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FAES) o} iUkt 438 e SAES AR

SHE GHER2 BY BEs #4389, e
ol Qv AN JEd BRERABERE, #
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Eige) BERGS OFe BEIEY BER,
ElRge] Hv HEHLRNA S EHRRE o 3td
& pEg wor Gk BAOREE it
HESD e dolo o3 mEss EHEX
%8 (stress intensity factor, K 2 R E F3h
—LE F &ol WIAMTE EHEXHRE,
ARSI HAishe S (stress) @] 5B (in-
tensity) & EBk3lH ol & &V EHLWHITY &
HE & 5 Aok, BN A o BT ol
BRI & HAEDEAGRREY B E HREE
o <% B Basly, o] gie HA e FAd
wa} Wska, A FAN THd FANA &
2ol A FAFROZE #o] dJIUA g
EEMHARET HE FAY &Y —Ed &S
ZAE), ol & PEMMBIEEY: (plane strain fra-
cture toughness)elg} 3} K2 @, & ¥
)R, HEY SIEEMETY fHo]
FEESHE RENA MRS B o BHES
Eokslel kel BEE k.

o K 1c Oy . failure stress
F == T F—

Jza a . size of crack

A9 KA BFEo] K¢ #& HRE23a] oF
BRIV X PREEES BAE & A3, =T
Fold HEATAAN #ME7E Ads U &Y
Zolg ®BEY s= U
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S22 19774 Roberts 52'0] BHA dl 2o s}
of SRS LIk KA sl A2 23 F 4 71290
sty BEHRIL, 53] 19874 Lloyd 9} Adam-
son & FHEE BHEME FHHEe #HedAg
glass ionomer, oFLe] PR IEELS HIE
st uh Aok, dEA bRzl dsiAle 1978 F
Roberts 5%°¢] B —4{E(single edge notch)& A&
HEHT =BRMEC 2 PIEESHENE e
#4319 3L, Bruckhurst &% Murray?E double tor-
sion bend #%-& FIAF ¥} 9lem, Cruickshank -
Boyd &} Lock™& =BAEMIET short-rod B8 M
Bkl AiE 7 o B Hikolet st
T 1985 4 Lloyd ¢} Adamson®2 LIRS BF%eol
AMET Be e obTdl Wisty AL
S WEst 2 ERE ARt o
AL HRMSE B

BSEE o] BB (Indentation Method) ol &1 % i
WMy REe) EEE B3 o, ol Vie-
kers TSR S] EEFoll 98 HaE BREA Hu=
RE BEHPHE HEe HEoE, FEHEHE
el JisESl FREE KA MEo Rgks &=
Fiktel gol FAEZ At @RS AT W
FHEES, SHAH BHY, &BRTBEEY™,
FlrE e 195 o] BEyEpiste Bk A
8l Qlom 19864 Hassan B¢ o] Hikog o}
kel pUEEEd sty B ®ET qF AU
t}.
old] FXE BEY HHA oMRFE HHzoes
B—4)JE3 K- (single edge notch specimen)& {4
T =R E ko) o3t PSS HE

Table I . The amalgam alloys investigated

331, F—8 o2 BFS R o2 Bk
o3 BEEMES WES HR 249 wRe o
710 W& vholt),

I, BEMH X EERAE

1. BEME

F WS 98 289 EePLREET 28
o] MHEEE 9% 2 BAE AR TRS
£ FEGon £& WFHRE MR 2 K
F— A&t Table I F 2o},

2. WEAHZ*

7vo ZRE kel o3 VST E

D AR

4ol 20mm, % 4mm, 7 2mm, Y 2mm 9]
E—ERA & BESY] 8ty Fig1d Ze
£BHIE WIFsET. ST BRT T

Fig 1. Mould used for single edge notch specimen.

Major elements

Hg to alloy

Code Alloys Morphology Ag Sn Cu ratio(%) Manufacturer
Ar Aristaloy L 68.4 26.7 4.3 50 Engelhard
Sp Caulk Spherical S 68-70 26-28 24 46 L.D.Caulk

No Nogama 2 L+S 68-70 18-19 11-12 52 Silmet

A21 Aristaloy-21 L+S 45 31 24 50 Engelhard

Ty Tytin S 60 27 13 43 S.S.White

Ve Veraloy L 45 30 25 50 Engelhard

L : Lathe - cut, S ¢ Spherical

21



e Z-g UE BEste ARl e BRAES
slgon, SHTHE LHog Loi&s Kol
ge AKHEE 1mmE BREZ F A= FRIY
et

sk gdol fgRd U KE-a& R N
B 2 mechanical amalgamator(Varimix I,
Caulk Co.)& fEFISIY SIS 1%, £BEEZld)
A 3L Instron universal testing machine(Model-
1125)¢ fERst 5% 1lmm o WEEEER 2030
psi ol EEHE st gHEAIZCH SEATHE £
FHoz Yojx ®HE HHd ARTLR BRrEsn
Kol LSS # 205H HKEAT
HES @A A SEksta 37C ERAMEAA 1
EHRE 5 % A ETHES emery paper
# 1200 7} A BHESIAT. obe R & FRE 1084
1 60 S RAHS BifFsl oD WIFE RAMEE
Fig 29 Zt}.

- 20 i_<2>_|
L 10
.

Fig 2. The single edge notch specimen and 3 - point
bending used in this study.

2) BB

T# F B9 BES 17mm 2 33 Instron
universal testing machine(Model-1125)2 {#fis}t<
S 1mm o) HEEE S SEIN ZREMESE
oA AT, BUEH digital measuring microscope
(Fusoh )& FIFstd 3ol FA®), FWH
P o) (2) & FREs WEste o 22 #HE
o2 PEHEMBEIEES KA.

_ 3PSJa

=2 [1.93-3.07()+ 14 532
©= gpw L0983 0TGT 10y

ad at
-25.11(E)+ 25.80(W)]
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P : force at failure, S: span length, Al notch le-
ngth B : specimen thickness, W : specimen width

EE g Jehd WEES EEETRME
(JSM-35) 2.2 EEIA.

. BREC o BmEE WE

D ARRE

=gEMEA MY B8 Ho2 WEINL
o B HEMER RES 0.05um ALOFHEEK S £
Bstd FHEANA BREPESIAT. 4 A%E
5712l RA & WIEstATh.

2) B

Vickers BERE 25 (Tokyo Testing #) & {#f3 7
B 10kg, AR 0ME2 BEY GRS BRA
J13 BRS WEBEMEsc 2 EEO WAl
g2y Zols EsA(Fig 3) T3 2L HE
Ho2 PHEEMEEE KA.

3

_H/F c
K ¢—><0.39<;—)

H : Vickers hardness number
& © constraint factor (% 3)

a . half of indentation diagonal
c - crack length

Fig 3. Indentation and crack in amalgam.(B-C : 24,
AD :2C)
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I, FERALHR

& EEOA e obdze B IBYIE
fE o} ob A7 A BRI Q) HETERAY it Tablell, Il
Figd ot #ow, BHEEA <9 HE" BEY
i 2 28] HEHERY B Table NV, V. Fig
49 2oy =3 =gEikE o3 B U
ERd BOHEY Vickers Rl o3l B4 S S
o EEBETERENBEY ERE Fig 73 Fig 8
7 2.

Tablell. Plane strain fracture toughness(Kic)

Alloys KiMNm 2 )
Aristaloy 1.563+ 0.093
Caulk spherical 1.650+ 0.101
Nogama 2 1.280+ 0.077
Aristaloy-21 1,155+ 0.063
Tytin 1.414+ 0.081
Veraloy 1.211+ 0.041

meant S.D

Table II. Statistical comparison of plane strain frac-

ture toughness

Ar Sp No A21 Ty Ve
Ar * * * *
Sp * * * *
No  * * * # *
A21 * * * *
Ty * % * % *
Ve * * * ¥

(#*) Denotes pairs of groups significantly different
at the 0.050 level

TablelV. Fracture toughness(Kc) from indentation

Alloys Kc(MNm?4)
Aristaloy 1.246% 0. 096
Caulk spherical 1.313+ 0.098
Nogama 2 1.198+ 0. 107
Aristaloy-21 0.966+ 0.113
Tytin 1.2294 0.138
Veraloy 1.062+ 0.083

meanz S.D
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Table V. Statistical comparison of fracture tough-
ness from indentation

Ar Sp No A21 Ty Ve
Ar * * *
Sp * * * *
No * * * *
A21 * % * *
Ty * * % *
Ve * * % * %

() Denotes pairs of groups significantly different
at the 0.050 level

MNm ™/ 2
2.0F
1.5}
1.0
0.5¢
Ar Sp No A2l Ty Ve

Fig 4. Comparison between two methods.
{7 : K from 3-point bending
Ml : K¢ from indentation
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okttt 8o 2 Kool FEFct e T}
E2 K@t g Bgoy BiioldAdpdE #Hes
2 e dmARe OE ERE Bk 95 %
{SHEKHEES X Scheffee HES] 18 HiEtHy M
&R Spet Ar, Vest A21Rdle HES 287}



SRt

BREY osto AIES olRtel wWiEltEE
0.966~1.313 MNm? ©24 =EAEHES] o8
KRt 22 EEI o ol 274/ &iEme IE
fre F—3stlo. = HEHY HEe #55 Sp 9} Ar,
Ty & Arfilole BES 287} g,

V., #5F % Z

ol iiklel S I (Ko o) &, §Zo
S R A 23S SRR S B g
BHEE BoRshe Mkt BHEEHEID oA
EXEAT. LU EHEARES a2 ik
KM B 1188 (Linear  elastic fracture mecha-
nics)oll 93] HAGARIY FHEewm It B
gl Je Aoz HHE 4 Asol ¥ Rt
SEEBEH BRI, R e Bt A
717}y ggg4e] Zolut Ao FAd) vE) R Fe
BWHETAA HE=SE Aol JES Kol #
EE 27 M A BB PEEs
HEMABHAKYS W ok 3t (Fig.5).

¢P
rma

o

< @in)

a,B= 2.5(%':5-)2, ysiyield strength

W, 0.45W<a<0.55W

B:E

Fig 5. Standard specimen for 3 - point bending.
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%400 HEES EET & Ut} Roberts 5V
KA BE 24 K% 5% 0.05mm & 0.5mm &) i
HREER, T 1EAZN 5% 0.5mm o FEEE
2 op7rel Kieghg HEdte MEZEE 0.05mm
g Ae (ESHERIREUS) Spheralloy 7} 7F8 =9k
{ESATI4IZU Q) New True Dentalloy T s Z7<l
Tytin ¥ Dispersalloy 7} 238 2& & BY
o FEEE 0.5mm/min A BEREHE #
fdlol BASRSiel New True Dentalloy 7F 717 Sk
ot 3l4t}. Cruickshank-Boyd ¢} Lock 5%& &
gRoE S Aristaloy 7t 7HE B SRl ¥
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e oA R R B MY ofude
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WY gad gied X #ge £R9 HEE
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A fEsERey od g Eke iR
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8l  Cruickshank-Boyd &+ Lock®™-&, co}l@3te]
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WY BET creep BHES Y oT]v BB M
L3k old <&t {Efol Lol %L creep #Y
I} S Bk k&S AT T Lioyd &
Adamson® &, $AE=Eo] Wingel wel v Al
e(Cu:Sn)#Eo] #ndls wkel gffo] iR T} SR
BEHEZE 2o EES] ®inel & el B
mz Bt pRT e BWEEAES WolA™ fTF
W BAgon etk =8 el
A = n(CusSndiEe 7HE EEY &
fHolAgt Kol 7H8 Mg & A2 Z nifol
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ol whel WEEEY o3 #REY £ U
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HEES #{ne) wE Kcare BAEEN o &
Aol FEFoletH, HE 1mmo WEEES RE
ato] Hi—faAle] K7t BEERD £4 Jed
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AERRsl BEVY KdliEd Ee il Aoz
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Hiel REYM e Bt 2R u
3led Roberts S°V& A4 BFIES 1EAKY K&
HIE StBeS v HES 25 dvkn #ifgsgen
Lloyd ¢} Adamson®-& Sybraloy & #5o 2 #iR
P2 MES FR 2 AR R Bt L
A HAER o, ol Hifik Fide obgz
{bi @l ASEHA BufiEo] Winst A v v
Ho| Syl FEdel whet H AL ekt & it
kst ok

B JElhd BERS EEETHEMEc R
Bzxs v, {REMUIBIZLQ Ar o} 27 (Fig 7-A) &) B
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s {EgHol T e ¢ BHE%T HENE
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ZREME o FESPIIRENERERS &
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A& ATt BRI o By M
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A 2717 Ren AAHE Jeu wva) 2o
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A5€ € 4 Jon mEozME, K
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formation of median crack
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expansion of subsurface crack

' 3%}
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Plan

Fig 6. Formation of indentation and crack
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Fig 7. Fracture surfaces of the amalgams as seen in a scanning electron microscope. Bar =20 pm
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Fig 8. SEM micrograph of indentaion crack. Bar=20 um
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— Abstract—

A STUDY ON THE FRACTURE TOUGHNESS OF DENTAL AMALGAMS

Hyeon Do Huh, Yung Hai Kim
Dept. of Conservative Dentistry, College of Dentistry, Seoul National University

The plane strain fracture toughness of a material characterize the resistance to fracture ini the presence
of a sharp crack under severe tensile condition. Fracture toughness can be determined by indentation
method. »

The purpose of this study was to investigate the fracture toughness of dental amalgams by measuring
the plane strain fracture toughness and the fracture toughenss from indentation method.

Two conventional and four high copper amalgam alloys were employed for this study. The amalgams
were prepared according to the AD.A. spec. No. 1 and inserted into the specially designed mould with
the single edge notch specimen to use in 3-point bending method. The specimens (20mm long, 4mm
wide, 2mm thick) were stored at 37C for 1 week, and tested in 3- point bending by means of Instron
at a cross- head speed of Imm/min. In indentation method, the specimens were made in same manner
as single edge notch specimens. The test was conducted with Vickers hardness tester at 10kg load.

The following results were obtained.

1. The plane strain fracture toughness and the fracture toughness from indentation method were higher
in the low copper amalgams than the high copper amalgams.

2. In high copper amalgams, the fracture toughness of amalgams decreases according as the copper
contents increase.

3. In similar copper contents, the single composition amalgams have a higher fracture toughness than
the admixed amalgams.
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