6, = Cney, o0y, = Cye&

- 0

0. = CSIEx ®

ge uede taelE 2o ue Agsd A3
e AAYFES 49T + U

A EFAE dEAMNe A HFAEL ©

A a5t
Y & AURoE doldA gch dEADLL O

BEAeM RS

A AgekAdAFE #3517 J8A e 2 ¥He ¥
& AAzBE] FojAh.

wa,y)=u(—a,y)

e, N=vl—ay+arl ©

w(x, by=ulx,— b)+ by ?W

wx, b) = v(x, — b)

xF3 yFel g HALE H 4] (10)

I (1 Ze BAzRAS0] Lo

— (x,0)=0
y=0 { ?fx 0=0
ux, b)——brxy (10)

y=b o, (x, b)
_ (0,»=0
=0 [ avx(oyy)=o

| | Ha,n= arxy (an
x—a o.(a, y) 0

1 .
T~ Yab fsr,de— 1ab % To
b
=—}7 , Tola )dy 12)
To=GCrro= Grrh= Cu7y (13)

231 Gy

Azurrel AGBAAT 6,2 T A A (14)
o} Zo] dEAR QA gF T FARAC] FAHR
=3

wa,y) = w(—a,y)+2ar % (14)
w(x, b) = w(x, —b)

x&3 yEol tstel Bj3el
o 4gstA

FAolm2 4 (15914 (17)



164 & 1 3 2003. 2

HA71A EgARS] 24X wAE A

W) 9% 45

YXZ(X,J’) = sz(x,—Y)
7yz(x;y) = - sz(x,—J’) (15)
Ty (x,3) = — 1,(x,—¥ (16)
(2,9 = 7.(—x1)
7y (%3 = — 7,(—x,9) an

EAH QA e
& 2 (1892 Jehie

FEAFZTHL 7t FHE o o
AGELASF GE A 19 2ol

ZEELS
_ 1 .1
- 4ab fsruds— 4ab 9§x T.ds
b
= 55 |, rula )y as)
b
= —})fo . (a, y)dy
=Gpre =Gprh =Cs7% 19)
232 Gy

3} yHol B AL E ol &3 (2]) 203 L We
278 2& F doH A et @9 AAxDE
g 3l

w(x, by = wlx,—b)+2by ",

w(a,y) = w(—a,y) (20

7 (x,0) =0 @n
=0 wx0 =0

y=10b wxb=brl 22)

SR deddAss 4 23)22 E2IE 5 A
on FFFY 7= A 42 E%%E}.
Cur 23)

= G2372/z=

T, = Ii—bfs ryzd5=—4%§y T .ds

" Ep= Cp

“ r,.(x bdx 24)

2l (ellAl @7 A = EFAEY 74034

9 AR BAIRES T dolglen, oA FE
WA GBS Tl nolE AEE olgsel SaB
A WAAFES THEHE FASIC

—Cut Cp)+ Cp( —Cx Cpt Cy Cpht
Cyu Cu—Cy Cp

+ {Cyp Cn( —Cpt+ Ca)+ Ca( —Cx Cat+ Cyp Cx)}

Cwn Cu= Cx Can
. 2Cy Cy

Ex=Cy Cut Cp @)
pom—Cu

87 Cpt Cp

o C,

2= "Cht Cx @o
- Ca

2 Cu+ Cys

Gp= Cg

Gi= Cs @7
Gy = C‘44

3. oA S 29 R 1P

QEFLE o]FolW HAYVA HFAMR T HAet 7]
AAtel7t ¥ & ERARS] BAAFES Lobrr
Aste] fPasfd e FPs FRAEY dFE 7
HHoz widHe e Ao2 /HPstn 4P BE
°of Fr71Hoz dAZAH JoBE st Eﬂiﬁxﬂ ERES
tistel sdE AESAT B A7 BBE EAe xF
T yFol g APPYE 27 Aol AA EHEM]’“—J 1/4
g 2aysigich 44 fFassd 23309 MARC
g AHBstglen] 4dAe] gugEasd 84U 3544
228 B8 wet AHgsith AA dEARLA 3
7l 7hE, A2 & i) Holg 12 sigler 14XEY
AME 052 sHlth Afet 7R g BHAE Table
13} 2t



46 EERRE

BEREGHRBE G

En(GPa)

3 VETO%

Debonding angte{'}

Fig. 2 The effect of fiber volume fraction (Vy) on the composite
Young's modulus Eq.

Ezz(GPal

oo W=TO%.

o 15 0 45 & 75 0
Debonding angle()

Fig. 3 The effect of fiber volume fraction (V¢ on the composite
Young’s modulus Ex,

Em (GPa)

——vf=40%
—s—vi=50%
—a—vi=60%
e VIETO%

0 15 0 45 &0 75 0
Debonding angle(’)

Fig. 4 The effect of fiber volume fraction (V) on the composite
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Table 1 Properties of fiber and matrix

. a
Material E(GPa) G(GPa) y 10°PC)
Nicalon Fiber 200 77 0.3 32
1723 Glass 88 36 0222 5.2
Matrix

Table 2 Longitudinal modulus by ROM(Rule Of Mixture) and
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Table 3 CTE(Coefficient of thermal expansion) by ROM and
FEM for perfectly bonded composite

axn(X10°/7C) a1, a22(X10°/7C)

Vi (%) ROM FEM ROM FEM
40 3955 4.07 4.464 4217
50 3.811 3.76 4261 4.06
60 3.654 3.71 4.054 385
70 3.517 3.59 3.844 3.66
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