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Studies on ductile unstable fracture of piping materials

in light water reactors (Part 3)

— Fracture behavior of through-wall or part-through

cracked tension specimens machined from 24-inch

diameter carbon steel pipe at room temperature

Kunio ONIZAWA, Katsuyuki SHIBATA, Yuji YASUDA,
Toshihiro OHBA, Takaichi KAWAMURA and Shohachiro MIYAZONO

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki~ken

(Received May 7, 1987)

LWR pressure houndary piping shall be designed considering the
dynamic effect of postulated double-ended guillotine break (DEGB).
However, the DEGE accident is extremely unlikely, so that leak before
break (LBB) concept instead has been introduced in some countries in
which nuclear power electricity is being generated.

At JAERI, ductile fracture tests of stainless and carbon steel
pipes have been conducted in order to verify LBB concept in the pressure
boundary piping since 1983. In addition, the tests for piping material
characterization have been carried out since 1984 using center cracked
tension (CCT) specimen.

This report summarizes stable and unstable ductile fracture test
results of CCT specimens, which contain a through-wall or part-through
crack, machined from 2Z4-inch diameter STS42 carbon steel pipe.

In order to characterize the material, the tearing instability
criterion based on J-integral was applied to through-wall CCT specimen
and the net-section collapse criterion was applied to both through-wall
and part-through CCT specimens. The validity of two criteria was

discussed considering LBB concept.

Keywords; Light Water Reactor, Double-Ended Guillotine Break, Leak

Before Break, Piping Materials



JAERI-M 87 —-077

1. 1 EMIT e i P U 1
2. BB R UK [ - e e 3
3. HEPETEEESRER e B G B, e 3
3.1 bkt e T 3
3. BB e e 3
3.8 B BB T e 4
3301 BBIIRIREERER v v v e 4
3.8, 2 W R E R I B o e 4

A, E AR B oo 12
4.1 BBITE EEERER o ot e e 12
4,9 FERERECEEEEERER e e e e et a e 13
B, BB e e e 46
5.1 ] RENBICE B SBUERBIEFT O IR - ovvererermro e 46
5.2 T34 7 04 viCLAWMRETEEDEE oo, 47
5.3 BB FJEEE e e 49
5.3, 1 GARERIGIIDERME oo 49
5.3.2 REBEUIKE(TFEIANOIEE] oo e 49

5.4 LBBZMRICEE T BT -ooerees e aa 50
B, LK 59
1 = S 59
E =25 N TN 60
S O RO g2



JAERI—M 87—077

Contents

LI, Introduction  iueeeievererearesennnnnns Gttt Cerrr e 1
2. Objectives ......... Cher e Cereaaaa S radeeeens et r et .
3, Ductile fracture LeSE  ..uvuisrircsnnnnnas cereraanas seest et
3.1 Material ..... Cee e vttt el e e sas e Prrreraes
3,2 Specimen ...... rerre s e eaans et S re e
3.3 Testing procedul® .ivereseensranens cerr i eerasess cereereuns
3.3.1 Static tensile LSt  tuviieiiirnrn et rrrtanraeeaenan

3.3.2 Unstable fractuTe LE5L  weseevveressnsenennnnnes cever e

L T o -a I S R WL S B UV

-

4, Test resultsS .ueevveeaes e r N b s e e e e s i n e ..

=
(R

4.1 Static tensile test ..vuveseen C e dabeasas s

=
[W%]

4.2 TUnstable fracture test  .uweserreesees St e e te e ceran

=
[+

5. Discussion ...eusernsas i es it e e cr st chee e

£
o

5.1 Evaluation of crack growth resistance by J-R curve ........
5.2 Stability analysis based on tearing instability

CTIEETION i irinvenneannnennnnnna . 47

5.3 Net-section collapse criterion ....veeevevevnennn feeieeee.. 49

5.3.1 TFlow stress Estimation from through-wall

cracked specimen ...... e rerebaeaaaas et rrereeana 49

5.3.2 Application to part-through cracked specimen ......... . 49

5.4 Discussion on LBB evaluation ......:eeev.. e s eeeren s 50

6, ConclusSion ..ieevvereernnreens e et tereeraa e .. 99
59

60
62

Acknowledgement ..... ch e e rasa st s r e esesn v s
o = o= a1 reasasaeaae

Appendix L.l iii i ceisa s et et s teeracsaae et e



JAERI—M 87— 077

List of tables

Table 3.1

Chemical compositibn'of JIS 5TS42 carbon stee! pipe
Table 3.2

Mechanical _properties of M!S STS42 carbon steel pipe
at room temperature

Tabhle 3.3 EDM notch dimensions and test conditions
Table 5.1

Table 5.2

Net-section stress Onet at maximum load for through-wall CCT specimens

Crack penetration load PLand collapse load Pmax for part-through
CCT specimens



Fig.3.1
Fig.3.2
Fig.3.3
Fig.3.4
Fig.4.1
Fig.4.2
Fig.4.3
Fig.4.4
Fig.4.5
Fig.4.6
Fig.4.7
Fig.4.8
Fig.4.9
Fig.4.10
Fig.4.11
Fig.4.12
Fig.4.13
Fig.4.14
Fig.4.15

Fig.4.16

Fig.4.17

JAERI-M g7

- 077

List of figures

Charpy V-notch absorbed energy transition curve of

stee! pipe

Schematic drawing of CCT specimen orientation
CCT specimen geometry
Calibration line for determining crack extension

displacement — crack extension curves

Load — loadline
CCT specimen
Load— load!ine
CCT specimen
Load— loadline
CCT specimen
Load— loadline
CCT specimen
Load — {oadline
CCT specimen
Load— loadline
CCT specimen
Load - loadline
CCT specimen
Load— loadline
CCT specimen
[Load— loadline
CCT specimen
Load ~ loadline
CCT specimen
Load—~ loadline
CCT. specimen
Load— loadline
CCT specimen
Load— loadline
CCT specimen
Load— loadline
CCT specimen
Load — loadline

CCT specimen

(A-1)
displacement — crack
(A-2)
displacement — crack
(A-4)

displacement — crack

(A-7)

displacement — crack

(A-8)
displacement — crack
(A-9)
displacement — crack
(B-1)

displacement — crack
(B-6)

displacement — crack extension curves for

(B~3)
displacement ~ crack
(B-8)
displacement — crack
(B-10)
displacement — crack
(C-1)
displacement — crack
(C-2)
displacement — crack
(C-3)
displacement — crack

(C-4)

extension

extension

extension

extension

extension

extension

extension

extension

extension

extension

extension

extension

extension

curves

curves

curves

curves

curves

curves

curves

curves

curves

curves

curves

curves

curves

JIS STS42 carbon

for 10mm-thickness

for 10mm-thickness
for 10mm-thickness
for 10mm-thickness
for 10mm-thickness
for 10mm-thickness
for 10mm-thickness
for 10mm-thickness
10mm-thickness
for 10mm-thickness
for 10mm-thickness
for 2bmm-thickness
for 25mm-thickness
25mm-thickness

for

for 2bmm-thickness

L.oad— crack opening displacement(COD)} curve for 10mm-thickness CCT
specimen (A-1)
Load— crack opening displacement(COD) curve for 10mm-thickness CCT
specimen {A-2)

Vi



Fig.4.18
Fig.4.19
Fig.4.20
Fig.4.21
Fig.4.22
Fig.4.23
Fig.4.24
Fig.4.25
Fig.4.26
Fig.4.27
Fig.4.28
Fig.4.29
Fig.4.30
Fig.4.31
Fig.4.32
Fig.4.33
Fig.4.34
Fig.4.35
Fig.4.36

Fig.4.37

JAERI—M 87 —077

Load— crack opening displacement(COD) curve for 10mm-thickness CCT
specimen {A-4) '

Load— crack opening displacement{COD) curve for 10mm-thickness CCT
specimen (A-7)

Load— crack opening displacement{COD) curve for 10mm-thickness CCT
specimen (A-8)

Load— crack opening displacement(COD) curve for 10mm-thickness CCT
specimen {A-9)
Summary of load— crack opening displacement(COD) curves for 10mm-
thickness CCT specimen with a/W=0.50
Summary of load— crack opening displacement{COD) curves for 10mm-
thickness CCT specimen with a/W=0.25
Summary of load— loadline displacement curves for 25mm-thickness
CCT specimen with a/W=0.70

Load— icading system total displacement curve for 10mm-thickness CCT
specimen under high compliance of 3.84x10-*mm/kg (A-6)

Load— Ioading system total displacement curve for 10mm-thickness CCT
specimen under high compliance of 9,60x10-‘mm/kg (A-11)

Load— |oading system total displacement curve for 10mm-thickness CCT
spécimen under high compliance of 8.07x10-*‘mm/kg (B-2)

Load~ loading system total displacement curve for 10mm-thickness CCT
specimen under high compliance of 3.23x10~*mm/kg (B-5)

Load - loading system total displacement curve for 10mm-thickness CCT
specimen under high compliance of 3.23%10" *mm/kg (B-9)

Load— loading system total displacement curve for 10mm-thickness CCT
specimen under high compliance of 8.07x10" ‘mm/kg (B-4)

Load— loading system total displacement curve for 10mm-thickness CCT
specimen under high compliance of 3.23x10" ‘mm/kg (B-7)

Load— loadline displacement curve for 10mm-thickness CCT specimen
under high compliance of 3.84x10-*‘mm/kg (A-6)

Load — loadiine displacement curve for 10mm-thickness CCT specimen with
under high compliance of 9.60x10-‘mm/kg (A-11)

Load— loadline displacement curve for 10mm-thickness CCT specimen with
under high compliance of 8.07x10-*mm/kg (B-2)

Load— loadline displacement curve for 10mm-thickness CCT specimen with
under high compliance of 3.23x10-‘mm/kg (B-5)

Load— loadline displacement curve for 10mm-thickness CCT specimen with
under high compliance of 3,23x10-‘mm/kg (B-9)

Load - loadline displacement curve for 10mm-thickness CCT specimen with
under high compliance of 8.07x10~ *‘mm/kg (B8-4)

Vi



Fig.4.38

Fig.4.39

Fig.4.40

Fig.4.41

Fig.4.42

Fig.4.43

Fig.4.44

Fig.4.45

Fig.4.46

Fig.4.47

Fig.4.48

Fig.5.1
Fig.5.2

Fig.5.3

Fig.5.4

Fig.5.5

Fig.5.6

Fig.b.7
Fig.5.8

Fig.h.9

JAERI—M 87-077

Load — loadline displacement curve for 10mm-thickness CCT specimen with
under high compliance of 3.23x10-‘mm/kg (B-7)

Load— crack opening displacement{COD} curve for 10mm-thickness CCT
specimen under high compliance of 3.84x10-*mm/kg (A-6)

Load— crack opening displacement{COD) curve for 10mm-~thickness CCT
specimen under high compliance of 9.60x10"*mm/kg (A-11)

Loadline displacement— loading system total displacement curve for
10mm-thickness CCT specimen under high compliance of 3,84x10- ‘mm/kg (A-6)
Loadline displacement— |oading system total displacement curve for
10mm-thickness CCT specimen under high compliance of 9.60x10 ‘mm/kg (A-11)
Loadline displacement— loading system total displacement curve for
10mm-thickness CCT specimen under high compliance of 8.07x10- ‘mm/kg (B-2)
Loadline displacement — loading system tota! displacement curve for
10mm-thickness CCT specimen under high compliance of 3.23x10-*‘mm/kg (B-5)
Loadline displacement— loading system total displacement curve for
10mm-thickness CCT specimen under high compliance of 3.23x10- ‘mm/kg (B-9)
Loadline displacement— loading system total displacement curve for
10mm-thickness CCT specimen under high compliance of 8,07x10-*mm/kg (B-4)
Loadline displacement— loading system total displacement curve for
10mm-thickness CCT specimen under high compliance of 3.23x10" *mm/kg (B~7)
Comparison of system compliance and specimen compiiance
at the onset of instability

J-R curves for STS42 CCT specimens and 6in.dia, pipe specimens

J*Tmat curves for STS42 CCT specimens

J-T analysis curves for CCT specimens with two compliance conditions
of Cp = 3.84 and 9.60x10- ‘mm/kg

Relationship between the stress ratio of Onet /(Uys *0its )
and ligament aspect ratio

Application of the net-section collapse criterion to STS$42 6in.dia.
pipe specimen

Stress distribution model at crack penetration for

part-through CCT specimen

Relationship between calcutated load and experimentally measured |oad

Relationship between penetration lecad ratio PL/P and crack depth d/t

max
Evaluation of crack geometry for LBB condition

vili



Photo.

Photo.

Photo.

Photo.

Photo.

Photo.

3.1

3.2

3.3

4.1

4,2

4.3

JAERI—M 87— 077

List of photos

External appearance of 100ton fatigue test machine
Set-up of CCT specimen
(a) through-wall crack specimen
(b) part-through crack specimen
External appearance of 100ton fatigue test machine
with compliant disc springs
Developement of stable crack growth in 10mm-thickness through-wall
CCT specimen {A-4) '
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (A-2)
Post-test fracture surface of 10mm-thickness through-wall CCT specimen
(A-4)

Photo. 4.4 Post-test fracture surface of 10mm-thickness part-through CCT specimen

Photo.

Photo,

Photo.

Photo,

(A-2)

4.5 Developement of crack growth in 10mm-thickness through-wall CCT specimen

under high compliance of 9.60x10-‘mm/kg (A-11)

4.6 Developement of crack growth in 10mm-thickness part-through CCT specimen

4.7

4.8

under high compliance of 3.23x10-*mm/kg (B-7)
Post-test fracture surface of 10mm-thickness through-wall CCT specimen
under high compliance of 9,60%x10-*mm/kg (A-11)
Post-test fracture surface of 10mm-thickness part-through CCT specimen
under high compliance of 3.23%x10-‘mm/kg (B-7)



Photo, A.1
Photo. A.2
Photo, A.3
Photo, A.4
Photo. A5
Photo, A.6
Photo. A.7
Photo, A.8
Photo, A.9
Photo, A.10
Photo, A.11
Photo. A.12
Photo, A.13
Photo. A.14
Photo, A.15
Fhoto, A.16
Photo, A.17
Photo, A.18
Photo. A.19

Photo, A.20
Photo, A.21

JAERI-M 87— 077

Appendix

Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (A-1)
Developement of stable crack growth in 10mm-thickness through-wall
CCT specimen (A-7)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen {A-8)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (A-9)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-1)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-3)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-6)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-8) '
Developement of stabie crack growth in 10mm-thickness through-wall
CCT specimen (B-10)
Developement of stable crack growth in 10mm~thickness part-through
CCT specimen (C-1)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (C-2)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (C-3)
Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (C-4)
Developement of crack growth in 10mm-thickness through-wall CCT specimen
under high compliance of 3.84x10*mm/kg (A-6)'
Developement of crack growth in 10mm-thickness part-through CCT specimen .
under high compliance of 8.07x10" ‘mm/kg (B-4)
Developement of crack growth in 10mm-thickness part-through CCT specimen
under high compliance of 3.23x10-‘mm/kg (B-5)
Developement of crack growth in 10mm-thickness part-through CCT specimen
under high compliance of 8,07x10-‘mm/kg (B-9)
Post-test fracture surface of 10mm-thickness CCT specimen {A-Series)
Post-test fracture surface of 10mm-thickness CCT specimen (B-Series)
Post-test fracture surface of 10mm-thickness CCT specimen (C-Series)
Post-test fracture surface of 10mm-thickness CCT specimen
under high compliance



F’“
Jjn

Tmal "
Teapp
4K

JAERI—M 87-077

E.

P47
R CEIEE IR

B R A R

A4 A R ERIE (kg /mm®)
WSk

Cofaf E (ton)

COREAZEN (mm)

B (mm)
FRERE (mm)
¥R (mm)
SAEBAFE  (mm)
EHFES (mm)

COREBARE (mm)

FEUREEHEREO Y — 75 E (ton)

DA Y — 7 HE (ton)

Ao 754 72 (mm kg )
JHES (kg /mm) .

L MEZECHE FomE (kg -+ mm)

¥ v 7% (kg mm? )
REES (kg/mm?)

BRI E o mENIS S (kg /mm? )
CORNEERRE D ] #5 (kg /mm)
LW (kg /mm? )

FBERARIGH (kg /mm’)
likds (kg /mmt)
EHEEBO Y — 7/ HEHEE (ton)

DOBRBEErO ©— 2 SEEHEE (ton)

At E (= 14.0) (kg/mm?)

X



Tmat

Tapp
AK

COoD

.

JAERI-M 87077

Nomenclature

tearing modulus

material tearing modulus

applied tearing modulus

N

)

stress—intensity factor range (kg/mm
stress ratio

load (tom)

load~line displacement (mm)

crack opening displacement (mm)
crack extension (mm)

half crack length (mm)

specimen width (mm)

crack depth  (mm)

specimen thickness (mm)

peak load at crack penetration (ton)
peak load at collapse ~ (ton)

machine compliance (mm/kg)
J-integral (kg/mm)

area under load-displacement curve (kg-mm)
Young's modulus (kg/mm?)

flow stress (kg/mmz)

reference stress or flow stress (kg/mm?)
J-integral at instability (kg/mm)
net-section stress (kg/mm?)

yileld stress (kg/mm?)

ultimate tensile strength (kg/mm?)
calculated load at crack penetration (ton)
calculated load at collapse (ton)

allowable design stress intensity (=14,0)

Xii

(kg/mm?)



TAERI—M 87 —(77

1. ¥ € & Iz

BRELES N 57 ) REOHBERIHC B TR, BSOBBEN AT L, chicdd 30
EEELHT LR BB LDERING, 2OBBLLT, BENSTHL 7L % b
Ly b, Yey b Y= FEORSBENPBBEINTV S, UL, —BICBIEEH Y vy
UEVEME RMEEAE <, B O FEEM PR ITE L 7oy, B EE RO b 5 T
LBB (BMHiRA) Mt Bit A ICEAT I HEMEETER(LL TV A,

LD LBBHEEEEE, TRECE LA SHPEEL, ABAHMORESEEZE LTS, B
MEBELTY 7 v b OEGEREENTHONEME, 2OEEEEHE(, HESALERE
FRCTRASENRICH L THABREBENEGF T VI ELHABRT LD TH 5,
LDfdh, BUMEALEWEARITHEATELEEL T 3B EETH S, L OHS
DA REICEAT NS L, BEEERAEE L TEES AT L2 b L v M SO RERESA
BLIL, 2O Eitky, 75 b OHE, BE AR SHEOBEICBT A RENED
BB R ERCEREEROFER OB (ERICAI NSRS/ TSN 5, 5512 LBB
DT BIBE RN LOCAZBET AT L VO T, HERECCS OBRNASE DA AlEIr
SIfbansufEtd H 5,

KEDOHZ 77 v FEFAHORBEI LEL, 75 v 1H%40 LBB 4%t cEET 545
DEEL, MEOERT - sRUISRUABESTHNE A Vv TH S, —F, LBBHFICLEE
BRI, LeRESORBEN, EREHNOEHELORITH FLERBLATH S,
$/, KENRCOEBOR BT, 2~ 4T KL ORERIEAS D E ST S

CDE S LBB ESOBEADZA LR OHKEI SO THEDSENT S

A B0 TR, RSK (Reaktor Sicherheit Kommission) #7'4 K3 4 » %1981 fFicd
TIREETEINTED, FROT 5V b TRAAT A o P LA Ly FORBEAGRT ST L2
Ta 5y COBES, HARERINCHL TEELTOABOER2F (F RENEE £
CIFREHEL, 0LIF oD Yz y MESEFMTACEE LTS, CHHE, FFLLETIC
BOTEASAAMENERETHEBL EE ST VWS, 414§ Tt Ts LBBicEd 5
B HEB LR THD, BMEAROEZSNMG, L2 b Ly b DRERBRERAD 5EEsE
BHIT A, -

*@Kﬁwfu,1%4¢KNRCﬁLBB%ﬁ%E”%%ELT%D.éBK,mCFRw‘
AppendixAs)@ General Design Criterion 4 (GDC 4) QXETF¥4EHTH 5, Bic
PWR 77 v b O—IRAFBRE ML T2, 1986 #565 HIX LBR A4 EA L, BEEWEHNEOTN
DREFGTREDPCHIBRT U AT - e COUETMFELITLTC, W 2mhD7 5 v b THE
B2 LBB QA0 ANKLBHAED LA THD, L2 0RFFlbEEsnTL2) S0,
1986 F8HICE, RT N7 7 v FDETALVFEF-BEICH LT, AT HA v TLALY (=22
DELHEMLERET L LENDRTEALSIICREDOHRETFIERE LT 6100)

LOEHEEEDHT, 1986F 12 H9OITKE Y » — Y= 7D Surry-2 735 v + TEE



JAERI—-M 87—077

BRI HANE D - 7 CORRIIFEPWR 77 v b DBKREEC BV TET - - b0TH
D, HEEADER 8 ADEERAFHELTOEY UL, NRC 0RE Y 1t 15 5. MErs
HPHES 2 RAREOR B TREYE LS Westinghouse it L 2 T ¢, RS
@ Stone & Webster #iC k56D THY, FOWERICH L TNRC ZSTHBENSD L LT
Wh, F, FROCERRFE, KEEFCEZzo—Yay /00-Us v Thh, chickD
EEEDRANHEYEA T2 SICA T, FTESBEFOV ERORENET -2 LIt k3
bDTHB, LBBHEALRENTIBHMCbEohrbod, DEDL B, L KEICEG
5 LBBEACEH X3 HF LN TWHEVESTHE,

LBB LD EEE AT LT, KEiz B0 Tid Battelle Columbus A7 (BCL)
B E 15 5T, Degraded Piping Program Phase I (DP? ) Ai#ss 54T 0 2.5103)14) )
IR, ETFEREED LBB #8450 5 720 ORI BT R 0055 1722 (AT 1 A
HKIDCEEHMELTBY, HEMEHENZORE MBEBRBRRUOEERRATH-» T 5,
TRCOHBEAESLICEDT, BE v E—F v FRBRATLEEE L -EEEAEE S —
(International Piping Integrity Research Group: [ PIRG) #Skuka 41, 1986 Ry
LDEBMEREL T3,

2ol 752" oEE Vi BOTH, CEA©CEGB #MiE 5 - LBB (CM¢ 2 58
A DT B,

HARZBOTH, Eit, EFrHLEABe 4 -, BHDRMERECREBOWERICE T
LBBHANITTHN T 5,

BFATHERE ¥ — T, 27 VL 2B BT 3EHBAYNOREE2MLE LT, =
fyvz%%%%%wtLBB%ﬁﬁﬁéﬁoféfwé?wmmﬁwmzi R E B E ot
THHBOHB LTV, FAENDPRFEFRFEFE LA IPIRCODAE A EME & LTt
BRIAEEHT B, RETORFORBRFHERED PRAXDBER AT THR T B,

=, FFCBO TREEESHEEETARD - E0RBOIEE LT, EFISTER S EMRE
EWERBRHBE S N L DRBHE TR, WRGETE T, 64 ¥ FRUI2A ¥ F OIED
27 L 2 MEERTREFEEOMAMTRBEIT C SBT3, 1 OFEEH -
= b LERHRE LT, WNGIEE S SEEM OBRUIR X ERERE 4 M 7 %48 [ER
B CHES AT ERERR AT - T 20 & biz, BREEGEICHLT, IRAISBEE X 08
KAE IR B R VORI 3R AT L T B

A, KEMEEHOWESHLZFMT 2B HLESREBRT - 4 48B3 -0 Tbhi-&F
BORR OEEE LT, BEROKEMIR S ARG & T - 1 8107 R
WAL ERERBGER LT LD bDTH 5,



JAERI - M 87—077

2. RERIEER HRY

BB DB RS 5 FiE & LT, JRESIESC Tearing Instability 2 54 7
Ay (T2 74704 2)) REEEHEE " R6 % RO DPFAD #4561 515, &
SRICEVTE, COSBHAEERCHOONT WS T-7 5457 Y 4 v RUENEIS /L &
LI ATT - 720

T_7§4?ijm’Pmmmﬁ%%tkJ%%K%5<ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁf—&
T, WL TEMALEWELRTL6DTH 3, MEEHTHS Tuae &, AWEBICIEOLT
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—7, EEAGAEER, FWWEOEASES ) H 4 v EOEAESBEIGELNL . £ 0n
1115 B HIRFUEICE L FBHICEAVE U5 & 45 6D TH B, Kanninen b LEAIIL™ 13,
CDHEAFZLDEESERBRIT O 2 2B ESONEROBAREES T4 2 ABEL T
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AFICENTE, BRKEEGSY v SVEECECHOLN TV S 244 v FI1E STS425:
RMEH SRR L FPRAB I IC, HEROABRURE£EL, $OIEARROE 73
AT 2FEREEFROCIEE NLEFERBR AT - 2o AHTR, CORBEELS, UK
BOZEELRNBLLbI, L2754 7 )4 vOFERERTT 2, 35k, REFORE
HRICED 2R, WERSEBRCHHEHEFME L, LBB I OFE ST,

3. EPERRIEEER

31 HEM

BEMIE, BAEE v 5 TER SN TO LR BN SR EMESTSI2 Th 5, & T,
AE609.6mm, AE38.9mmTHO, #5735 LALIE (900°C3045F, 224 BHlEI R TV 3,
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Table 3.1, 3.2KRUFig. 3.11cHET,

32 HEhH

A, Fig. 3.200R @Y, STS 2 MEDRTHE & EHGABRF OF 3R & H—H T 3
FICERINL 720 Fig. 3. 3ICABA R ER T BRURSHTANTE—-THEH, KEt DA
10mm &26mm D 2 E L. &7z, $XTORBRAICH L THENT (EDM) L0 B
HARBARE AT L 72, ERBA OUIR & T4 Table 3.3 IR,

I YT IATAREEBARCIEBN EOVWTHE, 2hABIKEET, Fig 3.3diER
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Licd 20ORBFHNTEIT- 7,
Spec. No B— 10D Tid, WIAEBERILROBEEBAB B0, HHEFILTA LI,
TR BBALIE, JK=85kg mm® | AR = 0.05 ROEMK0TE Th 5.

3.3 HEBEAE

3.3 1 HUIEERR

FFigEEER S, Photo 3. 1 IT/RSMES R 100 ton Dl v — FKENSERIE 2 10 T - 7=,
AR EAMEF v 7 CETCHET 5, ABPOELER I 1L.0mm, /min & L7z,
REHEE, WEP, WESEM O, BOEM COD RUSHLERE Ja ThHE, T/, B
T, BTEDENIK B 2 2 WBOBEEIEE £1T- 1.
FIEOHESHBSEED 100ton o — Feib, 0, RPFCODIE, #4147y YENHLT 25
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ACy 2#FNSH2CENTESLN, SEE 8.07T~9.60 x10™ ‘mm. kg (Mif#5#) K
3.23~3.84 x 10 'mm, kg (liFta 28) © 2 BIGAEA L1,
BHBAICEEIEREF A 7Ty PENLT2207 ) » TH - PERO A, BRLEE G
BIAGEE 1.0mm, min TH 3,

HIEIHE GATAE ZIBERTH 208, HMBBRLEN 0, OREEMA, Fhda OHERTH
ot SROALEEREFEHIHEEPSBEERMEHESCUEREZ, G31-ne—%
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Table 3.3 EDM notch dimensions and test conditions
Spelézoi.men Notcl;/::idth Notc’g/iepth Thtic(lécrglu:a)ss Test condition

A-1 0.25 0.75 10

A=2 0.25 0.75 10

A-4 0.25 1.00 10

A-6 0.25 1.00 10 Cy = 3.84x10~" mm/kg
A-7 0.25 1.00 10

A-8 0.50 0.51 10

A-9 0.50 0.50 10

A-11 0.25 1.0 10 Cy = 9.60x10™" mm/kg
B-1 0.50 0.75 10

B-2 0.50 0.73 10 CM = 8.07x107"% mm/kg
B-3 0.50 0.89 10

B4 0.50 0.90 10 Cy = 8.07x10™" mm/kg
B-5 0.50 0.75 10 Cp=3.23x107" mm/kg
B-6 0.50 0.75 10

B-7 0.50 0.88 10 Cy = 3.23x10™" mm/kg
B-8 0.50 0.89 10

B~9 0.50 0,77 10 Cy = 8.07x107"* mm/kg
B-10 0.50 1.00 10 Fatigue precrack
c-1 0.70 0.74 25

) 0.70 0.74 25

c-3 0.70 0.89 25

C-4 0.70 0 25

.50 f
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24-inch dia. pipe section

CCT specimen

Fig.3.2 Schematic drawing of CCT specimen orientation

< 0.35 ]
t
= o e S 7
I o~ ~7 o~ .
1.0
L= 470 ' :
(a) CCT specimen size o ; u
o )
o o ol |10 d
S 5 |
i o~ 7 | I
g — O O q!
: t
L= 470 et

- ( c ) EDM notch detail
(b) CCT specimen size ,

for unstable fracture test

Fig.3.3 CCT specimen geometry
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0 5 10

Crack extension by microscope observation;{(mm)

Fig.3.4 Calibration line for determining crack extension
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Figd 1 ~4 1510 &HBEDOP -8, — da OBEART. da i, OREIFEH~OSDEE
BOTHETH D, 2TORBFA L, BHENES THEL I L A RERRSHEL 0, £ 0%
MBI - TRENS SITHML T, FHENRAEETRTEL, S, FRPEEICER
LT CGBELET, MEARECED L, SEEENCE - . HENERNICED T 20,
da HlEO DI ARAEF LD THSL,

ERPORBH D SHEROLNAS Photo 4.1 I 4.2 1R%, Photo 4.1 REME/K &
(A~4, a/w=0.25), Photo 4.2 3kEBIR = (A—2, a w=025 d /t =075 OBET
Hbh, BEMUKEIOHE, 0,7 4mmBEICLE T TURSEOMEHES, 0BSREE
T4 D=7 U V7EERL AN GERL, REENCES. REBURKIQEBEE, 0,
WOSmmIEED S IREDTREHE Y A A v - BHEHEFL, WELRIUHE, I OKER
i B S IUEENC SEAE L, AUEICUK B E T - T . FOBBEBDKE OIS
BEELT, 45° OWEATE L2 S BEENICE S, TNTROHBRE O 4 Photod.3
R4 AR, WIS (HOES AR 7 v S AEETH - 7.

Uk, MOABRROZRERRNEEERVHEATEEIMNRICE EHTRLI,

e, A= 15 A-9FTORBRHIC OV T, Fig.4 155 4.6 KRTEH36~37 ton fF
AT—ERBHEMANEE 0, 1.5mm~2.0mm ZR AL /R IC EEHEIHMNT 5, 2 DE
HHA AR OFRENLFERREEC L, J, ZRET ZEEM (150mm) SR H -
CEBHEL - £ THE, T0T, WK BEMSEMICRDT LEA 03 COD &
iz P-COD—da ihif%, A- 145 A 9DFBTICSOVTFig 4.16~4.21 KRY, B
RUFCORBAEICOOTHE, 6, ECODEDERBEAEEOALD -,

ARBORSARIICO0T, SRABEAET L 2% P -0, (COD) dRhicREITR
LTsn, SROREEERR I OE- 7 DRICEL - TWd, ks, B1oY— 71K
FEHAOUHA v ROMTECEE6DEEZONE, COEIDOE-7ILH0T, YIKRE
RS OEELIRTHomIC, Fig.4.22~4.24 WOREEAE—IC L ZBAORBELAHE 4
. Fig.d 2274, t=10mm, a/w=05GEAT, d/t £05, 075, 0.9 K10 ©45E
BASERMBETHE, ./t = L0 ROV TEEIHWOT -5 2A0L. PREAECLS
EHONTHEIDE—7EP, RASCHD, 075 EDECIHEAED, BELDE— JlP py &
B2 5, SLICKCENA/ L =05 THE2OE— 7 BEDNY, KMMOH LS, Fig 4.23
i3, a/w=028084THD, dt=0T5RULODHETH D, F10E-— 73 LWmER
Bfffichghicidl b, BEBUKRESIZHLTH2 ton OFEEMEL 7, Fig d24id t=
Zmm, &/ w=0TOBAT, d/t =076, 0.9 KT L0DHERTHZe Pu & Prex OBIFH
AMAD A/t =0.75 R 0.9 M Fig. 4. 22 0D d/t = 0.5 BRI 0.75 KHIET 5, Lipl, U#
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YRS DEIES LT, FATN 25 mmBRU 5~6mme—F L TED, £ 2 [EOBE
BIOATA VIR ETEZEEZZL SN,

STS 4206 4 v FOEEEEAVAZBER 1L 2L, P, EPr OASSHDRD
A/t =075~09 LBV THERL, 08T HTALEPHEINTVWE, SHOTPHRZBRT
i, t=10mm, a/w=050DFERN6 1 v FEELEULTVWALEZ LN, d/t = 0.8 1O
BET2o0E—- 70 —HT A3BRET -1,

42 EMARERERR

@27 IATARERBEHNT, 3EHOUREELETARBE GHT14) OEMRE
EHERARET -7, SBRE0BONP- 0, ihi#l4Fig 4.25~4.311c, P-4, % Fig.
4.32~4.38 R d, BT, A-6, B—5RUFB— 71348 Cyw 554 (3.23~3.84 x 10" mm,kg)
TiT-hbDTHY, A-11, B-2, B-4 K B- 9125 Cy 24 (8.07~9.60 x 107" mm, kg )
TiT-1bDTHS, Bk, Av)-XOREBRF >0 T}, BB P -COD 44 Fig.4.39
BMUF4.40 WL,

FTANTORBRR I ALEWEAER T U CTHl L 70, RECEMEBE S 4 ERYICRkD S 0 &
1, WERED OALTRE~NOEBBHLIDOMITEC S0, (ECRBTHL, 70T, &
LR EREFICL T, Fig.4.41~4.47TieqRdd,— 0, fhisicso T, 6. A3 LT & mks
057 0, HEEITHEML T SAEARTERBHEBEAEESL . SRRICHLT, 204%
Fig.4.25~4.38 iz &7 L #o, '

AV —ZADHBF I, Puux 2BA T OBETONEETARERT, REEWECE - 12,
EBCyw DA-6W 5. 1ton, & CyDA-1113 1.7 ton ODHEBTERALEWEL .

By -Z0HBAE, HPLEETARICMIE itk -2 240, £0E% 03
SIIARLEANT L, L, WIBAHEDYFHA Y FEOMTHEARLEDEL2OE 7 241 54
b, SHEHOLLERBEELT 2, TOHBAY Y — X LA Poae 2 BE 3 THRERES
i, HTOWMBERMNMEALZEL L. ThFhORERTRER, BECy ®B-5RUFB— 72
39&@&7mn,ECM®B—2,B*4&UB—9ﬁfn%nID,LZ&ULZMmTéﬂm
KPR DALES, FLEEGESIESARUBRAREES 4R L .

SHABRF OALESCBF AP0, HROMEE dP/d 0 i i1, Fig 4.48 IKRT & 51T,
BIE Cy CFL - foo HEMPARLEMESHFR, Cy<dd dP ThHH, AHBRER I T Y4
DTH -T2, - .

SGRIDB ¥ ) —XOHBE TN TARLEFES 23R Lh, A LERRLELSI P, 12
d/t KL, IREMRCIZEP, @< 2, IREDEL, PL & Py ARIEZOM
0, LDARECUIBEATIE (FLEAHFig s RU4AE) 22FREEBEF A O BTN
FTC—RREALERRTD EEZ LN S,

Photo 4.5 XU 4.6 BALERBEHBDIO 2R ERBKNAE L 12EHTH 5, ORBE K
DOTRMRICT LI, A — X Prax 253 THECSENEL, 5% 2HOEERY
TEBIHERITE oo By ) -3 P, BRIEREENT2H, GEEEICI0SUFEFL
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, B Kaneko et al.
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Fig.4.48 Comparison of system compliance and specimen compliance
at the onset of instability
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] Load-line

% ik ) "*@r— ”“‘“}.“""I naﬂ i

¢ AT 0 e displacemant

Chata tton) {mm)
) 0
31.3 1.0
35.4 2.0
37.25 3.0
3745 4.0
38.25 5.0
39.2 6.0
3875 7.0
36.7 8.0
33.7 9.0
30.2 10.0
26.2 11.0
22.0 12.0
17.4 13.0
12.1 14.0
5.3 15.0
0.4 16.0

Photo. 4.1 Develcpement of stabie crack growth in 10mm-thickness through-wall
CCT specimen (A-4)
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Load-line
Load displacement
CMton) ()
0 0
35.0 1.0
36.4 1.5
36.7% 1.75
36.8 2.0
37.2 2.5
37.0 3.0
38.0 4.0
3956 5.0
40.3 6.0
39.6 7.0
36.9 8.0
33.35 9.0
29.4 10.0
246 11.0
19.65 12.0
14.2 13.0
8.95 14.0
3.6 15.0
0 16.0

Photo, 4.2 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (A-2)



JAERI—M 87— (77

Photo. 4.3 Post-test fracture surface of 10mm-thickness

through-wall CCT specimen (A-4)

Photo, 4 4 Post-test fracture surface of 10mm-thickness
part-through CCT specimen {A-2)
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Load-line
A=t ,_ Load displacement
ek Lk ‘ (ton] (]
0 0
20.3 1.0
345 2.0
6.1 3.0
36.3 3.5
36.7 4.0
37.4 45
38.2 5.0
389 55
39.3 6.0
39.5 6.5
39.2 7.0
38.8 7.5
38.2 8.0
375 85

Photo. 4.5 Develcpement of crack growth in 10mm-thickness through-wall CCT specimen
under high compliance of 9.60x10-*mm/kg (A-11)

_43 —
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Load-line
Load displacement
({tonf (mm)
0 0
23.1 0.5
22.458 0.92
22.35 1.0
22.9 1.5
25.3 _ 2.0
26.2 2.5
26.8 3.0
27.0 3.5
26.95 4.0
26.4 4.5
25.4 5.0
24.05 855
225 6.0

Photo. 4.6 Developement of crack growth in 10mm-thickness part-through CCT specimen
under high compliance of 3,23x10*‘mm/kg (B-7)
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Photo, 4.7 Post-test fracture surface of 10mm-thickness through-wall CCT
specimen under high compliance of 9.60x10"*mm/kg (A-11}

Photo, 4 8 Post-test fracture surface of 10mm-thickness part-through CCT
specimen under high compliance of 3.23x10-*‘mm/kg (B-7)
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5.1  J—R i#R(C KB ZZERKNOTM

FIHICELT, TREBRMEFTAERICH LT J-RéhEsRkd, T-754 704 v
AERL, ERAEEWEOTHET -7, S, VHKRES 2EALRBRAROEST 33
AEA L FHBRE AR ERAT - 10T, FIHEE ] -REEOFH TS,

JEESHE, Garwood & 1045 3BREAZE LKUc & 0EH L .

U'J - Un*l

Jo=Ton + (1

22T, ndarEzsry 7, URP-0, HEFOEE»SRKHONE 4+ 0F—THD, Ad
RO AT DOWTIISWEBRARC L7, P-CODHEAFM L 7.

Figs. licskdont J-REBERT. Biicbr 2 ] REIELEHETALIZ, SO0
ERAPHOENEEKT S S, dJa=2mm (TR SRKEUEMEERLIEY, ToHS HInE
iR C@ CEmicH 5, DM, B 1HITET 2 t =25mm, a/w=05 K07 DEEP
F2HTHEITH2AT v L 2AHDEREREROFE LB L THh, LRI HEsORELT
DhHTENLPLE, Zhid, JXREREBZGEL L TWUETHAT EPEREIN S
w (=bJ-d]/da )} H/PNE <, DF QEEIEN Y A 2 v riext L TR S LERIIC R
S TnBLEILEBbDEEZOLNS,

WHTFSHAPEALLZEBRF B-100ERR, FlRobosHizEEs3REbon, &
EELTPESEEERL, T0EIE20~50kg mmEETH ., RPFELIZSEED ] Rl
Woa (d]/da) FIRE-HLTEYD, COEREHIYETLZLETO JACRKEIILLSE L
DTHbH, FPERDO JHE2ED Jic #RHZBEE, SHFCHOTO IHE M LR &
POREXOD ] AF5ADEEZONED, T-2534 704 5EA L CEHREERELT
M5 LT, d]/da REE SN b, OIS BEROECE B E 0 AS SESARIES AL
LAk,

$72, Figh | KIZEME 10k STSA28 6B Sch80 fIEHRIAD | -R i & & b=
TiRbLl, BEERBEIUREAEZ20=90"~180°DsDTHY, E1HOER (aw=105)
ERE-HLTO 5, BELOZOROTE I LAUE, Pan 5 10 £ JEEIARG 7
DEBRERIT, VHEICLOERAITERPEEORRUARIEES 218806 2 C &P EBxN
TWd, 27 v L ZMEEEM PRENMEEM S oGO MENCH LT, SEFHERICKE
LW JEARHEOBEERLETHS D,
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52 T-0347)F NIKBEGRETHEDTE

Paris 67 0L - CRES N T- 254 7 ) 4 V15, HEOS S GELER |2 & B T,

&, ARMSNDERTIHSFH T KD FARES L CEBALTHELR L5 650TH
n, REATERHLEINE,

Toar > Tepp 7 HHELE SUME ©)
T et = Tapp 15 5T AESE R o
LT Trat B Tagp @FIRATED SN BRI HEERTHS,

E, d]J
L = 57 (—d;)m

B, 5
TaDD = 0_2{(5_3,‘]'—_>

@)
41t
(%) . ] R EE O

mail

31
(g) DTSR At AEE L L E OB S BERICHT 3 | B OE(LE

SECERTIE t =10mm, a/w=025 OHBEUKSEHLT, FERREEELLEHER
BET /0T, BOBBI T2 547 )4 v 42EHAT 5.

Tmat i, BIEETHRONIA-ARFA-TO J-RIELOER L, Fig. 5.2itF5d L5974
J =T mae BRI AEE 1,

Tapp B, —RPINHEEWITH L TER T2 L REBTHETH 20, KRBT 500
R &SRO ERRFICH LT, Tada LD TDEHAREZ N TR, 22T, |l
HE LUTioRd Tada SOEHRAERNWT ], Ty 2EHT 5,

J=b+0oo co{ & (acer b, n=1)(P/Po) +AG,,(a /b n)(P Py)" } (5}
Tapp=N.”D :

N= Hi (P Py )* + Hz (P/Pe)™ + Hs (P Py )*"

6
D= 2C1-a/b)(% + 2BEC,)+(1 +¢) ¢ +nGay (P/Py)™

Hy = 2(1-a/b} (£ +2BECY) ( ¢y + ——

l—a/b He
_ é1
L+ ) (¢3*¢4)*¢54+T}¢1€b3
: 1 -
H, —a| A(1-a/b)(E + 2BEC) [ s+ —— 1} G.,

1—a b

+{n[¢3—ZH/T]—(%(Z-F@)}(@;'GM)

Hyi=a (ng; ~(n+1) Bs 1 (Gyn* Gan)
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G~ s, D ~Ps R Gin~ Gaa 13 XEE34) L 0 BHAHICRKD 2,
EXEAVSICHI T, MBOES -0 A8 13KRX0 Ramberg— Osgood B 1c {3 L
1o
€ €0 =000+ (a. agy)"
Op = E &g
AR nOEIR, ABETIERBRERLD, 2~ 1220800 AT L TR/PZFAML T
Koo,
Toar O Tap, BHIZHAWAZEHE T EH TR TRRED,
E = 196 x10' kg/mm’

0: = 0g = 0, = 36.7kg,/mm?

\8)

a = 70

n = 5.0

A =1

Cu= 3.84%107*, 9.60 » 107" mm. kg
(A—6) (A-11)

A-BRUA-ICHAVA 2RO v 7747 v 2 Cy KL TEE L 72 (] —T)app thig 4
Fig.5. 3R g (J=T)pa BHRRE LT, BIETRYD /A J-REED I &, H2HIDFH{E4
TELRDTRBDOA- 4 DMBREREAL, T—7 354704 EOTECT =T ma & ~Tapp
D 2RO ZEPERALERELSTHD, ThooERUTC R ickDd i,

A= 6" Jinst,car= 193.5 (kg /mm) [ Cy= 3.84 x 107 mm, kg )
A—11" Jinst,car = 165.5 (kg/mm) [ Cy= 9.60 x 10”* mm, kg

IRIC, EEBREE SUEM AT EREMHEED IS E Ry 5, Fig. 4.39 RUFFig. 4.40 o5
L7z P - COD #h#ic & 1F 2 AL EWBEFBIFOREN S, Fig. 4181 kD da 2RH, £ D da
ZHWT Fig 5.1 @ ] —R#h§RD SEHRLEWIBBIEEED JME, i exp 2RO,

A—6 7 Jinst,exp= 240 (kg/mm) [ da= 9.1mm)
A=11 7 Jinet.exp = 187 (kg mm) [ d4a=53mm)
Fig.b. 3z nodDfibmL 1z,

FEEEIERBEICHASTIT~20%/DMIVETHD, TEHDOFMEL - T D, THITE 15
CBH5E—MEOERLBEIRUEEORETHS, Lrl, F2Hickds, LoasflED
2T /L ZHMEMOBERS CIKEENRB(HETEBRENTEY, T34 704+ O
FlE st D aE), $HEBRBEZANLCEBHETHSE, /bbb, T—0 547 )4 v
DEMEEL JRMCHETABEMERORE XOEFMNERTE ), TalnhE-TI®
34T A OBMAMSHE TR EEFELLNE, T-7 747U 4 v A2#HTAERICE
Tapp OEHESHSE £ 15555, Fig. 5.3 BT Pone B D JEZR L 72 & 5 0 SN 77 K A0
Prax WL OFRLEWEAR T L2DML, T-2754 704G E0ERL~ (JE) ok
WS TORLEWEE TG 2 2 L0348 Th 5. SHAGIRENMRSHOES 1T, S8
MElo L Tl s S, BRAOEHERLAEEET-7 74702 3 EATE SO P
TNETAHEL NLE2FLTWEEE25NLN, SRILEEEOBRVWT 7547 4 v
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KUTEIS B E LB ¢ AR, MHOBIRENE LTHC 2HEEIET o AHER R
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5.3.2 REBUREFER~DHEH

Table 5. 2 W AREHBUWR SN PHABRE DS 5N PL R P oo 47557, A8, A—9, C—1
RUOC-2EZ20THEP ERKE, Pux MEAPRICEBOINES - 7,
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ERDNEN®, Fig 8.6 TR LIZIBADHDE FAAfb Y TR I LABEER S
NbH, 2F0, 0, TEOLAAESEBICRLIOKRSIBIEHCEAEELZ NS, Ll &
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Tabie 5,1  Net-section stress Ot &t maximum load for threugh-wall CCT specimens

Spiifnen Notci/ﬁldth Tﬁfiizifs ;ﬁﬁ: giﬁzg ké?ﬁéz gnet/(0y+gutsf |
A-4 0.25 10 39.25 52.3 0.565
A~6 0.25 10 39.1 52,2 0.564
A-7 0.25 10 391 52.2 0.564
A-11 0.25 10 39.5 L 52.7 0.569
B-10 0.50 10 25.95 52.5 0.567

*TP-01 0.50 25 70.2 56.2 0.607

*TP-02 0.50 25 70.4 56.3 0.608

*TP-03 0.50 25 . 69.6 55,7 0.602

* P06 0.70 25 44,5 59.3 0.640

" P07 0.70 25 444 59.2 0.639

*TP-08 0.70 25 44,7 59.6 0.644

*Tp-111 0.50 10 27,0 54.0 0.583

*Tp-121 0.50 10 27.4 54.8 0.592

*®Tp-112 0.50 10 26.6 53.2 0.575

*TP-211 0.50 10 27.3 54.6 0.590

*Tp-212 0.50 10 26.9 53.8 0.581

* oy = 36.7 kg/mm?
{
o, = 55.9 kg/mm?

% Reference 20
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Table 5.2 Crack penetration load PL_and collapse load Pmaxfor part-through
CCT specimens

Specimen | Penetration Load Max. Load Calculated Load
No, P; (tom) Prax (ton) Py (ton) Py (ton)
A-1 36.4 4044 33.3 38.55
A=2 36.8 | 40.4 33.3 38.65
A-8 38.1 — 31.4 26.3
A-9 38.3 A — 31.6 | 26.4
B-1 29.9 I 28.2 25.15 25.8

* B2 29,55 27.8 25.5 25.8
B-3 24.15 27.7 ‘ 21.4 25.6
g 22.95 27.2 21.1 25.6
*RB-5 29.0 27.45 25.1 25.8
B-6 29.1 | 27.75 25.05 25.8
*B-7 23.4 27.05 21.6 25.6
B-8 23.75 27.25 21.4 25.7
% B9 27.35 27.20 24,5 25,8
c-1 67.2 — 47.0 38.9
c-2 69.1 — 46.5 38.9
c-3 48.0 45,3 35.7 38.6
c-4 48.3 45 .4 35,1 38.6

% High Compliance Test
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400

, J(kg/mm)
S

B 200t
n
2
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e
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Fig.h.2 J_Tma't curves for STS42 CCT specimens

400
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300
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o " M=9.60x m
01200 1 g
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0 1 1 ] 1 1
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Tearing Modulus , T
Fig.5.3 J-T analysis curves for CCT specimens with two compliance conditions
of Cp = 3.84 and 9.60x10"*mm/kg
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Load-line
Lead  displacement
[fon) (mm]
0 ]
34.85 1.0
36.06 1.5
36.6 2.0
37.0 2.2
37.1 2.5
37.15 3.0
37.65 4.0
392 5.0
40.3 6.0
40.05 7.0
37.9 8.0
34.7 9.0
30.8 10.0
24.6 11.0
21.7 ' 12.0
16.6 13.0
11.35 14.0
6.05 15.0
0.4 16.0

PO

g i @

oL g
g,’?é RS

Photo, A.1 Developement of stable crack growth in 10mm=~thickness part-through
CCT specimen {A-1)
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Load-line
Load displacement
[ton] [mm]

0 0
309 1.0
34.9 20
36.2 3.0
37.1 4.0
38.45 5.0
39.05 6.0
38.2 7.0
35.9 8.0
328 8.0
29.3 10.0
25.3 11.0
21.0 12.0
16.4 13.0

11.6 14.0
5.3 15.0
0.6 16.0

Photo, A.2 Deveiopement of stable crack growth in 10mm-thickness through-wall
CCT specimen (A-7)

— 64_
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5-8 Load-line
Load displacemant
fton) [rm)

0 0
33.6 1.0
355 20
35.6 3.0
37.4 4.0
37.0 5.0
32.0 55
31.0 h.66
29.9 6.0
28.5 7.0
25.8 8.0
21.7 9.0
17.4 10.0
12.9 11.0
8.2 12.0

3.5 13.0

0.4 13.5

Photo, A.3  Developement of stable crack growth in lO0mm-thickness part-through
CCT specimen (A-8)
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Load-line
A-9 Load displacement
(ten] {mm)

0 0
34.1 1.0
36.0 2.0
36.2 3.0
378 4.0
36.4 5.0
314 b.b
30.0 6.0
28.5 7.0
255 8.0
21.2 9.0
16.8 10.0
12.1 11.0

7.2 12.0

2.2 0 13.0

0 14.0

Photo, A.4 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen {A-9)
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B-1 Load-line
Load displacement
[ton] (mm]

1] 0
28.85 1.0
27.7 1.5
26.8 1.73
27.0 2.0
276 2.b
28.06 a0
28.05 4.0
26.55 5.0
234 6.0
20.2 7.0
16.35 8.0
12.5 9.0
8.9 10.0
4.8 1.0
0 12.1

Phcto. A5 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-1)
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Load-line
B-3 Load displacement
[tan) (mm]
0 )
23.9 0.5
23.0 1.0
24.8 15
26.2 2.0
271 2.5
27.6 2.0
27.5 4.0
26.4 5.0
24.8 6.0
22.2 7.0
19.2 8.0
16.2 9.0
12.7 10.0
9.4 11.0
6.1 12.0
1.4 13.0
0 13.5

Photo, A6 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-3)

— 68 —
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Load-line
B-6 | . . Load displacement

[ton (rm)
0 0
2905 1.0
27.6 15
26.1 1.75
26.3 2.0
2695 25
27.5 3.0
27.65 4.0
26.4 5.0
234 60
19.7 7.0
15.7 8.0
115 9.0
7.6 10.0
2.2 11.0
4] 1156

Photo.A.7  Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (B-6)
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B-8 ~ Load-line
‘Load displacement
{ton] {rm]

0 0
235 0.65
22.2 0.82
22,35 0.89
22.7 1.0
25.8 2.0
27.15 3.0
27.0 4.0
25.55 5.0
22.75 6.0
19.5 7.0
15.8 8.0
121 9.0
85 10.0
| 4.0 11.0
0.8 12.0

Photo, A.8 Developement of stable crack growth in 10mm-thickness part~through
CCT specimen (B-8)
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B-10 | Load-line
: B Load displacemsnt

lton) {mm}

0 0

21.2 1.0

24.3 2.0

25.7 3.0

25.7 4.0

24.0 5.0

21.1 6.0

17.3 7.0

133 8.0

9.3 9.0

5.5 10.0

0 11.0

Photo.A.8  Developement of stable crack growth in 10mm-thickness through-wall
CCT specimen (B-10)
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-1 Load-line
Load displacement
(ton! (mm]

) 0
53.8 1.5
66.56 2.0
63.8 3.0
51.6 3.73
50.0 3.88
49.2 4.0
43.8 5.0
37.8 6.0
30.0 7.0
20.0 80

8.4 9.0

0 10.0

Photo, A.10 Developement of stable crack growth in 1Omm-thickness pari-through
CCT specimen (C-1)

4‘72 —



JAERI— M 87 —077

Load-lins
Load displacement
[ton] [mm]

0 0
650.8 1.0
89.0 2.0
84.0 3.0
55.2 3.5
b2.4 3.67
' 50.9 3.80
49.2 4.0
43.4 5.0
35.4 6.0
25.6 7.0
14.0 8.0

0 9.0

Photo, A.11 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (C-2)
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c-3 | Load-line
Load displacemant
lon (mm]

0 O
48.0 1.0
45.6 1.32
43.6 1.5
43.7 1.59
440 1.73
A44.8 2.0
44 .9 3.0
42 .0 4.0
368 5.0
29.6 6.0
20.6 - 7.0
9.6 8.0
0.4 9.0
0 95

Photo. A.12 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (C-3)
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Load-line
C-4 o | Load displacement
(ton] (mmi
0 0
489 1.0
45.5 1.43
44.0 1.57
43,95 1.65
44.1 1.77
44.7 2.0
45.2 3.0
42.4 - 4.0
37.2 5.0
30.2 6.0
21.0 7.0
10.4 80
0 9.0

Photo, A.13 Developement of stable crack growth in 10mm-thickness part-through
CCT specimen (C-4)
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1-6 Load-line
. ). Load displacement
ffon) {mm
0 0
30.8 1.0
34.8 2.0
36.25 3.0
36.8 3.5
26.9 4.0
37.35 4.5
38.1 5.0
38.7 5.5
39.0 6.0
39.1 . 6.5
38.7 7.0
37.7 7.5
36.6 8.0
353 8.5
34.0 9.0
329 9.4
0 _

Photo. A.14 Developsment of crack growth in 10mm-thickness through-wall CCT specimen
under high comptiance of 3.84x10-*mm/kg (A-6)
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Load-line
B-4 | | ) Load displacement
[tonl {mmi
0 0
229 0.5
22 .45 1.0
24.2 1.5
25.5 2.0
26.4 2.5
26.95 3.0
27.2 3.5
27.1 4.0
26.65 4.5
26.0 5O

Photo, A.15 Developement of crack growth in 10mm-thickness part-through CCT specimen
under high compliance of 8.07=10-‘mm/kg (B-4)
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Load-line
B-5 Load displacement
ton}  (mml
0 0
26.6 0.5
29.0 1.0
28.0 1.5
27.1 1.65
26.5 2.0 ,
26.75 25
27.2 3.0
275 35
27.4 4.0
26.9 4.5
26.1 5.0
249 5.5
23.6 6.0
218 6.5

Photo, A, 16 Developement of crack growth in 10mm-thickness part-through CCT specimen
under high compliance of 3.23x10-*mm/kg (B-5)
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Load-ling
B-g Load displacement
[ten] (mm
0 0
25.1 0.5
27.35 1.0
26.65 15
26.0 2.0
26.4 2.5
ey, 26.9 3.0
B swh R
RS 27.2 35
(figsse
Essna: 27.1 4.0
[ & 5 4
e
ELiat 26.7 45
poeow o8
i
| 26.1 5.0
25.65 5.4
0 —

Photo, A, 17 Developement of crack growth in 10mm-thickness part-through CCT specimen
under high compliance of 8,07x10-*mm/kg (B-9)
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A1

Photo, A.18 Post-test fracture surface of 10mm-thickness

CCT specimen (A-Series)
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AN 1)
SR O

Photo, A.19 Post~test fracture surface of 10mm-thickness

CCT specimen {B-Series)
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Photo, A.20 Post-test fracture surface of 10mm-thickness

CCT specimen {C-Series)
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A-6

fOA R 23 AR~ 9 U728, 29 S B

Photo, A.21 Post-test fracture surface of 10mm-thickness

under high compliance CCT specimen



