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Tearing Instability of Crack
Based on J-Integral

Hong Seo Lee* Hei Song Kim**

Abstract

Apphcébility of tearing modulus based on J-integral proposed by Paris et al is
investigated using compact tension specimens of strutural alloy steel (SCM4). Both
general fracture test and instability fracture test are performed.

The applied tearing modulus, (T)app estimated from the real load vs. crack growth
curve measured from experiments are compared with that estimated from the limit load
vs. crack growth curve. The results are: (1)the T; parameter could be applied to predict
crack growth instability : (2)The use of (Tpapp estimated from the load vs. crack growth
curve, proposed in this study could be well predicted crack growth instability instead of
that estimated form the limit load vs. crack growth curve.

KEY WORD : J-resestance curve (J- A& 34), Tearing modulus (23 AF), M-
aterial tearing Modulus (M 5.9 ®o]d A%), Applied tearing modulus (nal Bolx A
22), Stable crack growth (et ¥ 4%), Unstable crack growth(E<¢td 74 A7),
Limited crack growth (34 #& A4)
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NOMENCLATURE

s 271 ¥ Zol(mm)
a g Zo|(mm)

Aa g A % (om)
B D A1AEY %A (mm)
& THE A 49 ¥ (nm)
J ;I — A& (kgf/mm)
. 815 (kef)
PL @A 8hE (kef)
W DA E(mm)
0o DS S8 (kef/mm?)
E D e Al (kegf/mm?)
v D Xolg]
Aw DakEA AA ¥ (om)
Aa DA A A 29 (mm)
An AR EEA A4 P9 (mm)
Kun c 228 A (kgf/mm)
T, Jg Beg FJ-AR
(T)mat : Az ol AF
(Tpapp : AA 85& A& B3 #ol A%
(T, app-L : &4 354 AHES ®3 2o A
1. ME

o3 (fracture) = A 4 == (brittle fractur
e)ot d44 3 (ductle fractwe)2 &4 Slch
A4 A= 24 WFE FNslA @ o
d(crack)o] HAste] wWE &£5=2 FHPdte B
kA sigE Witk HAY HHolMe TEol ¥
Asle A BUA wdol Al&she Hel
of dxstEZ ¥ A7
factor) 2] YARQ! K&

==

ML

wd
=

=
7
Al4=(stress  intensity

Al B AT

it

Keg At 59 A%E
A A4 AR B 7se
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Begleys (1) Rice ()7} AQta J-32e Alg
ste] Td Mdo] FHRsto] ojste] @A T3
B F 79 4%l T AATgAT s HolA
-Aye adH FH3 v WE2 ALgSF
¢ et VA F2EY frRe A
A4 AmM FERT ge iy wA Ws
FE AF de 2 Jle ¥F Jodt 7ol
AsA ARG A7 oUW BAAHA AR
g AQsb EAE & JegsE ok

Pariss (3] #E EUAH AL od=387]
flste] JARG AT T HolW A% (tearin

[

oo 2

g modulus based on J-ntergral), Ti& &%
#Zol Atk
E dJ
T’_yo T e (1)
71 E= 84 AF cor §F% 29, ar
TE Hol, J&= JFHE #eolth ParissL AEQ
J-A& FH(Jresistance curve)ollA] d& HolA

AE A7 "oz Al (material tearing mod
uus)¥e g (Tpmate g ZTrIghHat Aosln &
A A ARG B B R 53
B g "o HoFA AFE B3 BH
A4 (applied tearing modulus, 22 (T)appE
#71)Hn Fosta (Tymat = (T)appd™
BN oE Aol dojdntn Itk 2% 7
2 dF7FEUR A osld aF{FHA wir) Wz
Aol T o gddel A= St

2 e Ti9 EU4F 33 A HER
Aol ¥ Je4de FHYE A% Al¥(compact
tension specimen ¥oEE CISE EZFNS A}
S8te HESDL ol Hitd Agrldl 27h¢]
B 2xygg FERStd AlHY EUF AuEs
7Vl BA =3 A ¥ (nstability fracture test)
Fstgry. 28l (Tymatg H7rer] Aste
A&l w3 ¥ (general fracture test)T 4
Yata A FAle] iy AFm WAk
AF7tAE MBS Fa 2dd g3t AAYH=
23t Hojd ASE 7€ W AS5E XHSEH
& 2AHE A3 FA 3F(limit load) &

fjo



ARS-gE §HA St-7E A% 4 (limit load-carck
growth curve) (36)& Al&3stdth a8y A=
© 824 A%E 3sER &d 24 A3l
A = A e AMEsid (THappE A
g3HA g gk oEx 2 dFdMe @
A &% dadd dA AN FHE AFE
Algg dA 3tF T8 AAFH  (real
loadcrack growth curve) & A48 (T)apps
Bz, B A AL Ase JA 72
F=7+Q SCM4elo,

2. OlEH uiA

2.1 X =

Rice 2= & %
A% 5A4& ATsted

(path)el &% J-FHEE AL

Hutchinson% (7)€ 424 W3 E(deformation
theory of plasticity)& 485 & H. R, R,
% (HutchinsonRice Rogengren) oM J-AEE #
d Mol SH-UEZ Fold A7I(the
intensity of stressstrain field)E YElEES HY
. JARY EH dule g FE ZHolge
FelA v X (potential energy)e] W3tgoln] o}
< #o(8).

23 Sle Aso Wity
Ay zAsgN AR

o714 Upe ZHA oiAlela Be AlHe &
Aolck J-HEgko] M o4 (9-14) o]
Aetslo] glon) B ApdAe thid] 138 AHS-
ghok

) KD ) oy a1
K(i)zB\lj’v‘V2 X (Fg) worereenssessereesnns (3-2)
£ (ro) = Tﬁ—g"z—/, (0.886+4.64ro— 13.3213

14, T2r3= 5 608 ) erenrnneeenees 3-3)
Jpy — HAB%Q .............................. (3-4)

80

b
=2 . 2_0 .............................. 3—5
7=2+40.55 W (3-5)
q714 K SHEATASF, veE Told: 1| (Po
isson’s ratio) J”—S— Jg 2448, Pie 3,
We Al¥e E = 27] ¥¥ ¥ (nitial crack
ratio:ru=a0/W°lI’_ at 7] 9 dold), A

D 524 d9 Ax sty A i
Aol 249 94, b 27 ¥ #¥ E(uner
acked legament)$] Zololt}

A4 ABAA TEol BAIYEE O 7l
4% F BUF dEol dojunz pduy He
g QAEX=Z Few HA H3 dF ¥g F
A WY, a8Bez Fdo] AAFA s}
= WA EXA dde 2dE 4237 s
o TE A o1 FAAY FAH J-AHIYFAM
(J-resistance curve)S ZAAs|or A}k J-AF
F4E& 2B A AHe #4 Zole ZEA
< g3d A E dllE FEdo|d2 (single specimen
unloading compliance method)& A}&-3Ht)
Wyl os AAE J-AY AL A859 73
A4 Jc & AMEY HolR AF(Tymate +3}
=d Apg-goh

o]

2.2 22 THYENE
#Eg 2E Adol 2xYy ALz AAH o
& 21 JE W Fig 13 o] o3 & #
AMAUNANN
-, | o
<
s
. 3
< Q Specimen
qﬁ} ;r Spring
ANN NN/ NN

Fig.1 Ilustration of specimen displacement not-
ation
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glt]-, 01‘7]/“] Ael‘—‘q' Apl‘i'o: Z.}'Z}' A]J&Q] 3]'%/1\1

Y B " AAdwsieln A2 22X e w9

oltk. ¥MHAsleA BXH FE AFL AA
HHel Friglel dtFel FAdhe FHE AR

o TA TEe] AN Wee FRol 0 EE
77t He Ag sy g gol & $
Atk

d(Am)<0 ................................. (4_1)
A e T HEoz FAE,
Arvor=AerTApt Ay woeerevrvreeensenenienn, 4-2)
(4=-2) 29N Aa, An An S Fig. 19 A9
I g,

Aa< Saxena$} Hudak(15) 22 EEH tlex 2
o] & 4 Sl

..............................

f(r) = ( 1+r) (2.16299+12.219r — 20. 065

r? -0.9925r°+20.609r* —9.9314r")
(5-2)

..........................................

o71x4 P+ 8303 r& 79 ¥ (crack ratio
tr=a/W) o)t}

AlA ] A4 BAE Mercled (10)9 2oz
2 e g
Ao =20 g(r) oererrrrearearennnn, 6-1)
di=a .aio. .............................. 6-2) (16)
g(r)=[ 1—r+a ]m (6-3)
W2 {aFrT) - (1+4r) ia
aflr) = T (6—4)

A71M o= F8 At @9 ¥ (crack-tip
opening displacement) o] o3 W W3y 7

oA o 7olth AZael Wk B Pk

o7l Km& ~2# A4 (spring constant)
ojth (1) 4]-& FFH r & ALgste] or] 29 o
o B
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dJ

(T) a’W qp e (8)
g7l E=E : 39 $9
- 12 i9a vas
G-1, (6-1, 4% 4-1 20 o) &
E 7 F 8 Yer BY (T)apps te9
9-1)Hoz BAY = Yt
(T) app= = sy sorey (| R £ () +P
()}+ﬂdp+ Jdg(r)] .......... 9-1)
df d
O-1) AN o, g, 7, Soirk 8t
d () O (o 3%)
alt) o gex g
| USRS -
oy =g e (9-2)
1 ....... e
Ig=ﬁ ................................ (g 3)
y = z: ....................................... (9-4)
df(r) _ 4 (1+r) _
ok = H1E 1216209+ 12.210r
20.065r% —0.9925r¢ — 9.9314r*) +
( “”) 12.219— 40, 13r — 2 977517
18243617 — 49 65714 ) -vreere (9-5)
dg(r) _ 1 2 a(r)
4 - (1rery) (e + 452 )
1 2 _ 1 )da(r)
SETIOE [ ripa () —1)dal)
................................................... (9—6)
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3. AEEx o AEay mele AT 13} =YL 640CA 1AZE 308
&3 F FYsEE 28 =gd& 600CHM 143t
3.1 AlH 108 $A% F@sych

2 Qo] A8§ A8xe SCM4eld 1 3%
AE3 NAA 42& ZZ Table 15 Table 2

o] EAIFHTE AML Fig.29 2oy kX9
Y4e 4BE(Shveron) Foltk. AW FAE 1

T(25. 4mm)ol ZGHIE .60, .65,
Fch. Ame AAdE Ted o @FdL
v BAg BYAY 7te FURE A 80
CAM 1A 208 $AF e d(DeNM B
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Table.1 Chemical compositions(Wt %)

C Si Mn p S
38/.43 | .15/.35 ) 60/.85 | /.3 | %0/L2

Cr
.15/1.2

Mo
.15/.30

Table2. Mechanical properties
(after 2nd tempering)

21100 kgf/mm?
71.5 kgf/mm?
83.1 kgf/mm’

Poisson’ s ratio .3

Young' s Modulus

Yield stress

Ultimate strength

64

18

o

4.5
61

19
3074

N
N

$13

Fig.2 Geometry and demensions the compact
tention specimen
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dx2E AEF AW AxE Table 39 &
Astgich. dAezt B F A ¥de 44
sto] FASIFe] 0.4 o GHzel A HvH(hal
f sne)& 7iste] M2 FEL WA

Table3. Hardness measurement(Rocw ell-C)

after machine working 22.3(HRC)
after quenching 63. 7 (HRC)
after ist tempering 46. 6 (HRC)
after 2nd tempering 31. 1 (HRC)

3.2 AMEFX

2 Ay AT Algrie
508 ¢ AR7IRA 16 WE HFEHZ AHojstd
APsdt. 52 Algr]e F2d 2=4(load
ce) 2 =A439xn ¥y ZFHL F¥ 2 Aol
A(clip on gage)E Al&3dd. g Mie
A/D W8V E B3t HFEEHA AF}AUTH

2ok 7 AFL Agrle 2 @ A=
& AHE #HE=2 933ko Fig 3% 22 A¥F
Arg-stel AEsldck @ AZ Yo AL
223 Zolw 2 AV]E ZHe] 1400mm, F
10imm, 57 30mme]tt.

MTSALOl A A2+t

Y

A=N
=
=

3.3 Ayt

g3 A4ge durdql 3 AEF Btd T
J Agez uyo A3ttt Ikl #3
Ade Bde A, #HF FEFHoldx #HEe
ElgA4e ZAEIL B4, J-AE S4E& Ty
g3 A4z J,. & BAFs AR, AT A
ol 71&712 2EH Ao A4 AFLE T
A, sl A% F4e& Z2FHs 2 71E
712 2E (TpappE: T3t=d Sith

gutAel ) AP 3 e AHeE IF
¥ M AASY 23R A .5mm #Feh
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A stAth.  #F(unloading) & #%A
15% w5 3tHth &EFH stEd Ed,
B30 o0& F¥H & Aolx RaAHP ws
shtel x-y #F=e (recorder) ol ZISAATH AY
< 7 Fgulo] dis MY 2F A 43
A A¥ F g AEE 300C ¥I2dA &
ZA (heat tinting) 3t A HAAIZD F 14%0%]
$83d Z9dcle (optical comparator)® ©]-£3}
o 9% HEHeE %7 7Y dolg} HF I 4
°olg T

Il

A5e
5

MTS Head

@ Load cell ®) Support bar
@ Grip ® Clip-on gage
) Spring grip @ Specimen

@ Spring

Fig.3 Fracture test system

B vy dE2 2 8 &A= A| 3 3}
HEE ddste Axygel Holg WHIAA d¥
AT AFS AvbAQd HI AP Weh 2ol 15
%HE SR AlP¥Y ¥MHs0.6mmAE AA
Al et At AlEe ®WHe xy H=2d
of Z1&A7IZ AA AN ® skFH AlHe] ®
A& AHFEA ZA9AHT g3 dde] 84 F
d FHstA @3 FHIA FHHHE
ol &3kl 93 WHgol st v @ Helw

L.
H&
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FAstATh B4 3 dPA 2= Ho)

€ 400mm & 100mm ZHo 2 1200mm7z}A
WA A 2= AL AT
4, 4zt A EE

4.1 abtmel madE

(1) agdele &3

18] A HE o]&3d J-xg i
AdMe #¢E dold A5 Hrlrh "o
2 eidAe #F% FEZo|Ad2(unloading com
pliance) & o|&3 ¥t Fig. 4= o] wgHo=
AT A0 AWl diF d¥rEQ uix HY9
E-HY AEE JEdg.

8

v [e]
FAE

Load (x1000 kgf)

Load-line disp. (mm)

Fig.4 General fracture test for A601

TE XA Zolx Saxena®t Hudak(14)21& A}
£38l9th Saxena®t Huduk 4loz AAtsr xv)
TgHola, AT FdZoly, HAE T RAE
OHar R OAA FA4dE ¥ 93 HaHer 3
z7] ¥4 Aol (a)m, #HF TEHol(anm,
Z 79 ZAZE (NapmS Table 4] FTAS
Table 4914 Al#H2] 7]1& (specimen®d IZ) o)A
e Ea Av dvrE]l w3 4¥9e JER
I 1 Heo $x48 eAe @d vE, wAY =
A A¥e WEE deidch (o] Ay
Z1Zo] gk &e By dy Aoz HE

i B T R
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Table4. The resuit of the general fracture test

Specimen | 2, (ag)m a, (a)m Aa, (4a)m de (T)mat -dp/da
A601 30. 209 29.738 32.643 33. 053 2.434 3.315 61. 92 125.9 473.53
A602 30, 498 29.883 32,665 33,503 2.176 3.462 60. 49 160.4 483.32
A603 30. 365 29.678 32.679 32.999 2.314 3.321 54.73 151.2 478 .44
AB51 33. 286 33.241 36,007 35. 696 2.721 2.455 43. 45 173.7 388.03
A652 34. 040 33.682 35,711 36, 474 1.672 2,792 34.03 123.6 382.16
A653 - | 34.087 33.578 36.071 36. 232 1.984 2.654 56. 46 148.3 368.97
A701 36. 690 36.578 37.993 38. 287 1.303 1.887 56. 37 170.6 390.66
A702 36. 384 36,400 37.758 38. 469 1,374 2,280 50, 37 148.3 322,22
A703 36. 363 36.186 37.603 38, 250 1.240 1.942 47.99 176.5 346,89
A751 38, 830 36,741 40,111 40, 472 1.282 1.730 38.43 146.7 237.74
A752 38,949 38.861 40.192 40, 530 1.243 1.669 48.74 162 .4 206.75
A753 38. 925 38,751 40.043 40.412 1,117 1.661 53.42 129.0 210.89

Average 50. 53 151.6

Tableb. The result of instability fracture fest

Specimen o (ao)m (T,) app-L(T,) app EX
C601 [29.115 29.178 9.1 6L7 S
C602 [30.732 31.373 112.7 838 S
C603 | 31.054 31.174 204,6 151.3 S
C604 | 31.037 31.411 307.4 2396 U
C605 |31.757 31.366 428.8 342.7 U
C651 -|33.719 33.657 849 58.1 S
C652 | 34.045 34.970 105.2 82.5 S
C653 |33.302 32.597 252.8 192.5 U
C654 |34.414 33503 369.1 252.2 U
€701 |36.323 36.269 83.4 60.0 S
C702 |[35.908 36.083 206.4 150.7 L
C703  [35.826 35202 305.8 2159 U
C704 135905 35.784 312.2 237.1 U
C751 [39.121 78.992 115.7 645 L
C752 | 38.883 38.383 155.0 87.9 L
C753 |38.433 38.218 208.8 118.7 L
C754 - |39.570 39.387 209.6 130.6 L

(T,)app-L. : tearing modulus using limit load

(T,)app : tearing mpdulus using real load from
experiment

S : Stable

L : Limited

U : Unstable

%tk Table 59| specimen@olx Ce BaA 1
A FAW ¥y AP F A4 A} FF
¥ AAF(Aa)mF Saxena®t Hudak 2]elA
A grel WA JEsTh ol Aol (shear-1
ip)@ #¢ =493 (crack turnneling)e] d&go=
AR dr.

@) JFARFA, I, B (T)mat

Fig. 5% A3 Al#el #dR3Ad oE Jo ¥
g Ushie J-AY FHelth Ji.& ¥E |
galolA Td 4Fo] B AlFE we gy

15

@
12 @
: @
- 3
E 91 2
~
¥
g 61
R
- o,
- @ diunting fne
37 @ C.15mm exciusion fine
Y @ 0.2mm exciusion fine
1.5mm exciusion line ||
0 T T T T T
0 1 2 3

Aa (mm)

Fig.5 J-resistance curve for A602
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X o)t}

Jieot (TPmate &3 o] T3t #HA
JioE E84-20.15mmet L. 5mm2 &713 o] A}
olg] Eolrle dloletd thel (10)4e2 EA
2 d¥8%(power law) 2 HH (fitting) 3ty J-A
g FTAHE de F o] FAY FHR 44 £3
AL 0.2mm 7 =4 AM(offset line)3e]
Ao JTe J .2 (k. o wWe J.o BT

e 50.530l2 2w 14.3%°itk. A AjHe
g3k J,.9 e Table 49 FAsIACH
Jom=me (A a)CF covrerrerrnimiii e (10

(T)mate ¢¥ F3480.15mme}t 1.5mm &

713 o] Ateld] Fol7te EE HE 1A 4o
H9% H749 187 S g A dus
o ok o Wel (Tmate 15L6elm o3}
< 11.5%°]th

goy 2

293 A4 (Spring constant) 9] =3
#g B3 4ge BAL A% HF

W (span)& WSAA HEE Yypmz A=y
A= (spring constant) K,& TFaioksity, &
ApoMe 2=ZHe 2WE 400mmTFE  100mm
Heo =z 1200mm7tA ¥A FFolA A2EF9
AAFE 73 F K& AAHsA (T)apps 2
Asted AHE-3lHTh. Fig. 65 &= Ado)
& 2xF A4, Kpo #HstE Jeiiiy o
o] 3x daHoz YL
Kn=e+e, L+e;, L'+e,
e=4892. 838, e,=-13.61145,
es=-4, 240886Xx10°°
4714 L& =Yl Adojr}

(2) ste-AA d9 A=

B 3 Ao Ay #E IH AF
o] "¢t 7 AA(stable crack growth)"¢l7},
"Boty #<Y¥ AA(unstable crack growth)"<l7}

e,=1.307251X10°,

Ky (x100 kgf/mm)

T T

10 12 14

Span (x100mm}

Fig.6 Spring constant curve

oluw "¥A #¥E 474 (limited crack growth)
"QZbE WX WSOl Stk Zeivh AJH 9
Aoz Ry olyd Algg WAHIE L of
A7A @A 71Ee] g7l wE s o
2 dAolth

B dFdMde 3E-dA dHY dx2 BH A
9] 3A ¢d JA A& theH Fol BAIA
o "o #E AR VIEL TE A 4ol

A& A #HFL Hd SFHE dojM ASKE

=

=

F e HE A Fig. 72 C701 AA
o 44 #4¥ AFE BAFeE adelvh 2dol

Load (x1000 kgf)

™ T

) 1 2 3 4 5

Total load-line disp. (x10mm)
Fig.7 Load vs. total displacement at load line
for stable crack growth( C701)

M AR Hd skExeln B A¥e wsst
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X

o] (the maximum point in specimen) (&37]A]
Hogtee & Ao AT 29 & AolA9
Hf 38 HHE DI B FoeA Age
9 Helth AFAAM BAZA 3¥ #1F% Ao
W Z2 3 (program)de] FAHO 9o
o 5E 4 Atk "B 78 AR
H FFHd =28 FAlo) AlHo] @
| daEe JHz Fosigeh Fig. 8 C703
9 B9 T 43¢ HAFE ade=
Ho 333 A9 AlHe Ho wWdd B 49X
gty A T8 ARVIES Y sEd o%
AY TE ARAY doui= AF I5-E =Y
FE fAT sFo] HAT 3 Wolatx v

2
=

S

A T

i)

AEl2 Aodtdrt Fig. 92 C702 A¥e] 3HA
T8 A3E HdFe ogee A 3154 A
5
ERe
§ A8
X4
3
<
— 2
-
s i 2 3 4 5

Total load-line disp. (x10mm)
Fig.8 Load vs. total displacement at load line
for unstable crack growth(C703)

Load (x1000 kgf)

0 1 2 3 4 5
Total load-line disp. (x10mm)

Fig.9 Load vs, total displacement at load line
for limited crack growth(C702)
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E dolA Al¥e Hd WA B Atolo] 1¥9
A5 T & AUk BUA FE AR Aol
A ode A AHd dig d3-AA W dxo
A /AT #E AF ASE Table 591 FAS
fAtH(Table 59| EXE F=). Table 544 S
A TE A4E Le 34 7Y H4Fe, Us
BdA 79 AFE FARL

(3) E¢A wdE A% 4=

Tiel €€ B4R v HeEA Hg )
AL AEI}7 A8Me (Th)mat} (T)apps
wA Aol dh (THmate 418 Q)N
Ag3tde. (D42 (T)apps +37] 98
Me WA a, J, Km, dP/da® F3lodo @ch
ae 412 ()%= 2o| Saxena®t Hudak2lo.2
TEAL Table 59 o] Hog 3§ zy] 7Y
4ol a9 Hi Ay F 94 BHF Pom 23
g (agme FASHS. 28x J9 Kme Zz
G-DAF (D¥ez FE 4 U

£ d7AM dP/dae kA o Aol
< AFTE HF JTAHY 7ere Aesqy
o5 Zol FIn §3-TE A4 TAd
oA AF%F0] 0.15m 1. 5mAtolo] Ye A
€ olg3td Z AE 1AL 252H 4B
F EE FEE olgdo Ha Ay o9
1RHog Ay 2 71e718 ALY F
g 102 A702 Al"Wol st &3-7d A% A

ot > ko

[+

=
v
vy
2 ad
g 6
—
X
3
Q
4
o0o0oM®® 000
! ©00000000
q
29
00 L) i T é T

Aa (mm)

Fig. 10 Load Vs. crack extention curve for( A702)
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o|i1 dP/dax= &9 #& Zed. dP/dav =7
T v7t F71ERE 2 AgAy gase B
< Al¥e] digt dP/dag Table 4o HA] 3}ch
o3} ol ZFH a, J, Km, dP/da& 4183t
of 7% (TpappE Table 59 FEASHSTh Fig.11
& A AHe) YF AZy Ago wWale U3
GDAez2 7§ (Tpappg YeEhlE 2golth
A 4R 8 AFL S, A4 #¥E AR
2 L, 283 B934 79 A4S U= BAsY
k. I2feA B uiel o] BrA 7 AR
< 3= AEEES (TYapp ) (Tymate] HHI
EA A TFd ARE e AEse
(Tpapp < (T)mate] o] =M. zlxn
A #E AL e AEEe (Tpapp < (T
mate] Wl EAs} by #A AWE no
(Tymatol] o HIZste FEAsIT AUk Fig 119
A= @A 7 AFe Adel BHEEA
U T 79 BUAEAES #Ass i dHER
Mol HE 7teAdE By =

] STABLE
e LIMITED
{& UNSTABLE

(T,)mot =151.6

o)
%o

al

L

o

(T,)app {x 1000)

L X}

o
o

T

Km (x100 kgf/mm) )

o
oo
[=

Fig.11 (T, app vs,Km for all specimens

(TYappE #7 ol of dP/dath4l dPL/dag
A3kl (TPappg #H7h shA =W A2 <
T3 viel Zol AHE A4d 24 AFE A
Fi LAY AFE SHE HA FF U ¢
A 3% (mit load) & AMEsle Ae (TPappE
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