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Comparison of Three Testing Methods of Fracture
Toughness Using Indirect Composite

Akiike Shigenori, Nose Hirohisa, Hirota Yoshiaki, Tawada Yasuyuki and Komatsu Shigeki*
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BH#Y : Single-edge notched beam fracture toughness test (SENB) & Indentation fracture toughness
test (IF) B X UF Notchless triangular prism fracture toughness test (NTP) ®#1:5EMl & SAER 1 D
BRICDOWTHRGET L 7-.
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REZDIECEY ATDORL o 72 FRWBEBRGAR 2 ER L7z, BEEEME, BEALZTLEREGOR
WWIMBAEET 20 TH L. FEBRNBEBGHE OBIERMEM (K,) % 3WBREICE D MlE L. Bk
58T & Tukey L B TIT 2 o 72, RABRER OBILRIZ, HLEUGHTIC X D RES L 7-.
TR WE - ZMHh# & SEM IC X ABERTHBIZ2IC X 0 FM 0§ AREBIER R AR Sz, 3 Bk
&5 K 12k, AEEDPRED SN (p<001). SENB B ER AR 2 A 2IC 412, IF 32 M2,
NTP (3 3#EIZ/0 %8 L 72. SENB & NTP O #8837l 13 [/ Bk D 17 2 78 L 72, SENB & NTP (2,
K. (NTP)=0.82 x K, (SENB) +1.05 O Hi[il)g X 23H & (R*=99.7%) @& L7z, IF & MBI ED 5
Neroiz.
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KL B, Wtk 2 o B8 o 80 3l 12
S T 2 B g a SR R R P T d B Single-
edge notched beam fracture toughness test ( BA T
SENB) & Indentation fracture toughness test (LLF
IF) B X UM~ O@EREDs FEE LTH L <
% X7z Notchless triangular prism fracture tough-
ness test” (LUF NTP) o #91kRFlh & 2B o B4R
IZoWTC, AMOME L Y v BB O K, 2%
LT AZLIZE>TINLXZHLMNITHI LT
5.

1. MRAHE

1. BESMRERE

SENB & IF 13 JIS R 16077 12, NTP i Ruse 5 *
EEIHS Y oI L.

SENB i3, AMES KNOT— RV 2®EE L7
JTIRERERRE (AG-1, BEBAERT) 123 Bl ER
FREOTATF—VEZRD AT, 78ANY FAE—
F 05 mm/min TAIT- 72, #EEBREEITEZRIE, R K
EADUAAET, SCAHIEERE, i AL E B KOS
BEEOLEMFIZJIS R 1607 o kBER 1 & L7z (K1),
RRBEWE (LUF Pmax) &I6-03 A, #
WY 7 b (Mo _RUw A, BFEAET) 12X itek
L7z, = F I BBEEEOMEIE, I5-03 &l
MO TARNE & B W O TE T BEmMSE R (WTF752 b7
FAh) THRELZ FPEREREX (UTa &, 797
75 A ETHIE L. SENBIZX S K, (BLF KS)
OEMIE, JISR 1607 OFtHEA L &AM LA (K 1).

IF &, Y v h— AR (AVK-A, BIA8R1ER)
#HWT, WE 1 kgf, AMKER 15 sec DEMFTIT-
7o HEBGARDEIRIE, ¥ v b — ASHITR L CHERE
MEH2OEFZI0 mm/ES 5 mm OMFEE L7z IF I
£% K, UWFKD & HEOKXY &L (2.
RATHEYy A —=2WE (LLFH), €vh—AFE
DEE (LN 2) ZAREES (LT 2) &, 370
SEMEE L7z 2ak& 2cE, 7927 M54 ETEH
L7z, BEOBHEPBELTVDLELAD 2c 1, FIE
DTEE P SFE L REMEZ H W,

NTP %, AMES KNOT— KLV E2HEHLT
Jife B (AG-T, Ed8ERT) ICREBRG R % I
AT, 7oAy FAE—F 05 mm/min T{T\,
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As specimen 1 : =40, 0=
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: load at fracture (N)

: span, distance between the supports (m)
: thickness of specimen (m)

: width of the specimen (m)

: crack length (m)

K| : fracture toughness value (Pa-m!?2)

mgmw"u

1 SENB spacemen design and K, calculation formula

SENB OHEFEAK % & K 51X

Vickers indentation

K;=0.203(c/a)*"* Ha'?

. K¢ : fracture toughness (MPa-m'2)
H : Vickers hardness

© a :a half of the diagonal length of
: indentation (um)

¢ :a half of crack length (um)

2 IF specimen design and K. calculation formula by Nii-
hara”

BRI & % TF O#BREE & K At

Pmax & E-ZM A FHTHY 7 b (FIXT Y
L, BEEEUERT) ICXDME L7z, = N1 EKUE
HoMRE, WE-ZMMRoOERLEE 7727 7T
22X DHE LA NTPICX 5 K, (BT K N) i,
Ruse 5% OARXNSEM LA (K3).

2. #EREH
WEAMRE LR L Y VL, ko ~—Y 2 liE
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VRV PLY Y K74 — (Lot 03041, )&
DFC) &x257=7 C&B T F 2 (Lot 00208, 2
FLAF A AN, BT E) @28 8% vz Bk
BHE, FREROWMEL Y ¥ 2 REmA LLEAEIIM
BEAZEMAS25MCEVERLE. Stk y,
R & A DE NI X 5 45O WIED B ER R
L7z ClT& AHBGENE, 1 IR E RO T it &
H% 10 sec & LT 3R L7721, 200 sec DG
HEERITRo725M0 (DUF CO) EREARKICEHIC
110C, 15 min OMEE S %Mz 72544 (LLF CH)
D2FETH 5.

EIC & 2 #ERaARHE, 1 Mo RO 7t H &
% 10 sec & LT 3 mIfERE L7214, 300 sec DIEEA %
1o 724 (LUF EO) L REAKICE 512 110T,
15 min OMBAEEZ N2 7250 (LLF EH) @ 28T
H5b.

FHEAEIZ a LIGHT IN (£ %) %, NHAEE
PRI KL-310 (Z T L AT HI) ZHWT.

BeERAR OREN 5-1%, 7 7 1 VORI 72,
SENB & NTP O#EREE L, iz ) a v —
INA R R—8—#600 THIEE L, #%L7:. IF OfER
Ak, RBREZ 03 um DT A XY E Y 8w 57—\
L0 SEEATE L. TRTOBENENL, 37CKPIC
1 HIRE L 7.

3. AFEk#E

WM Bk © SENB, IF, NTP @ 3 &, #
ERal k< CO, CH, EO, EH ® 4 &t oflatbr
12544 Lz WEid, 50Tl EL 6 MIT-
72 (n=6).

4. IRETEEAR

1) 3R SRR & BB o 5o 2

RO EEME Levene DME (a=0.05) THf
WL7z0b, ZIohLE ST (a=005) & Tukey
OE (a=0.05) 12X KEF L7z,

2) DRV SRR O B M AT

K B TR 4 1o W T —JT R S
#r (a=0.05) & Tukey D#E (a=005) 12 & D #ES
L7z

3) WV SRR O B AR

KRB TR E U 72 B BaR 4 Sk o K O P

Pmax

K= T min

DW'"*

K : fracture toughness (MPa-m'?)

Pmax : maximum load (N)

D : specimen diameter (12mm)

W : specimen length (10.5mm)

T min : the dimensionless stress intensity
factor coefficient minimum (28)

3 NTP spacemen design and K, calculation formula

NTP O#ERAR k& K B

ZAFEEE L CREBER ORT 25 0 BLARSHEC
X OMET L7,

1. =23

1. BEHTEERER

1) SENB & NTP ®O# Wi

fiif -2 AR O AR PE % 7R L 72 SENB & NTP @
BRI (X 4~11) 1%, BEERGARIEREOE LD 2 23
WWNEOERGIIIEL Wi, 7527 b5 A,
L ZLEATIE £ O 5 BB/ 2 W o el & B0
IN=RY — U IN, ZoRIE, P TEME L
Wi 2Sse S 215 Th o7z, CORMN 7S b o5
L% E— F 1 BIEREIC X 52l & AN e
D77 7T EHRLT.

2) €y — AR L BRI

20 LI ICEIZR T E 7278, ¥y — A EED S
S % 2c ORELIGHE O IR 2 HIBHII KT H - 72 (11
12~15).

2. WIEEIMRERE CHEREBORE

Levene OIE DfGH, 55wtk % 2 L 72 (p<0.05).
ZICRCE ST OFE R, BRI & BRI E B
(p<0.01) %372, T/ Tukey DMEL Y, TXC
DRIERIVERBRE M CH B (p<0.01) 2D B
Bt Rk Ci1k, CO & EO MDA CTHEZ% (p<0.01)
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CO 01286 SEI 15.0kY x40 10@8pm

4 Scanning electron fractograph (x
40) of CO by SENB
SENB |2 & % CO & 1 M S
Wi (x40)

EH 001362 SET 15.0kV x40 108pm

7 Scanning electron fractograph (X 8
40) of EH by SENB
SENB |2 & 5 EH @ %+ S e
Wi {5 (x40) g (x40)

4~11

5 Scanning electron fractograph (x
40) of CH by SENB
SENB (2 & % CH O T BEMMSE0
Wrikifg (< 40)

CO 001262 SEI 15.0kY x40  10Bm CH

Scanning electron fractograph (X
40) of CO by NTP
NTP 2 X % CO DT BAM ST W

52 7% 175 (2008)

6 Scanning electron fractograph (x
40) of EO by SENB
SENB |2 & % EO & T SBAMEE
Wriif5 (x40)

PR1315 SEI 15.0kY x40 10@m

9 Scanning electron fractograph (X
40) of CH by NTP
NTP 2 X %5 CH O 1 BAM ST Wi
THif% (x40)

a : Stable fracture area, b : Unstable fracture area, ¢ : notch

a WEMIER, b NREMIERE, ¢ YIRS

7. LH»L, SENB & NTPIZxf L CTIF T
CH, CO, EO Ol /R LT\ 5 & ) 12k & %
Bt RHC R B RO BE LA E (p<001) %o
7= (¥ 16).

3. BEIEEIME K BRIA DB MR

K Sk, T XRTCOBBRAB CRHEICHEE
(p<001) ZFH7- (XM17). K Iix, CH & CO, EH
& EO MDAV CTHEZ (p<001) o7 (X 18).
KN, CH & CO MMM THEZA (p<0.01) ZGED
7z (X119).

4. BIRFEAREDRIR

AR O B VERFA O K5 R S A B AN (R =
0997) % if® 7z SENB & NTP (22w T Hi [l Ji 53 H7
(a=0.05) %17 > 72 #, K N=082xK;S+105 |Z7R

FTHERASHEE (p=001) [SEETLHILERDL
(K 20). F72, IF & SENB(R*=0.013) BLXOIF &
NTP(R*=0015) & OHIBEMIZRD Sk d o7z,

Iv. £ =

1. MRESE

FERRFETE S, BERE & MPRHREE 2 B8 L CRkEt T 5.
FRZ, MR IR SISOV TSI S h s &
ENL W, EETIE, ThIETOEMMBS, FIRR
X ENTREISA T K S X 2WMEHEA VSR
5 E9CHhoTE. TR, £ L OWEMEAVINE
BLREARHPA N CRIE O A2 R TR I TH D 2
&, BRRE 7 4 7 —RAERE T4 T—ORVEAREIC
LMD EHEMDPEL L ko TEZT L, IS,
ASTM, JSME ®OiRERY: % SR RN G L 72 89157
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10 Scanning electron fractograph (% 11 Scanning electron fractograph (x
40) of EH by NTP

NTP 2 & % EH o1 BB S
Hifg (x40)

40) of EO by NTP
NTP 12 & % EO O T B b
% (x40)

400 10pm

400) of CH by IF
IF I & % CH O -1- B S al Wy imi
% (x400)

DA VRS, EBRIIEH SN TETWBE 2 & 07,
K S IIE R RN L 7 508k 51 L RIB ST
ETCVALILENERIIHA. Lo LBELIE—TF,
BBt B OB Y, K o f B L OEHRITRA
THERDOENILE LK . ONTYF Y 26T 2
WL DY, FTRE: L AR oA R
RERTEM O MR Z WIS 2 LEDRH 2

AR 2 B L, BRI oo A R & FEB LA
HLCwAKOGmIAV oG shTwns.
Fischer 5 ' 1%, SENB & IF Z i L72. 2L CTIF
O HVE% BT % —F TRAGAENO R I % Rk~
7z. Scherrer & 7 1%, SENB & IF & & 5 (2 Inden-
tation fracture strength test Z L& L7-. Z L CId
FICIF Ofii g2 @il 2 —HTTF =y DIV F
DWEHBICBWCHEE 25 2 L2 L0 H O RS %k
~ 7-. Fujishima » ' 1%, SENB, Compact tension
fracture toughness test (LLF CT), Chevron notch
short rod fracture toughness test (LL'F CNS), Dou-

EH 0901351 SEI 15.0kV x40 100pm

EO  ser is.mkv
13 Scanning electron fractograph (X 14 Scanning electron fractograph (x 15 Scanning electron fractograph (<

400) of EO by IF
IF 12 X % EO OB Sank i
% (x400)

12 Scanning electron fractograph (X
400) of CO by IF
IF 12 & % CO O -1 B S Wi i
% (x400)

400 10pm

400 18pm

400) of EH by IF
IF (2 & % EH O B8 b

1% (x400)
—0—CO
354 ——CH
5 ——EO0
——EH
= 254
g [ -SD
< 27
=
= 1.5
5
1_
0.5
0
NTP SENB IF

16 Intreraction relationship between testing methods and
experimental specimens

A & B EUR & DA

ble torsion fracture toughness test (LL'F DT) %It
L7, ZLCCT, DT 31D W#EETH Y, CNS
WEHTHSZ L, DT RHIEORIFETH S
&, CNS IFMhalERE & K L TR 2 /R0 H
5 Z & w7,
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w
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ES
"ok
2.5 — T,—l
— i
= 904 T
= 2.0 T
£ 15
=)
2 1.0
0.54
0.0
Co cH EO EH

(% : p<0.01)

17 K, measured by SENB
SENB 2 & ) #llsg L7z K,

NS OMIIE, BB, WESrRE, W)
Bk oWy - BE B EE L7729 2T, SENB
% PRRMRT R S5 TP A BB : & A7 18 O 1 Tl
DISHEZFEL T2 DO TH 5. AiiCidFEED
T2 ebZ LT SENBXYEHLA, CNSOLH
BETHLHLNTP Otk EiET 52 &, iy
PEDSEHIL S TV B A ZDISHEIC O WT 7AW 2
HDdH5HIF #HEMRATAIE, BXUOZRLREKR
EHOMBREZNRICT A ENTEREERS.

2. wWEREA WM

R SRR O I M 2 BRI A EBR T, HIY
S X ) BB O ENEEE 25 0 KR,
SENB # #5#t & LU C IF & NTP @ 9% 5¢ 4l % F23E 3
LTl BIXUORBREMOMEBRZWAEICTLZEZH
e LTwab., £ THEBHEDOERTIE, K, 2%
FHEAITH BT &MY, BBRREMER O S E I &
D —EHPHANTHEDSZE DL E, 7927 M T AIC
$5E— NI RBBEORBATERTHL &2,
WA E AR S THH I L ZEBLTCE L C%
IR 72,
WMESINTVE A= —BEESGFMHIIBITS 2D
OMEL YD K, &, SENBTHEINTWDLHD
TCEEEDHITLT075 240 MPa-m"* O #iPH TdH
. RELlZBwTid, CO & EHMA - —{REE
BEMCHY, FoMlF, EPLTW5S.

B & R O IR S BT S, SRR

[ 20

52 % 175 (2008)

%
, % , I :SD
25 ' .
| % 1
1
2.0+
E s
[a
=
= 104
v
0.5
00 co CH EO EH
(% : p<0.01)
18 K, measured by IF
IFIZX D PE L7 K,
%
, - . |:sp
35- ' *
%
3.04 f I * !
. 251 I I
g 204
a5
[a )
= 15
104
0.5
0.0
CO CH EO EH
(% :p<001)
19 K, measured by NTP
NTP 2 X D ifllg L7z Ky,
3.5 (p<0.01)
3_ L)

KN (MPa-m'"?)
5
1

O T T T T T
0 05 1 15 2 25 3

K..S (MPa-m'?)

SENB & NTP o [ul)g 5547

Simple linear regression analysis of SENB and NTP
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EHBEARMICEEICHEREEEZRL TS Z LI,
SENB TiZ 1.60~2.70 MPa-m"? NTP TiZ 2.13~3.13
MPa-m'? IF Tid 1.39~2.15 MPa-m"? @ 3 \v» & P
THOMIMII OB I EHEATRETH D 2 L 2 RIE L
TWwb. FFEK, FREO M)y 7 ALY T
ASROT7 49 —GHRY OWEL Y Y I2BW»T
b7 45— REOEY (RERE IR L Eg
FfroE OtEELMBES) 1CX ) Re28M%
REZELERTIBIE LOTHY, TALDOLY Y
DWHENDEERFIZOVWTOmLE—H LTS
RS N,

L L, BEICEERREEMRRIE, BRI
AFEDRZ DWW TH B Z EIZOW TR 25375,
REAERED 7T 7 (K16) 705 IF OPEFHMAS
WELTWLILEPWLITHY, F/SENBIZH
W, IRTOPEBRBHCRELAEE (p<0.01)
ARBOTVDLI L2 TEZDE, KWLiT4FED
FeTp D% S OWERBURHC X 2 BIVERFA 25 HES € &
TVWbEt Vo TInThsr9.

WEL Y Y OMEIIRRENICEILTLEEIND
T, WBEENE, WK E T 5 TCAKHBTL HIR

,A:Eg I/ 71«: 29, 30)‘

3. E— N IEMRHHIE

AERE, £ FTABUBHAIBEEIC BT % K, &
T L0 THDL Y.

Z ZTSENB & NTP Ti&, o /1-0 3 Allifd %
W E-E AR I BV TR 2 MR L, RIS
752 b5 AIBWTE—F I BRI O
B E % B ZE IR & AN E MR 2 iR L 7.

WEL Y Y OREWFEREIE, <Py 2 ALY VN
DD T 4 7 — %ML THEITTLILITX
DUN=IE—=2%DL ), ZOHIZT 4 T —%EH
LTV TH L. FLALEHIER T, &
HB37 4 7 —NFICHEITT 5 2 LI & ) PR pigE
% /Re S L DR TH B P

X 4~1112RFTSENB E NTP D75 27 + 75 Al
BWTINLOREIBIHEINTV ..

IF Ti&, ME oM Kk, EFofEsfr
RIS & o TRAOFAERNAZELT 2 % 2 & h
5, BEHBOWMHEGEISSVAI AN Sy 7, R
VT r99 0, STFINTTIy 7 RBETLIEN

HWENTWE Y Lalopigid, EwICH
WTHDH, T THRWLTIE, BEIRBENRTWDS
IFoHh L) #iEREE WSR2 68T 5
P 2BIR L 72, Zo3BRETIE, c/ani25 B
WIZH B5E1E, I FEAEDHMET/SVLAZEA Y
S INEMHTHY AT T Y75y 7% LvwEL
T2 KRETIE, c/ald P 214 (#iPHIZ 2.06
~233) THHEZ e oH#EEEZS.

4. SENB D#014 54

SENB (&, =R FRaEmmERBLETh 5. Bk
BOFED BV ITBRABIBIICE— F 1 s ) 2 Hh
X520 REMNGOHMEDENEH DA, =
TR SRR 1L, ORI IC BT IR
ENTwWA. LaL, Ko M1IRT &
I Pmax Dfiica ZMEL 2 NIE RS Hw. 2
D72 DI FHT K o T a O P 5E K BE AT FE A 12 52
YL ENEZONS. JISR1607 TlX, 752 b
TG ANBHBEVEIETE S AFIZI BMERHEREL
TWwh, KigXTlx, 7927 721XV MEL
72. Z0OfE%, CO, CH, EO, EH TZ*hZh 06+
005, 06+0.03, 06=010, 0.6+0.03 mm THER K}
DN X BEFAVNE N ED S ZOHBIEIV N
LEZDH., TORBIIBWT, K I1ZE0160+0.14
MPa-m"?)<CO(1.97 £0.13 MPa-m"?*) <CH (2.29 +0.17
MPa-m"?) <EH(2.70 025 MPa-m"?) & @& %A &
FERRD. 2L, MEREEARTOENIZE D
W ELEZ L 52 TWALDOTHY, ASDH
16718 L BRI SENB E, a OB EAMR VST IC
BT, WO SWREBETH L L E R 5.

5. IF OENMEET
BEOEHMEMEIrNETH 5 2 &, B, B
ATVl < ERRISEWS &, 2208 AN
LHid B T & b, BRI O BLHEAL 2 R 0
FT5—7T, REEMNAETT A, BEEND L
L5, WEREE L OIS X o TIEE R T
BHoHELTHMLEHTIMED RSN TWVS >0,
RIS T, c/ad P14 THHLZ e, fHik
BRBE R Wi 5 TH 2 HTEEC X 2 8P
FHE L7 2of%E, K3 CO(145+0.12 MPa-
m"?), CH(1.36+0.06 MPa-m"?), EO(2.05=0.04
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MPa-m"?) & EH(215+0.11 MPa-m"?) <, #l®
#9 CLEDEMMTHEZ (p<001) 2D
CHUIERREAEIED 7 4 5 —ILREDENI L S E
MREDENDS, BROFREMWEOFAELDY DBKREL
WL 72b D% 2 5. Scherrer” ® Wagner 5 713,
tI3Iv LA FTARHVIZRBTIF DK, DT
WV F BRI BT B WERFEM & DA & EBLL T
XTWaY, WELY YD) ZHEAMEIZENT
&, MRS X 2 BRAORME WS HEE RS, X
0 —JE, BPERECEEDSH S EEZ .

6. NTP DEUHEET

CNS X SENB L W 24 @ K o5l s h 25, 3
R O s VWERERIETH B BT L L, W
#AEHZ Chevron notch 259 2 EDO BN H 5.

NTP? 13 B s ER I Tl 2 v as, ONS &AL L
PR AR E R S R R L2 MY W RIETH Y,
PRE O B FE A~ OIS T P DS .

AKEBIZBWTHHEL Y V12X 5 NTP o8z
BHERIZ, SENBICHEEL THESTH -7z,

K, &, EO(213+0.17 MPa-m'"?*) <C0O(2.49+0.23
MPa-m'"?) <CH(2.72+0.27 MPa-m"?) <EH (3.13+0.14
MPa-m"?) & SENB & V) EftiTdH %25, MR X
[ AR DM 2 7R L7z,

L2 LCHE COMDAREAZRDZ VI LI,
SENB (2R § % & Bl oMt w22 Lh
2,

7. REBREORER

BRI R 2 B W TR O Bl SR % 2T L T
WHRXIEH A L L, REREMOBERZ
EELb0F &H5 Y ot Y PR
SENB & NTP ORI OVTORIAH LD DT
H5bH. K OWRICBTHRHIE S L 72l Bridios®
WENTWE LTH, BREICED KDWY
U230 ThiuE, FHlikICRELEHOMGRE ZRT 5
CLENEELEZ L.

SENB & NTP O BfRid, ##EBHE O K. OF¥
EEREMEE L2RTF—7 =125, HEGHH T
et L7z, EBROWE b, H—@ffrboxR7 57— % —
14 H I EDTERVD, SRIOMKEHLBEITZ Y% b
DEEZ B, HIGEHHORRIL, KN=082xK,S+

52 % 1% (2008)

105 THEEICAELRBRERLTVA. 21U, &3
506 MR A~ Mk 5B K N=123 K,S—
0.07 L FIFEIC, %4 NTP 25l 2 /R3S 5
nrz-.

V. #& B

R — A IO T S B Bl R 3 B s SENB
& IFBLUCNS 2R L7728 L NTP @ 3 fliikER
HEOREREAN & AREEM OBRE I 52T 5720,
MK O L Y v CEAFMEEEZ T AEOFER
BB 2L, 20K, ZHlE LKL, #
DFEFLUT OFE T & 1572,

I gL YL, #MREEAEMEOEVICE) R
LW AR L7z,

2. A FEDFEERIBIERFRIC OV T, B 3
X D HVEEIE A D D IE0) TR, Z0
K/NBIERIZ S DD - 72,

3. SENB & NTP i id @I (R =0.997) % #8,
ZomEix, K N=082%xK,S+1.05 Tdh - 7.
4. IF £ SENB B X O"'NTP & O MHBEMIZ#ED 51
T, ME LY oS & LTIk SENB
BLXUONTPOLDB#EETH S I LARE SN,

i

Fa iz b hizh, TRELD THR, TKRE%
Who 7= ARAEEHAZI WFIESEA, SRR B A
BV, st v ¥ — =T R EdR R 5 NS
S I T 72 B R B T4 8 D KA D2 & G 72
LET.

X #

1) &, MRS, M . R AGE R X 2 b
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ABSTRACT

Purpose : The aim of this study was to determine the adaptability of fracture toughness evaluation and
the relationship between three testing methods: single-edge notched beam fracture toughness test (SENB),
indentation fracture toughness test (IF), and notchless triangular prism fracture toughness test (NTP).
Methods : Two types of indirect composite, Ceramage and Estenia C&B, were used. Four types of experi-
mental specimens were prepared under two curing conditions for each composite resin. One curing condi-
tion was only light curing and the other was heat curing after light curing. The fracture toughness value
(K,.) of the experimental specimens was measured by each of the three fracture toughness tests. K. of
each test was compared by ANOVA and Tukey’s multiple comparison test for the adaptability of fracture
toughness evaluation. Then the correlation of two tests was evaluated by a simple linear regression analy-
sis.

Results : Evaluation of the load-strain curve (or load-deflection curve) and fracture surface observation of
SEM suggested the plane strain fracture phenomenon. K. values obtained by the three testing methods
were significantly different (p<0.01). SENB could separate significantly these experimental specimens
into four groups. IF could separate them into two groups. NTP could separate them into three groups.
The fracture toughness evaluation of NTP was almost the same as that of SENB. The relationship be-
tween SENB and NTP showed a significant correlation (R?=99.7%) and its equation was NTP (K,.)=0.82
SENB (K, +1.05. IF did not show a significant correlation.

Conclusion : These indirect composites tested exhibited different fracture toughnesses. This difference
occurred due to the contents and curing conditions. The adaptability of fracture toughness evaluation
showed different values depending on the testing method. The relationship of SENB and NTP showed a
significant correlation.
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