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FlEE38 %A Composite Resin?]
BIEE | B Pt

BRAREE #WPAR GREBRHE
FheRYE - BIRTE - AP - B

-B *_

I #% &
I KBHR R A
. KW
N. R Y HR
V. # B
2% 3R
X5
45 LB
O

Composite resin® FIggial fFHsI= B2
amalgam BSEMA K KT BEFR WMES
sty FEMES KEA S H =l Aok

BErRol A+ FBMA composite resind] Big3)7)

B, Higgs BHEA composite resind FHsIG.0H,

olERe A composite resin® EHEE%k B, B
¥, B 2 ERSY BERE FF KMk v
Eltel,

B H@Eis BEH composite resind] i H
Byl EREHL amalgamst F—3 BRELH, %
By WIBEA, BB LM ORRS] TR
BN, BEHBETRESE R FEMSIH, T LSt
E BT EX B WHMERDol /) T —&F
RS g7 HESe, HBEA composite res-
i HRE FFE kel A WS oW BB BK
BAS BN WER, (L8N ¥ EHEH B
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el T {Ee] BRIl

composite resin® EfEHEY BT enamel ¥
dentin?t ¥flsh} FIRMEE EMMES  20%00
@3+, fracture toughness (B 1#)%%) = amalg-
am3} BT Aoz de A gupinieine gy
Zidan#} 2 A°% Draughnzt Harrison®& Compsoite
resin®] fillers] K7 & 748 ¥+ AL
e AR Rifnel BARol w@mslo EhHA AT
R ksl BB ERESE FolAA o4 %
o G3RME 7} composite resin®] unfilled resin 2
o EFSA Lkl #@ES ok ek

resindiE Y inorganic fillerg ##A) 7 v AL
BAkMES WAA7= 8-S b B 4
He HFAA B gloy o)ol #at Miih &
B HEY RPEFgA gaglcl

Hannahe} Combe'” & composite resine] #i'Es}
BT BES AV7 8L =& #EY filler
NTE &AALt &b H45+9.99 Asmussen”
E ceramic filler® %E¥HMA A 7 %, composite
resin®] EEK Vel BRKES BPA2 4
Aot Eiks Y o}

Schmitz4} 5/\“’ Raadal”’ Draughn?} Harrison®
= filler 3E7F ¥& 7% composite resin®] £
MES ol & m@ﬁﬁﬂ g e ok 9o
o}, 28 Y composite resin®] B G filler
K sAisk 274 HE BT B #
7t et HE ARs 2E HES o ¥
e MMitssl 45 KTt AAY el
R3-& AR aTRESH BFEER FiEiel X9



FEER ol RS Z BMAISH RAgEsts] A E
ol £FES FHEKE vebd AEY HEEoIE
FobAk BES Bne BEA 9 28 filler
o EFIEEESL 0.1 pmPA Tl A & ¥ & Bkt fillery
FAADE @EL EEA To WEREES MES)
wme 4 Ak

¥ Kl BHT EART S BEMENTE B
&A% BEH composite resin(hybrid-type) & %I
F ass HEY B—T BRSE BN tEEe
aA @k

Lutz$+ Phillips™ -2 filler®] &£l =& comp-
osite resin® ES o HEH BHEAd #HPYH
filler&-2 B8 H: (volume fraction) 2 80% LlE&
SEAA LS HET ¥ Yok

filler Liffol composite resingfifel @< vl
A BRE resin HEF filler RTE HWN3 &
LA AZE E5M (coupling agent) 9} filler [ #88) %
EgEE AN BR7E Aok vinyl silane®st 2
EOHE EAS BEAS &, fillerd REE X
wilo 2 A Y REAAL ¥ MER: LK
ol A fillers] #ANE W@ T REXREHRE
H8 KEHE MEAA BERHSE BES HEA
A 4 gl

Koz HEY ke EEde Ao ¢
YT BEYL EYgod nEMd REM %EA
7171 YA€ FARYE HEEEY KRENKC
ol ekgte}, A Z7A FgEA composite resin 9
#—o G BAT WAEL ¥t HlA =B
KBS BESel MEEIE Aol

Locy 3 A™x Wildes#t 2 A& A2E &H
52 amalgamst BT FEE AVAX HERE
85 composite resing ENdHA .o o] o] HiE FF
He o7z FHERY ®wFLL —_RERY &4&
A€ BLY gl Hzdch 2 BEe K8
Y 58 EREES 2o 5RENC oS s
5 7| Eol ok, EEEKAA BHMY HEE RSBl
slipsl =838t #irS #BE 4= 3o composite
resin E#8S B2 SIRAES EhAASE
AL ol $ ofel & MIBEA composite resin®] B
kS EREY FRoZ fillerd] Aol MBS
o Gl A oo MRMESS N
ol BMEslol AL EHTAAE 44 Hirol

vebbl el B9 Qe 2 HRE] RE
e el A B2 FHEEA composite resing 4
of W& PEENS HRES LECL

EEc B AlYY X2 gHEs B8 Al
i B composite resing I FA ol Bl
H o 7kx BRENE meld BEmS BTENE
22 BRIY AHHEd <& ks g
Bl B £49 MREE A7) oldl  #Hifse
ulo] ef,

I XE#HH N Kk
1. REH

A BRE BE mkE T e 8 AlE &
B composite resin® {#HAslg o o]& HAH
Ad =k FEIY LBEAHL P-10, Clearfil
Posterior, Adaptic Anterior & Posterior? 3 #
3} ¥EAR P-30, Lite-Fil P, Estilux Poster-
ior, Helio-molar ¥ Ful-fil Compules (E\F P10,
CF, A, P30, LF, EL, HM 9 FF& )4 5
oz 2% 8ME (FAHACL (Table 1).

2, WE%%

1), RAABE

WS BRII5sld LiEY 8 89 composite
resing 1Y 1,29 7ol stainless steel &Kol

NEgHe HrdE TR AR HENE I-

type, T-type ¥ Y-type®] A& &RBMEHFIS
typefl2 &% 8BS RK & BiEs o (Figsl,2),
Bred RA S 37C BBKAAA UM RKRED
% BERARE Kok

2). HHERAR

BUfFR AK€ Instron tBY MOAEADKL AWM Mo-
del No.1322)§ Mt £#Hol Bid =7
FEEMEDS M3t WAOEE (crosshead speed)
£ 0. 2mn/min] 1.2 FK-o] BHTE =) 7] 9] MEE
E o] RKY PEHME (fracture strength) 2 33l
At

3). HEiEe SEME% ,

wEs REE Lion sputter JFC-1100)el4 &
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Table 1. Code, manufacturer, type, and composition of eight posterior composites tested in this study.

Code Brand Manufacturer Composition Mode of
Matrix — Resin Filler (wt%) | Polymerization

P10 | P-10 3M BIS-GMA a-Quartz (83.3) | Chemical

CF | Clearfil Posterior | Kuraray BIS-GMA a-Quartz (78) Chemical

A Adaptic Ant.& Post| Johnson & BIS-GMA Quartz (77.1) Chemical

Johnson

P30 | P-30 3M BIS-GMA Zn-glass(87) VLC*

LF Lite-Fil P Shofu UDMA ** Ceramic (85) VLC

EL Estilux posterior Kulzer UDMA LiAl-Silicate(77) | VLC

HM Helio-Molar Vivadent UEDMA*** Fumed-Silica VLC
(67-70)

FF Ful-fil compules L.D. Caulk TEGDMA**** | Barium-oxide VLC
Glass (77)

*VLC Visible Light Cure
**UDMA Urethane dimethacrylate
***UEDMA Diurethane dimthacrylate
*»*x*TEGDMA :  Triethylene glycol dimethacrylate

Fig. 1. Specimen for fracture test
(T.I, and Y type)

AE® EEH BTFREME (JSM-T20: JEOL, T
SEM22 Bg3) 22 mEBEE 20KVE o gl
£+ B® FE5

I WEEER

SEMal ket MBS Bisid (Fig. 3-34) 224
P108] I-typell A M2 RILAEANA &
Z(crack)o] 4R Aol nelch (Fig.3). Bl W
e fillerst resin £EHM F@ES et £17, #EB

¢4
i ~
' ©
l +
Tor | o2
’ " Unit: mm
(a) 1 type (b) T type (C)-Y type

Fig. 2. Compasite resin specimen features

s fillerd Bire vebtbA ga gel(Fig. 4).
CF¢] T-typedll'Ad 7}t resingE 3 filler ol
vete RERQL filoltl (Fig.5). A%l I- type ©
A @Rl RILAEAA BEH D RAWHENS
Ji, B, fEshs 45 EAMA A Jebve extrus-
jone] ¥l HolE fgoltH(Fig.6). A9 I- typedll A
vebd @Gl o Bl 4185 i, ZEoE
KEPe] B2 extrusiond & 4+ 9r}(Fig.7). P30
9] I- typedl A 9] %] AFEHNA BES o #
s = kg Vel 2 gl o (Fig. 8).P302] T-type
ol lelA o) fillerki T MEANA B4 ET5 A
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resinfEGell striation type?] BEH-S e 9ot
(Fig.9). P302] T- typeell 4 300012 AR o
24 filler K77+ BEMA & kot Mol flaw
o2 JrebdE  tire-track? WEC. 24 fZo)
R oldl fillerkr -7} & 14 (obstacle) ] &
e st BHERER S BEA7 224 HEE
P& F B4 7o} (Fig. 10). P302] T- typeoll 4 $B%4
BARED T EH (vertical crack)e) A4S 3
AEe 2AE}(Fig. 11). P30 Y- typedld
WRE 7t7bol fifEst: fillerfy 7226 2o 5
£ kel ot (Fig. 12). &%) EHEH ol A B
st #29 ®HE ML et (Fig.13). P-
30 Y-type SBE %o fillerki 7 AEAA 45
o BEso]l H29 BUE ETEHE S BAHF
I gvt (Fig.14). LF®) I- typed] %ol Aol
sk RILA@ Vbt ik B8 (fracture be-
havior) .2 Fflol 779 Aol wtel @HATEE
7b el el BHAE EES THME]) Mol
et (Fig. 15).

LFe T- typed BfifHo 2 el HE B
2 A tire-trackito] uhelyut fillerkrF7t 2

oF AT WHE oA Xaz 9ok (Fig 16).

LF9 T- typed] Mififgoas @%o] REHESD
oAl A S EBIAT S ndFe] on &
W A8 For B4sd g skt 7 &)
ETE S HHE oS B Fn 9o (Fig 17).
EL I- typeol lAA & RKEEEY FIoz ¥
B OBEY &Rl FiEstA gz KA T4
g+ KiEelwt (Fig.18). g4 ELY I- types] 9l
oA = REEH] FHA extrusiond FHigAsn
AFE debiz vt (Fig.19). ELY I- typeoll
A4 gL @HP E GWo) WE ET R
Bl 25 & 2oFx Yot (Fig.20). ELY
T- type®| @Zffol= HHol ¢ FEHEDHZIA
Bt Aol ES o ULk \HIAA 28 9
vebte HE#ES 5EE o) T BRANEED K
Mo WEHERkE 32 Aot (Fig2l). ELY
Y- type®| M2 A §Ho] EHEHTAA
FAfe B #1752 d& 4ot (Fig.22).

EL® Y- typeoll 4 fillerkr ¥ FMEol el %1
FUEel HASHIER QA7 striationhd) WEHE B
AFx 9lrd (Fig 23).

HM® I-typecl 4 ¢ HEEZE M extrusiond]
WEH#S BEEoR vebd fpolt} (Fig.24). HMY
I-typed] @HBEO2A extrusions] #FFHe] Hif
o @H WS JEE 293 g oHFig 25).

HM® T-typed] WiBBHo =4 4R &Nl
HE 634 le #£78 24¢ Vel g
ot (Fig. 26). HMY Y-typesl 91eJ4l extrusione.
2 B4 @Bl #RIS RAKE BiEs o
WETERY 25E 2ol ut (Fig 27).

Fg.273 A—Hhoz4 @UBER B5Y %
ARe.2A @2o] HEET Fro2 BEstd R
Fel BREE Vel Ao (Fig 28).

HMS] Y-typesl lolA @izl fES 4k ol 4
thiE= o] RS AFirel WMA &< Jeping
t} (Fig.29).

HME Y-typed| @ZERTS 236 MBS ZA K
NESIAA KA B AL FFHRE
Wikt sl E<rolth (Fig.30).

HMS Y-typedl A fillerkyF7F 2o} gtifio] 8
A Jebvdn ek (Fig. 31). FFY I-typeo A
@20l FHAAA thEs = HEEIE FER B
#5319t} (Fig. 32).

FFY I-typedldl #HZ  extrusione] el
R4 BHE &% BE=A HNY 2oy
(Fig.33). FFY T-typecldl fillerlt ¥ =77}
of HMIE-S HEE FHY filler-resinkE R
E¢ weh Bt #1782 o (Fig. 34).

V. MiE % %

FEEE BEME S BRAEd HWT MAM] &
E3}l7] oLl Composite resind FIggiel {HFE
MEZE EoRksl = AL BES ZHEoIh M #
B golle]l #Hd BHE To9, odd #Emd
WAL e &H5Y R A kR
€ 72 AMBE B, ANTA BET B
€ dosAY BEEA ST EEES BET + 9
ofek ek, webd APRE ol T HHEE A
Y FEHA composite resind BB} Wkl
YIRS KL gyl Betd BEAHR F filler ¢
resinE B B =2k 8 S FEH composite
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resing 23l LT @ Y-typed BAS BIfEH,
EfEN T R &% B8 2 #EEs SEM
o2 BT FE

AxR EH TR BEe HHRERBANE X
Ko BLT BR, BWE ¥ @EAY BEEE
BFL HHT HEd BHEA composite resin®l B
BWEol 2 KR R Tl FFES T Ak

Mec Kinneyst Wu®" Jérgensens Hisamitsu'')
Lutz#+ 3 A®™ Pillart 2 A*) Soderholm#t 4 A
% Ferracanef} 2 A“%-2 composite resin® #f
FHERY #4E, Cannonst Harshell” & JEEKHY 3F
ol kA A EEE AT o ek #3 BEE
# RS £ LIRS MU R RER
vEbE IR TRES HAL BT WARE
Ad 4 v BHT BEMRS Hite]l Tks <
Aol A€ o RE7 Sl Dogonft 2A
Y Cross#t 2 A° Powers#t 3 A* Goldberg 4t
3 A" Goldbergft 3 AY Moffast 2 A %5 co-
mposite resind] A MBS REBELEM YW
HEERE DiENdA FERAE BB

m# filler7t &4 composite resin &l &
3%k, 4k 9 54k iRl BR= HEAS oY
ceramic crownd] BEY GBHE AT BAE
o sl A A v #Arol AR WA FHHHE fok
22 composite resin M MR EEMH &
B fillerd 46583 M Y 274 et XH
st fillerfd] ARG B, #& WES oh2A ek
$-71 oAl A HRFRER WAKY RE =
vebhd 4+ A EASH R MR EEY BHRE
o2 sy Wil 2 Bt Jdebd 2 AR A
By 2 BEMENeE BASIS 2 HEe ke
fames eSS KIRAA ERSA ERE 4
ook jhef,

& Beel A @Zel FILAEAA vebd A
BHAS T resinRLS + KIHE monomer, #Efh
B, B N KEAHE $ol Rt BAS
Arix) REAKAA £ K RERH, X BE
% spectrum®] &l HHPPE Hl et
EARPBeE AT g3lo) FRos 44 (Fig.
3.6.7.15.18.19. 20. 24. 26. 32).

Ruyterst Svendsen® Vankerckhovenft 4 A*"
Stuppst Weentmen®® Ruyters} Oysaed’” S comp-

osite resin® EAE+ NMRHE FEET 2A
BES iy 45929 Ruyterst Oysaed”™
= KEAH composite resino] XFEH Mg *
e Hl =e EAET #1489 .2 Robert
9} Shaw® & fumed silica fillerd BEEI7T WA
0 284 composite resind BEEHENL ETIHdn
#Haslel RKEASR composite resin®] WEM HH
o] MEgssrE ¢ 4 drk

Miw BEAE MHIEN AEERE RHid &
7t BAR + oA XEAHY B8 FEEASL
RAORoz BWAAH + ek

¥ AHEANA g EWS resinBHAA 1
{5 o filler/t His = A A 3) AE2 M| KR &
7513 gl ond oAl 2 §BRe) RALAA B fE
ol EEH Aol EEHo] HElte AL FILOE
HEFE HEE skl A Eoletn 474 R (Fig
3.4).

{LEBEAM CFY T-typeoll A BiiliEgho 24
resin Z£E fillerkr TS BRE el Bt £
BEx ook fillers FEEESH #E7F xob filler 9
BAT-S JEbR g3 gESC] o] MfrolAd BB
hoz fEHES ¢ 4 A (Figh).

@20 MEET 4 EHR HRoz #RE
AL B2 WMol [H4hEIET (out-of-plane shear)
o tksked o] FILEEAA tearing modeZ 1}
ehly] ol Fo]= extrusionS #HZS R, ML)
RA-EHTL BB/ Aol Kl ZHBESR (ext-
rusion)o] Vel o] &= HEHML T BEL A
< & Yo} (Fig.6.7).

Konishi2} Turner'®% Bis-GMA% bonding-agent
o BUERED ol mEEs BRI &R, s
o] BFiQl WM (plastic deformation) Flol #
B = RAEEN T A4 MEHS et &
739 Bt AR oL HES

FEAR P-308 @HEE AHKE sHrtol fi-
Ner/gEol A #8249 42 fillerd K3 EfrEHE
(dislocation pile up)o] 4ol vl B WHHH1
o o] HBEY Wt doiv TEHY} H
EHEY e BEGHC Lidd ¢+ oA
ool gt # 29 #HZ (secondary crack)® FE ene-
rgys EIAA BEESNE B dEE &
4 v} (Fig.8-14). HI, fillers] & 8- WiMEF 3%
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sigyio] MM L ¢ 4 A2y Goldman"& A
) EERERES] A& o composite resin®}
BEE filerd HR BEE LA Yoo R
& 9} gth, Fig 15-179 A E Kol A % 5ol

BES S | vebvde Bl fillerd) N7
st o Folztx B E LFe MY
ceramic filler® &H3tT ol fillerh Tl BE 3
Al 2FHT Yol resinzte] fHol At o
ol A Hd oA @Rl ERHANGT 44"
o}, = tire-tracke #®Ho) MHE % HHE B
mo] RfEste MRS et MNDEEC WML

2igel ksl W AFeoldk. HelA  tire-

track® T Fktel REHES0l (FHRSE  #ikol

I ola fnsi Al BUMTHEDS HRE €4 Ao (Fig
16).

ELY &% B4/ozA RAMBA =el BslifE
719 wEiEe £R/ d o RAHEHEBE S 60ke
-397kg4] Atz ERE veblz  Yok(Fig 18-

123).01H & BA S 8 M9l composite resin
ol A RAHMEA Hek ER/E AR I-typeo] A Y
a3z Y-type, T-typed] IEFE FHAXZ Y&
¢ 4 ek ek EBRAIA composite resin®] F
B ERHBE I-typeol /b4 uitA e
R T-typed HWRPEE #Hdol ¥ F=
B
Mk BEAA = TR 27171 SR8 A& &
FHEY RemEe =S gol BT ERe)
AL e WY WiTENe #ERFT AL BX
3t}

22V Simonsenst 2 A*M-& composite resin &
2 BHEY @7 BEET ke BERE B
FEFi el 849 ¥3t2™ composite resin® 2 #
BHE A A e @

= Fig 2164 fjE@s 6EE o5 st
ETHE AL BB $2 B AR RA HEE
708 HEARol slipE =el JMel 45K E o 74
HE A& Brkao (Fig.2l).

BHEHS EHEDRAA = KA Biimel M
53 @AWl WMEMS FAR Ml ehdt
REERY WES Bk MR W el
FHE S Pob F5H (striation type)® RHE
ol2x vk ®BL WHE K SWERoE £

He] 2%k @Bl HH KR XEWE ¥ TEWE
o] o]2A o} (Fig. 24-31). HML @M%
fillers &/ ol A el FRHA et
v gl

= fillerfIFE BEEEA A EHEES EWINAA re-
sinfLE S fEEHS Bins o WEE sl At
DA A Bikz Rstd Bze] vk stron-
tiumZ2] A 4 (durable component) 7t BRZs €
$#87F dol filler B3 WE YT WAL &
Eilvtn A Ak

Li#t 4 A= filler§ B3 27 @k =& co-
mposite resind] Wt BB fillerd] 27w}
= BRI ®n¥4E composite resindifErl 1§
mEE BwEL vk ek

E K HadA HML BRRP MMt filers
FERste @kel ARAGT EAE KT s
o filler?] BRIl sl EHo#el ZHRM
olebx 4 2 v fillers) HFIERH Fike Eol resin
HEMNAA MR N0l Bl o BiligHie] X &
€ ¢+ Uk

t} & composite resindt Ze| FEE A &K

s el AT o #EFL  fillerkrTok
resin B Rifie =ek #BH L 9 vH(Fig 31-34).
o] g} Z¢ FiE-¢ Lambrechts®} Vanherle'” &
W FE composite resin® IE-S fillers} resink
B &479 S Jebdvn #iE3o fillerst
GUERY BRE o)1 #3 Hilol WHB4LY
REYE ¢ + Atk

Paffenbarger$} Rupp’ = composite resin® 4
By tEol fillerfI TS BB, 27, B Y 9%
ol =} EEAT #wEGsA

sl = fillerd] &, fillerR BEgES) filler Slre-
SinfLER &4 IRHE £5 composite resin®] o
7hA HHd &S ¥ 4 stk £ composite res-
ine] NN & EHE dt Mz HEH
HEY #EEal okt LB, BEY Bld 3
& EHHE EA QHE}E,

Pillar#} 2 A& composite resin®] HIE §itol
BAE A REET @l RREHA T &R EmE
o] AT @l EfTH O A BUEEMEC] ot
A R T WE AR BT ol2A RAdn B
&3 vt gl
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LIk B A FHEHA composite resin®l
REFRBHEKL fillerhl F 2710 B2 #ELE A
Zsle G EREE ¥ GRS WRME ED
ol @2 M Y W ekl A% compos-
ite resinft] ZR9} fillersy] FHER ¥ BEAHAI
B AR 9 BIRE sl e SEs ol A
75 e}, o

V. & iR

Fl#§#¥8 composite resin ¢ FRIK FHMd =& &
TAEE 9 composite resin i w2 HEIEH M
+ MES 7 Yt 8 &S F¥E IR composite re-
sin(Table. 1)& A% I, T, ¥ YR RA W
of w2 EKFRREN TS miEE BN, MEEE ¥ s
BE¢ SEMoz BRI bt 2L FHRe
Act,

1. EEHE-S =€ composite resinoll A FELIZ
o2 vepyich

B2 FILMAzAl A afES 9l o)

3. @A filerst resink Bl RAES =t #
B 9t

4, WHY =277 w@dld B2k WS BR
sh4d

5. EBEES fillerki 9 & =27,
HEs EREA HEL ¥

2N
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— ABSTRACT -

FRACTURE BEHAVIOUR OF POSTERIOR COMPOSITE RESINS

Young Ho Park, Byung Soon Min, Sang Jin Park, Ho Young Choi

Dept. of Operative Dentistry, Division of Dentistry,
Kyung Hee University

The use of composite resin for the posterior teeth gives rise to clinical problem due to the
lack of mechanical properties.

The purpose of this study was to observe the fractured surfaces of light posterior composite
resins which are P-10, Clearfil posterior, Adaptic anterior & posterior, P-30, Lite-fil posterior,
Estilux posterior, Helio-molar, and Ful-fil compules (Table 1).

The failure of composite resin specimens of I,T and Y-Type (Fig. 1,2) occured under com-
pression. Fractographical observations by SEM (JSM-T20, JEOL) were carried out in order to
examine the fracture behaviour of eight composite resins in different types of specimens.

The results obtained from this study were as follows: -

Similar features were found in fractured surfaces of eight composite resins.
The crack growth was initiated at the regions of porosities.

The crack propagated on the filler-matrix interface,

As the crack increased in size, it accelerated to form secondary crack.

'UI-&-UJN:—‘

The fracture behaviour was dependent on the content, size, shape, and distribution of fillers.
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EXPLANATION OF FIGURES

I-Type (P-10) Pmax=370kg, 28.0kg/mnt

Microcracks are formed in adjacent to the porosities.

T-Type (P-10) Pmax=90kg, 27.2kg/mni

The crack propagate along the boundary between fillers and resin-matrix,

T-Type (CF) Pmax=82kg. 24 8kg/mm ‘

Fracture surface is formed along resin matixfiller interface.

I-Type (A) Pmax=243kg, 18.4kg/mm’

A lot of extrusions are formed on the surface of specimen before the cracks are joined
together,

I-Type (P30) Pmax=380kg, 28.7kg/mni’

Fracture is initiated at a flaw at a surface of the specimen.

T-Type (P30) Pmax=84kg, 25.4kg/mn

Fracture suface of striation type is formed along the filler particles.

T-Type (P30) Pmax=84kg, 25 .4kg/mn’

Fracture surface with tire track is formed by compression, ‘The crack velocity is retarded
by filler particles,

T-Type (P30) Pmax=94kg, 28 4kg/mnt

Vertical crack appear to be perpendicular to main crack.

Y-Type (P30) Pmax=102kg, 30.8kg/mn

The crack is propagated by dislocation pile-up of filler particles.

Y-Type (P30) Pmax=102kg, 30.8kg/mm

As crack increase in size, it accelerates to form secondary cracks.

Y-Type (P30) Pmax=394kg, 29.8kg/mmi.

The crack propagation accelerates intermittently in the proximity of porosities.

I type (LF), Pmax=394kg 29 .8kg/mm?

Fracture behavior around the porosity in the specimen.

The crack propagation acclerated near the porosity is to be.seen.

T-Type (LF), Pmax=100kg, 30.2kg/mni

Fracture appearance like tire track is not related to the filler particles because the size
of filler is too small.

T-Type (LF) Pmax=111kg, 33.6kg/mm’

The primary crack increase to form a secondary crack, and then is sufficient to form a

large fracture,

I-Type (EL) Pmax=397kg, 30.0kg/mm
The crack growth proceeds with its work irregularly.
I-Type (EL) Pmax=397kg, 30.0kg/mm’

The crack increase in size to form extrusions.
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I-Type (EL) Pmax=280kg, 21 2kg/mni

The crack is initiated at the porsities at surface of specimen, and then fracture is seemed
to be caused by main crack.

T-Type (EL) Pmax=60kg, 181 kg/mni’

Fracture surface is formed by shear failure.

Y-Type (EL) Pmax=86kg, 26.0kg/mm

The crack propagation is directed to the inner part of specimen from the region of
stress concentration,

Y-Type (EL) Pmax=86kg, 26.0kg/mm2

Fracture pattern with striation type is appeared in surroundings of filler particles.
I-Type (HM) Pmax=238kg, 21.4kg/mni

The Extrusions are formed perpendicular to the axis of load and fracture is formed
parallel to the axis of load.

I-Type (HM) Pmax=350kg, 26.5kg/mm’

The crack are formed at the region of surface-failure as a result of formation of excess
extrusions,

T-Type (HM) Pmax=67kg, 20.3kg/mm2

The fracture makes progress after the cracks are joined together,

Y-Type (HM) Pmax=94kg, 24 8kg/mm’

The cracks caused by extrusions make surface failure of the specimen,

Y-Type (HM) Pmax=94kg, 24.8kg/mm2

The same photography as Fig.27

The cracks are formed parallel to the axis of load, and the increase in diameter of speci-
men is to be seen,

Y-Type (HM) Pmax=80kg, 24 2kg/mni’

Severe surface failure is seemed to be influenced by the fracture at the region of stress
concentration.

Y-Type (HM) Pmax=80kg,  24.2kg/mmi

The region of stress concentration tends to be thin and parallel part of specimen tends
to be swell in diameter.

Y-Type (HM) Pmax=80kg, 24 2kg/mm*>

Fracture surface may not be influenced by the presence of the filler. The shape of the
filler is found to be spherical one.

I-Type (FF) Pmax=285kg, 21 .5kg/mm’

The crack in the adjacent to the porosites is to be seen, The crack growth is not seem
to be regated to the axis of load.

I-Type (FF) Pmax=305kg, 23.1kg/mn’

Extrusions are showen on the surface failure of specimen just before crack formation.
T-Type (FF) Pmax=80kg, 24 2kg/mm’

Fracture surface is flat at the filler-matrix interface.
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