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Alstract

Elastic-plastic fracture toughness Jic can be used as an effective design criterion in elastic
plastic fracture mechanics. In the Jic test methods approved by ASTM and JSME, there are
discrepancies such as the definition of Ji, the slope of the blunting line, curve fitting method and
the measurement of crack extension etc. The objective of this paper is to evaluate the effect of
these discrepancies on the determination of Jic values. Fracture toughness tests were performed
on A516, SA508 and SCM415 steels, and test results were analyzed according to ASTM E 813-81,
ASTM E 813-87 and JSME S 001-1981. Results showed significant differences depending on the
analysis methods. Therefore, a conversion equation between two ASTM methods was proposed,
and the conversion error was within acceptable range (less then 8.5%).
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Table 1 Chemical composition of materials (Wt. %)

C Si Mn P

S Cr Mo Al Ni A4

Ab16

.21 .24

1.07 .013

.004

— .06

.035

.20

.38

SA508 17

.04 1.42 .004

.003

.22 .58

.003

.98

.003

SCM415 |- 15

.22 .71 .02

.01

1.0 .21

Table 2 Mechanical properties

Tensile strength Yield strength Elongation
(kgf/mm?) (kgf/mm?) (%)
A516 60.0 41.6 22
SA508 60.9 46.8 27.5
SCM415 85.1 | 65.0 21




656 HRA . HEA .
63 o 254
-
29 ;——
e tn
: S
50.8
Fig. 6 Dimensions of specimen
lt-gﬁ[? ENVIRONMENTAL | CONTROLLER
B L2
ESPEIMEN LEVIS |
gty
! ° i XY
! S0 RECORDER
1 |
N U IS
ACTUATOR

TCTTETTETTT T T YT T L vv Yy

Fig. 7 Schematic diagram of testing system

3.2 dEzEx

Ag 2 AdaeRA, 258 §89 Servohy-
draulic Computer Controlled Materials Testing
System& Al&agdrh, AFLEE ALEEAY
3111 =dlgl £1C¢ A E 71A" Environmen-
tal Chamber System-3 Ap&3lod z=As Ak st
ZFA2 WYE JdarrZad HHYA o = (COD
gage) & Ahgste] S5t Fig 72 & Al
A AR AgAA 9] efxojrt,

3.3 Agdy

Ab516 Grade 70 ofd 7o} A151& ASTM E 8139
o wtzl o} A} 3 (multiple specimen technique)
o2 AY¥L fgen, o AAEF ASTME 813
-814 3 ASTM E 813-87# o2 sjAsiydct, =
ASTMY 5 JSME®-g uv)m3slr] 9sle, JSME S

¥AE - 7oA

001-1981ell whet of Aldxl R-FARH SZW
Woz AL st AWLE 25£1CA A
& e, 48 3 300C #7] 24 10—%7& 7}
od 24 (heat tinting) & & ¥ A& sixdeid
d7ol g ZAs A, SZWe SZWce AAdn|
A (SEM) oz 100w @vjste] ZA3sk3ie),

SA508 wrz7k3 SCM415 tadze Jie 432
ASTME 8139] wd Ajgilez AYPE 3t 1
A 72 E 813-814 3} E 813-874 o2 #A3sqrt,
ol 7AH AAL A& RE& oL, 4¥
2.5 = Environmental Chamber System$& A}£-3}
o 0T, 20C, 40C, 60C, 80CE #H3IAZH. =4
Ao A4 BFEHE ol &3t e

8

4. 21 &
41 AEAY

A516 Grade 70 491738 o] &3t ASTMH 7

JSME®j e = Aldyes jic A¥E A
30 o)
. . 0.15== EXCLUSION LINE A 516
& 3 [ 25°C
S 20+ 5 G
k-4 ) ()
LanY Jie REGRESSION LINE
10T
0.2 = OFF:
0 05
Aa (mm)
Fig. 8 J-Ada curve by ASTM E 813-87
30
. 0.15= EXCLUSION LINE
€ 3
£
32
::_5 a,
REGRESSIQN
- 10L LI
Jie
0 05 1 15 2 25
Aa (mm)

Fig. 9 J-4aq curve by ASTM E 813-81



Azel ek HAMA ficd) T2 AFAHel BF AT (1)

30 T
—_ A516
£ 2%C o
REGRESSIQN LINE
“\—m 20 ] j.: ,é}(':l
= & &
- 5 ' = Eausioy Lie
g
3 Jc:8.7
0 05 1 15 2
Ac (mm) 2 ?

Fig. 10 J-Aq curve by JSME S 001-1981

657
20
A516

E o L P 25°C
S 20t
o
X o]
A 10} ol aet™

e : T, 190

02 2%y3 04 05
SZW {mm)

Fig. 11 J-SZW curve

0 01

Table 8 Test results

Tem Jic (kgf/mm) Initial Crack
Material C )p. — crack length extension

E 813-81 E 813-87 (mm) (mm)
0 28 57 31.3 1.78
20 60 73 33.4 2.14

SA508
40 69 80 32.3 2.27

L

80 73 81 31.6 2.26
20 41 47 30.8 1.69
40 44 51 29.8 1.62

SCM415
60 44 54 29.3 1.75
80 55 57 31.1 2.16

ASTM E 8139 ©} Almiwel R-IAHeoz 43Y
o 3led, ASTME 813-879jo 2 si4d ZHAie
Fig. 83 o0}, o7jelAl Jeiz 10.2kgf/mmE
eyt 2he Algzdztd ASTM E 813-81njeos
sk Fig 994 7oew of AR} Seve T
dkgf/mma Jepyloh,

JSME®} S 001-1981¢} Agdse] w2t R-FA
Woz AYY Ase Fig 1054 Fow, of wd
Jic e 87kgf/mmz Jelwth =, JSME S 001
9] SZWwl oz A¥F A Fig 1134 Zor,
Jic 3% 9.0kgf/mmz el

g SCM4157+3F SA5087kol csled & v A
Ayez AY¥e sigod, Lrwstl @& Ji
3t< Table 37 7o},

4.2 R-Z4lof #st mE
A516 Grade 707+ 25ColAe] AYARE o] &

A9 2 Aggel me HaASEeE FH R-F
A9 e dest 2o,

ASTM E 813-81: J=13.6 da+6.4 (Fig. 9)
ASTM E 813-87 : J =20.5(da)"*® (Fig. 8)
JSME S 001-1981 : J=7.8 44+6.6 (Fig. 10)

ASTM E 813-81' 3+ JSME S 001-1981%} ©. 2
F4 R-TAS AL vinsd, J3 HAL 649
660 % wl=3t, 71¢7)E 1363 782 ASTM™
o ASst gA 2 dehgd ele@ s
dole FAUAF da FHHel A2 Tz
9ol Rez Azdc dg9) FHA ASTMH
AAE AA 9AlA ZAS 2 FFRS Loz
71, JSMEflAE 4 3%el4 S48 o
HERE o2 {9, wehs JSMEWez %7
¥ do’} ASTMHOoZ 23 davh 2 v
v, 22 <lste] R-TAe s14717 Feldvin
Azt e,



658 A kA

4.3 F3EAo) et D&

%34l (blunting line)-& ASTMHo A= J=2
ovsda Eof gl, JSMExjolA& Aol o3}
TEHEE sHol Uupd B AgelAMe
Grade 70 gtod 7ol dlsto] 74 F34l9
1 7o

ASTMY : J=20vsda=101.64a
JSMEY :© J=0.640vsda=32.64da

Je ¥ T34 R-FAe g AAs=
2, FHAL zol7t Jio Frel QgL uHA #
Aoltt, ASTM E 813-81% 9] Aol AA] Aol
A T J=0640vsdad] AT AL S F
o} 11.0kgf/mm= slo] ASTM E 813-81 o g
T Jic &l Tdkef/mmyct " ZA Jebde,
%, T3AE J=20vsdaR ﬂc’ik] Ageor F
e Jiegtol H4%r) s Aoz vehd
o, z2fut JSMEWo] wte} Adgdoz F3H44
T Af AAdr|AE o] &3l SZWE FA3
ofof st2g w|AAAoln], AL R L o] &35l
£ SZWE 983 fAAsr7F oJdce
At

ASTM E 813-81H o2 3 Jc et JSME
o R-ZAHeE TG fic ol A EiRteh
2 Aole F2 FHAY J1E7] ztojdld dAfH
o AzEe da FAEY zleld BE R-TA
o] Aolells AfHcta Az,

i

a5y

2ol

ok

Zq%/i] ]

=

DERE L

JSMEH el R-3449 A3sh SIWRel A3
A9 dlabA debed, oE S T3
A% AgA AED Roleh, SIWHS) ASE
R-FA4MolAsk o] FHAS A7} Jie Fol
£ 39E oAt Hey 488 EHAS P
oF FrHe olzigel Ueh ze} SZWHS A4,
AT T FRAAE A & olo]
5 49 ol AR oS @] ol e A%l
E QA Sk FE 4 e AR AT,

r
ml

f’ﬂ

44 |E da° HYof st T
ASTMH 2} JSME¥ ol #8 dad #HHA7F A
2 gz, e £ dFedE JSMEY R-F
Aoz A4F ded] ALHAT Jio Fel oA
t 4%s AEsd, Fig 10604 & oo ¥
Aol wtE R-FAY A Jic & e 2,
da<l0mm : J=78 da+6.6, Jic=8.7Tkgf/mm
da<15mm : J=88 da+6.1, Jic=8.4kgf/mm
da<25mm : J=8.7 da+6.1, Jic=84kgf/mm
da®) A4 W9el otz R-ZA Y AelE ozt
A9 Aol7k Yot Jie Bole & FFE AR

e & 4 s

0 X
4=

4.5 AST i E 813%of cist D&t
ASTM E Q13-81 o2 A48 J 3 7.4kgf/

mmoji} e dlolE] & E 813-87# ez &A4sd

Table 4 Conversion errors

E 813-81
Material Test Temp. E 8}3‘87 Error
method (C) Jic-a1 Slope Jic-s2 (kgf/llc‘nm) (%)
(kgf/mm) | (kgf/mm?) | (kgf/mm)
Multiple
A516 specimen 25 7.4 13.6 10.5 10.2 2.9
technique
0 28 61.9 57 57 0
Single 20 60 48.6 78 73 6.8
SA508 specimen
technique 40 69 43.0 83 80 3.8
80 73 42.3 87 81 7.4
20 41 38.7 51 47 8.5
Single 40 44 36.4 54 51 5.9
SCM415 specimen
technique 60 44 36.1 54 54 0
80 55 16.3 59 57 3.5
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