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Fracture Behavior by Three Point Bending of
PMC / ALO, / PMC Laminated Composites

S.H. Hong*, H.Y. Kim* and J.R. Lee**

ABSTRACT

The three point bending behavior of a monolithic Al,O; and PMC/Al,03/PMC laminated
composites has been investigated. The PMC / Al;0; / PMC laminated composites were fabricated
by bonding two plane woven fiber reinforced polymer matrix composite(PMC) layers with 1. 2mm
thickness on both surfaces of an ALQ; plate with 3.8mm thickness. Four types of PMC/ Al
O3/ PMC laminated composites were fabricated using four different kinds of PMCs, i.e., Ca-
rhon(0/90),, Carbon(+45 /-45),, Aramid(0/90), and Aramid(+45 /—45),. The fracture behavior
of the PMC / Al,O;/ PMC laminated composites was strongly affected by the properties of the
PMCs. The three point bending process of the PMC/Al,O3/PMC laminated composites could
be divided into three regimes( I, II, 1) in stress-strain curves related with the initiation and
propagation of crack. In regime I, from the start point up to the first load drop, the PMC
/ Al;O3 / PMC laminated composites deformed elastically. The first load drop was related with
the crack initiation in Al,O5 layer of the PMC / Al,O;/ PMC laminated composite, and the crack
initiation stress in Al;O5 layer is proportional to the elastic modulus of laminated PMC. In regime
I, from the first load drop up to the second load drop, the PMC layer deformed elastically
and the crack was opened in AlLOs layer. The crack propagation behavior in regime IlI, from
the second load drop up to the complete fracture, is dependent on the ratio of flexural strength
of PMC to shear strength at the AlLO;/PMC interface. The C(0/90) / Al,O3/C(0/90) and A
(0/90) / Al,04/ A(0/90) laminated composites, in which the laminated PMCs have higher flexural
strengths, fractured by the debonding at Al,O3/PMC interfaces. While, the C(+45/-45)/
AlOs/ C(+45 /-45) and A(+45/-45) / Al,O5/ A(+45/~45) laminated composites, in which
the laminated PMCs have lower flexural strengths, fractured by the deformation of outer laminated
PMC layers.
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Table 1. The flexural moduli and flexural strengths
measured by the three point bend tests
of a monolithic Al,05 and polymer matrix
composites.

Material E(GPa) | o(MPa)
Al,Oq 62 +3.7 1 140 +11
Carbon(0/90) 4 / Epoxy 23+0.8 | 360+ 13
Carbon(+45/—45), /Epoxy | 10+ 0.6 | 220 + 14
Aramid(0/90) 4 / Epoxy 14 4+0.8 | 240 + 13
Aramid(+45/—45), / Epoxy | 5+£0.3 | 150 +8
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Fig. 1. The crack initiation and propagation processes during three point bend test of PMC /Al 05 /PMC

laminated composites:
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Fig. 5. The schematic representation of two different
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three point bending specimen showing the
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ALO,/PMC Ao Ad Ak-$Hoir) o8 ;&
Fig.5¢l =A|gk ufe} zo] s}5e] Zrhghel] wle}
AR e VeV E AR R FosA "o

5ol F7bedel @l cracke]l ATsted ALOz/
PMC Al el Zgstw Al Ho)] shx]= BAoNA Ald
22 = PMCES 39 Frix o AR=E
AL £ glch. 2k PMC/ALO;/PMC BA+-E-§
Agelx H(5)e (6) 3] A=l B} CH
oMo AAgH I} HAk-&H-E Table 20 Vel
glch. PMC/ AL,/ PMC S-S5 el 4] ALO,
/PMC AlE-e 54 F&x71o 2 Ha=gl7) o
Foll AdAEe Rokx s}Askdct. Table 29
Ait AFE viashd Adels Eelsl 2
C(0/90) / Al,03/ C(0/90) HAFE-FAN8S BAHe
A9} Zek-g-H 2} A0/90) / AlLOs / AC0/90) FHAFE-
FA 22 CHell A2 A8 (r;)& AlLO; / PMCE]

Table 2. The tensile stresses at outer PMC layer and the shear stresses at Al,O3/PMC interface of PMC

/AlD5 /PMC laminated composites
obtained by three point bend tests,

measured at point B and C in stress-strain curves (Fig.3)

op(MPa) | oc(MPa) | z(MPa) | to(MPa) Fracture Mode
C(0/90) / ALO5/ C(0/90) 310 + 30 24 +2.2 - Interface Debonding at B
C(+45/-45) /A10;/C(+45/—45) | 170 +12 | 180 + 14 | 16 + 1.1 | 17 + 1.3 | Fracture of PMC layer
A0/90) / Al 04/ A(0/90) 240 +12 { 270 +15 | 19+ 1.0 | 21 + 1.1 | Interface Debonding at C
A(+45/-45) JALO;/A(+45/—45) | 120+5 | 140 +5 940.5 | 11 + 0.5 | Fracture of PMC layer
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2}4 Fig.5(c) ol vehd 7= 7o) PMCe 3%
Z(op7t dAAARERET ¥ PMCE HET

C(0/90) / Al,05 / C(0/90) #3837 8= BHellA
Adg-e) s G sk 2, wbdel] Fig. 5(d) el viehd
73} 7¥o] PMCe] -'11-677]—5(0-1‘)7}. AAIAZFE R
o} @& PMCE #HE3 A(0/90) / Al,O5/ AC0/90),
C(+45 /=45) / Al,Os / C(+45/-45)2} A(+45/
~45) / AlOs / A(+45 /-45) BAEFA g ¢
< BAelA PMCE-2] W] Alxl=glc). & PMC
Z2o] Wil WAstE TIAEIAE 7390

7ko 2 ZZ% PMCel ojela] o}E WP EAL
elfigdch. A(0/90) / AL Oy / AC0/90) sAAFE-3HA)
= PMCEe] WA A3 AA-gHe] Frlste C
Holl A A LG =dsle] Aol A Felr}
AR Wb, C(+45/-45) / AlO3 / C{+45 /—-45)
o} A(+45/-45) / AlO3/ A(+45 /—45) BAHE-§
AMEe] Ase Fd AASHo] dA AA-EHe
Eealx] 3l Al el PMCE2] W] 23
3= ZleR Az,

3 FY AR 4 FhE oy Feeh A4
YA F5F Table 3o vrebligich, 49 I oA
QA T 225 PMCS) sH3 A5 B gk},
o] PMC/ALO;/PMC #A gz shdws

Table 13 Table 2& M2 wlmslyd BHelse] &
o] H3E PMCo 37 =e vlelshe Ze &
g odvh. dHll-& PMCe] ®ige] AF Fo
O L}—

k=3

AuAlE PMCO w4 wg x|} ALOe &

3 ol x 2] gld], 2zt Bl A0,
eBdwE ouvle dASHY] oot ddIldl
A9 ey A F5E SR8 vy kel ojelA
webzich, PMCE el w37} A shs A(0/90) /
ALO;/ A(0/90),  C(+45/-45) / ALOy/ C(+45/
-45) 2} A(+45 /—45) / AlLO; / A(+45 /~45) Ak
EgAge] A9E Jde] wie] PMCe =4
LK ]Ei A= F4rt PMCY a4 oﬂLﬂ
Aol wl#gich, dhdel ALO;/PMC Aol &
27} sl C(0/90) / AlyOs/ C(0/90) E-3tAls
v AW 7=t dAsE7] dgel] AgkgHe] Aw
Zdmo] Edsle W Eel weEsA "ok ddm
dlAe W] "o PMCE2 gl Hale]
U2 B o)A FE PMCE 33 iAol u)H)
A =l AE8e® PMC/ALO;/ PMCelA
ALO;9 crack A 79} g LA & 27 7] 7]
Ao A7 & PMCE A8 7o) &
HA o), AAAQ] =7 JURE F71A1717] 4
e & e ddE 2 PMCE A5
o] Aol olebgA ALO;/PMCe A
BEE F7/AA AW FEE dAgez A
I3 A E FrMA7E Aol g Fodtia
sk,

wd ALO; FA9} 4744 $F-4 2R B3|
BE ALO;S oFwe] =g PMC/ALO,;/PMC
AYEPAR 33 9 9% 4L 209

33 Y A1l 2Jgk PMC/ AL O/ PMC HAE-g

Table 3. The energies absorbed in each regimes during three point bending of a monolithic Al,05 and

PMC /AI 03 /PMC laminated composites.

Energy Absorbed (kJ/m®
E 1 EH Em Total
AlLOy 0.5+0.1 0.5+ 0.1
C(0/90) / Al 05/ C(0/90) 1.4 +0.1 14 + 2.6 0.2 +0.1 15+ 2.8
C(+45 /~45) /A1,05/C(+45/—45) 1.0+ 0.07 7+ 0.9 21+3.2 29 + 4.2
AC0/90) / ALO,/ A0/90) 1.1+0.1 11+1.2 16 + 1.6 28+ 2.9
A(+45 /~45) /AL, /A(+45/—45) 0.9+ 0.09 54 0.4 >30 + 10 >40 + 10
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AMES FiAE Gl ALO; HAol| B]ste
1004 )4 =ZA F7iskedew PMC/ ALO;/PMC
EgAEY FAFL HA5E PMCo me
A °33g dterth. PMC/ AlLOs/PMC SHAFE-g)
Ase 3" F8 WY AF-L cracke] A A
sA ] wel A7kA] FE(1, I, D22 o]
A}, GE 2 AN EE ALOsZEN A cracke]
A= S - Y E FAlolA AA SH s}
LA AR7A Y] T2 ALOsE PMCEe]
25 sAEEE s ddgelth. ALOzElA
cracke] A she A A Y] $-35-& 2 &% PMCe
BAA gl vlH L, 3 AL A=
PMCe] et Aol wlgatint, B9 I A4
ALO; /PMC Alwo] E-2]5o] &8 My oA
FHA §H7ys) s BAZIA S ke g
PMC% & ebAd 3 8le, cracke] A8 ALOSL

FHel 3= PMCol &3] shado] AA=HE 449
olch. BASY & (PMCe 7=)/(14-83) 2
ule} (Al 2] =) /(A A Aek-g3) 2] ue]

o8 AAEW, FEUEsF & PMCE AHEE
C(0/90) / Al,05/ C(0/90) HABgAFEE ALO,s
/PMC AgelA] 227} s, §974%r)
@ PMCE A=3 A(0/90) / AlLOs / A0/90),
C(+45/-45) / Al,05/ C(+45 /—45)9}  A(+45/
~45) / AlyOs / A(+45 /-45) S4EFA 55 PMC
ZollA Aol whslich. 9IS PMCHY
Zdge] AYEE iR A(0/90)/A1203/A
(0/90) AAEZFA T = PMCE2] 2AMES A1
Ad-gHo] A7z =23 ALO;/PMC #
HellA 7t dAss ubd, C(+45/-45)/
AlO5/ C(+45/-45)2F  A(+45/-45) / Al,O5/ A
(+45/-45) FAEZAEE PMCE] 337} 24
stoict.
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