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Crack Growth Instability for Ductile Material Using
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Abstract

Applicability of T, proposed by Shih et al as an instability parameter for ductile material is
investigated, Both general fracture test and instability fracture test are performed using compact
tension specimens of structural alloy steel(SCM4), The values of (T}).m(applied tearing
modulus) estimated from the real load vs. crack growth curve measured from experiments are
compared with those estimated from the limit load vs. crack growth curve. The results are: (1)
the T, parameter may be used as a crack instability parameter : (2) the use 0f ( Ts) opp estimated
from the load-crack growth curve, proposed in this study is reasonably justified.
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Table 1 Chemical compositions(Wt %)

C Si Mn P

S Cr Mo

38/43 1 .15/35 | 60/85 | /3

90/12 | .15/12

.15/.30

Table 2 Mechanical properties (after 2nd tempering)

Young’s modulus 21100kgf/mm?
Yield stress 71.5kgf/mm?
Ultimate strength '83.1kgf/mm?
Poisson’s ratio 3
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Fig. 2 Geometry and demensions of the compact

tension specimen
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Table 3 Hardness mesurement (Rocwell-C)

After machine working 22.3(HRC)
After quenching 63.7(HRC)
After 1st tempering 46.6 (HRC)
After 2nd tempering 31.1(HRC)
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Fig. 3 Fracture test system
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Table 4 The result of the general fracture test

Specimen o (@o)m as (@r)m  da; (dagm  dic 7o (To)ma: _ dP
da
A601 30.209  29.738  32.643  33.053 2.434 3.315 .210 49 129.7 473.53
A602 30.498  29.883  32.665  33.503 2.176 3.462 179 .51 135.9 483.32
A603 30.365 29.678  32.679  32.999 2314 3.321 174 A8 1289 478.44
A651 33286 33.241 36.007  35.696 2.721 2.455 214 .55 107.8 388.03
A652 34.040 33.682 35711  36.474 1.672 2.792 218 52 105.1 382.16
A653 34.087 33578  36.071  36.232 1.984 2.654 .208 .54 103.1 368.97
A701 36.690 36.400 37.993  38.287 1.303 1.887 274 .56 116.9 390.66
AT702 36.384  36.186  37.758  38.467 1.374 2.280 215 .56 90.1 322.22
AT703 36.363  36.308 37.603  38.250 1.240 1.942 227 .51 118.2 346.89
A751 38.830  38.741  40.111 40472 1.282 1.730 .210 .58 99.6 237.74
A752 38949  38.861  40.192  40.530 1.243 1.669 .262 .56 88.8 206.75
AT753 38925 38751  40.043 40412 1.117 1.661' 257 .50 83.3 210.89
Average 221 52 109.0
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Specimen o {adm (Ts)aes (To)am- EX
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C 654 34414 33503 2579 1695 U
c701 36323 36269 606 425 S
C702 35908 36083 1531 1067 L
C 1703 35826 35202 2195 1477 U
C704 35905 35784 2257 1635 U
C751 39121 38992 957 491 L
C752 38883 38383 1226 651 L
C753 38433 38218 1580 848 L
C754 39570 39387 1576 919 L

Average 109.0

(Ts)app—1 : (Ts)app using limit load

(T8)app : (Ts) app using the load measured
from experiment

EX . Experiment

S : Stable

L : Limited

U : Unstable

A 19 A Aol B3 A+ 935

A AA#oE Aok, (To)mar 414 33 o4 Ao
Slh v (Ts)meee 109.00)t}, A (lla)o z
(Ts)apr® T8F At A7A (Ty) apE: 3517
ANME AA q, 8, Kau, dp/das T-3tdof &
o}, a¥ 4.1 A ()33 #e] Saxenas} HudakA]
o8 319k, Table 59) 0] Ao g F3 v
T Ao, % 33 Ay F 94 HF Yoz
FA4E 27 79 A°l, (a)nS FAFGA}, 2
i 59 Knd oA dF8det

£ d7olA dp/dat ddbEQ 3 AFeA
2 AF-Td ARFAE /&5 Adsgn
=3 2ol FaAc dF-7d AAF AdEolA
d AAZgo] .15mme} 1.5mm Aolo) e HE

o] &3t 7 HE AL 2584 AEg 3 ®
AEE ol &3 A4 A5 g8 12402
g3tz 1 7] &7 5 A28l Fig 112 A702
Hell W3 3F-74 vl7l Fo1E4E 2 A
7t ZAadtd 2E Aldel ¥ dp/dae 27 T
A 7t FoMEE o AdAS) A BE 4
Hell A& dp/dae 27 TR ¥7t FESFE
A A7 ast 2E A"Hol Wi dp/da¥
Table 50l %A sgdch, o)An o] AAH 4
Kn, dp/das A-§3lo] T8 (Ts)apps Table 5
o BAEY ),

Fig. 12& A Algol A3 2= 4o # sl
A A (1la) o2 78 (To)aw® YEbRE 27
olch, oA oy T AR S, @A T4
AR L, aex oA 39 43 Uz 84
4 79 A4

R T S T S

a
L=4
I
o
g4
o
g e
z
]
o
o
g 4
§0°0000@ 000000,
2.5
0 =T 7 T B3 T
0 3

Aa (mm)

Fig. 11 Load vs crack extention for A 702 specimens



936 ol 4.4 8 %

4
O SYABLE
- @ LIMITED
8 & UNSTABLE
X 34
-y
- s
£ 24
AAA a
1 a (M) =109
. ® o
°
hd 5 ) o
o T T T T
0 2 4 6 8 10

Ku (x100 kof/mm)

Fig. 12 (T:) app Vs. spring constant for all specimens

ok A T ARE S ALFE (T)
( A%, 29 ¥4 T
d 4B e ABEL (T aw< (To)maesl 4
J Fod AAE 2 (T0)macol

2 3o Fig 129 A @
A 7 xgw H Jol o4 g gest T
e B3 o}—L- S Wgze] =

ol dp/da® Aol

EE AN AFE shok
aA 24 A5E e Aol opi
WA 9E B A A
AR BAes do

PL%E }%“]-“1 (To)app (H22 PLE A3l
T (THemws (T aw-1 2 F7)3]E F3eid
A (l1a)ell P HAl ohge PLUYE A @det, =
Ae g 4 (4a)2 ZA 3 + 3

P=PL=0,BWh(r) (13a)
_Q~-n?

nin =432 (13b)
(Ta)app—L=7s(r)[a{£f—(r—)h(7’)

() dh(r) }+ dn;(rr) i

1 dh(r)
+E——d7’ ] (14a)
4 (u2)9 yo By ges g,

y=Boow (14b)

4
o Limit Load

& Redl Load

(T6>dpp (x100)

(et =109

T T T T
0 2 4 6 8 10
Ku (x100 kgf/mm)

Comparision of (T3) app and ( T’) app_ as vari-
ation of spring span

Fig. 13

an(r) __ (1—r)(5+7r)
dr 2+7)*

Fig. 132 C700 AlH Axlofl4] Az
o @& (To)aw®t (To)app-r & ¥lZE a2 o|r},
adelld AL (To)aws 0L (Th)app®s “EHA
o adolAst el dp/dad: AEdd T
(Ts)app= dPL/das M55t T (Th)app-r 2
o RA HAES (Ts) el 7‘5%;}’34 A3}
22 ¥ 24 A43E o F dF38F e
HoFm gk, a™lelA e A¢ "éﬁc‘ﬂ/ﬂ‘c at
T AR ArrA @A 85 A9E 4d
# LAEA AL AA T A AP B
AAHD et ole} o] FY EehHAY WYL
A e A Ao AelA Aga 9y
SHAl @ggkeh. o2y AA 3F AHEAE A
AAEE gk, A AgolA #A 85¢ A3}
A T& (Toap-12 A 35 & A&3td T3
(Ts) app vt 40~65% ol Hrl=lE ez et
wrh o] Zele (Ts)meedl FulAol vls] 2 %
olg Holn glonz T,9 A% Ax4E Yrw
o 9ol J%E A4 gikn Azde, sl
WA S5 e TI ¥ ABE Boha
v AL A Uk =& AA 35S AEE
(To)am2ZA T2 £AY A4S Holshd 237}
HAgE Ro.Fo,

(14¢)
Ao W3t

(1) Shih¥e] Askd CTODE 7z2g Hoin
A% Toe 49 % e o2



AHE QA AHE o8 44 AR Bbq 79 Al BY AT 937

ARAEA Bhpae welze,

@ $3 2AY A% (T 3742 o A
24 332 AL Aol WA AFL ALHE
Ao FALAY 42E 2ok B o2 £ Yok,

i 3

Ho
o

(1) Rice, J. R, 1968, “A Path Independant Integral and
the Approximate Analysis of Strain Concentrations
by Notch Crack”, Journal of Applied Mechanics,
Vol. 35, pp. 379~386.

(2) Landes, J. D., and Begley, ].A., 1972, “J-intergral as
a Fracture Creterion”, in Fracture Toughness,
ASTM STP 514, pp. 1~20.

(3) Wells, A.A, 1971, in Proceeding Canadian Con-
gress of Applied Mechanics, Calgly, Canada, pp. 59
~71.

(4) British Standard Institution, 1972, “Method for
Crack Opening Displacement (COD) Testing”, Draft
for Document.

(5) Pratap, C.R., 1986, “A Composite Crack Profile
Model for CTOD Determination-2, An Experimental
Application to a Small Scale Yielding Situation”,
Engineering Mechanics, Vol. 24, No. 4, pp. 539~552.

(6) Paris, P.C, Tuda, H., Zahoor, A. and Ernst, H.,
1979, “The Theory of Instability of the Tearing
Mode of Elastic-Plastic Crack Growth”, Elastic-
Plastic Fracture, ASTM STP 668, pp. 5~36.

(7) Shih, C.F,, delLorrenzi, H.G., and Andrews, W.R,,

1979, “Studies onCrack Iniciation and Stable Crack
Growth”, Elastic-Plastic Fracutre, ASTM STP 668
pp. 65~120.

(8) Joyce, J.A and Vassilaros, M.G., 1981, “An Experi-
mental Evaluation of Tearing Modulus Instability
Using the Compact Specimen”, in Fracture
Mechanics, ASTM STP 743, pp. 525~542.

(9) McCabe, D. E., and Ernst, H. A., 1983, “A Perspec-
tive on R-Curve and Instability Theory”, Fracutre
Mechanics, ASTM, STP 791, pp. 1-561~1-584.

(10) Colednic, O., 1988, “On the Calculation of COD
form Clip Gage Displacement in CT and Bend Speci-
mens”, Engineering Fracture Mechanics, Vol. 29, No.
2, pp. 173~188.

(11) Hollstein, T., Braual, J.G. and Urich, B, 1976, Zur
Beurteilung von Rissen bei elasto-plastischem Werk-
staffverhalten, Final Report IFKM 4/76 to Research
Project BFMT Rs 102-13.

(12) Kagawa, H., Fugita, T., Akiwama, T. Urabe, N,
1985, “Determination Double Clip-on Gage Compli-
ance Method”, in Elastic-Plastic Fracture Test
Methods : The Uer’s Experiance, astm stop 856, pp.
294~307.

(13) Saxena, A., Hudak, S.J., 1978, “Review and
Extention of Compliance Information for Common
Crack Growth Specimen”, International Journal of
Fracture, Vol. 14, pp. 453 ~568.

(14) An Annual Book of ASTM Standards E813, 1988,
“Standard Test Method for Jic, a Measure of Frac-
ture Toughness’, pp. 686~ 700.

»



