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Ductile Fracture Behavior of 3-inch Diameter
Carbon Steel Piping with a Circumferential

Through-wall Crack under Bending Load

Noriyuki TYUJYQ, Katsuyuki SHIBATA
Kunio ONIZAWA, Takaichi KAWAMURA
Toshihiro OHBA and Shohachiro MIYAZONO

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

Tokai-mura, Naka-gun, Ibaraki-ken
(Received June 17, 1988)

In order to introduce Leak-Before-Break (LBB) concept into the
piping design criteria of the LWR pfessure boundary pipings, it is
necessary to investigate the pipe fracture behaviors, such as fracture
condition and crack opening area, etc.

At JAERI, pipe fracture tests of stainless steel and STS4Z carbon
steel pipes under bending load have been conducted as a part of the LBB
research program.

This report summarizes the four—point bending test results of 3-
inch diameter STS42 carbon steel pipe with a circumferential through-wall
crack. Tests were carried out at room temperature, In the tests, the
fracture behavior of pipes was investigated to eveolute the validity of
Net-section collapse criterion, J-R curve and crack opening area. It
is shown that the Net-section collapse criterion gives a conservative

evaluation for the fracture load of 3-inch diameter carbon steel pipes.

Keywords: Ductile Fracture, STS42, Leak Before Break, J-resistance Curve,
Net-Section Collapse Criterion Crack Opening Area, Light Water

Reactor Pressure Boundary Piping
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Nomenclature and Abbreviation

Initial half crack length

Crack extension at pipe outer surface

Crack extension at center of pipe wall-thickness

Center Cracked Tension

Crack Opening Area

Crack Opening Displacement

Crack Tip Opening Displacement
Charpy V-notch Energy

Initial pipe inner diameter in the
Initial pipe inner diameter in the
Average of dxg and dyg

Initial pipe outer diameter in the
Initial pipe outer diameter in the
Average of Dx, and Cyg

OQuter pipe diameter in the x direct
Outer pipe diameter in the y direct
Young's modulus

Electric Discharge Machining
Fatigue Crack

J-integral

Applied moment

Collapse moment

Applied bending load

Pipe mean radius

Rocm Temperature

Flow stress determined by pipe test
Design stress intensity

Pipe wall-thickness

Applied bending stress

Flow stress

Ultimate tensile stress

Yield strength

Load-line displacement

Loading system total displacement

Initial half crack angle

X direction

v direction

X direction

y direction

ion

ion

(mm)
(mm)

{mm)

(mm?)
(mm)
(mm)
(N
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
(mm )}
(kg /mm’)

(kg /mm)
(kg « mm)
(kg - mm)
(ton)
(mim)
(°C)

(kg /mm’)
(kg/mmz)
(mm)

(kg /mm?)
(kg /mm)
(kg /mm?)
(kg /mm”)
{mm)
(mm)

(deg)
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fETH, BRKURTAREHORBECKE L, RFRBHHTEN Y v &) BEORR+ o F
i (Double Ended Guillotine Break) #1E%W LE2Bi#HRT T4 RE ST,
FOOREEHOBRECL Y= v rROBEE - REOL LI L - ETHBHZFMO 5 KA
PIARES S - #88, EEOYHBEY Mo 2 EF LA EER LSRN, £
DEERL, NATHFA T LA LA Y FOREBPHEENL DR FFEREABGBEYORE
DEB LB TN 5,

—K, Bhow v FVEFCERSNTY 250 E OB FITE LEWEESOR
A o, BMETHNE (LBR) SaoBEReRit~0BEASIARAZE TR SN T 5
oA, EEHEOHENS VAV BERAEAMEVES, BHEEE L CERTRLER
BT AL RN, A-3BEEULBATLHNCESACANMRERMSECH, h%
BETEACETT 7 rEREREBETEALVHIBELZLEEFCEAATH S,

LBB OB EIF S hhiZ webi#ERitc LRBEESEZEA T AREHAHEL T O MERE T
BOBERRET A2HNEEIBR_RY o F VM -~BHThE 5, & oBRIHERS
ApET Attt 77 v rOEFEELR LT AT EENE, BTREMES - FEFRFLS
HBEMD 3 v s v fl, X4 k4w 7L 2B LAY OHIBRICE 2RFEAREDOR L, A
HERAh e I T R AR EEOBIE CEBICH LT HARELEST 2, KETH, HHV 7 b
THRATFEAL T LR LA Y EHELEFRE 77 v I BEOREBEIHFEN LD 57
Vet BEREEN T

HBENCH A LBB IGO0 BENMORKE>EFDBOTH 5,

1) FTHE 19814 RSK (Reaktorsicherhei iskommission) #4 ¥ 7 4 ¥ HeEl s hures
IDEMETIE, KE54EE PWR —REEEOHEEHUOER*/MRO2F 5 0.1F TESL
Frl &TATEA T LR LA VY FOBRBEBAELE S

2 KETIENRC offfkicth 1687411 H10H CFR50, AppendixA, General Design
Criferia for Nuclear Power Plants Criterion 4 @ﬁﬂﬂﬂﬁfﬁa")nf:? C@%ﬁ'@ﬂi%
TOETLNT 7 Y b OET 7 v ¥ —FE (FEHS 93°CLLE, 19.4kg om? PlLL) 20Ty
FhA v T LA LAY EBIP 2w bAYEYIR Y FDHIBRERDTO S,

3} 441 72 1986 4F General Design Criteria ST &h, #iEME PWR —KRES
OMEHITESS 2F 25 0.1 F CZE LT As
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31 MR

fiEstdf i, BAKEEA Y ) THEBASNTO AREMUERKEME STS42 (J1S G345
SERERREHE) $REEHETH L,

i, MBS A v (89.1mm) ThY, WEMREH~E7% Schdl (t=55mm),
Sch80 (t = 7.6mm), Sch160 ({ =11.1mm) D3I >WTHR L, B, IHSORTE
1F, e S LELEE (900°C, 1093%K) BEIEINTV S,

Table 3.1, 4LEMSOL — FUSEE R
Table 3.2 1T, R EOMEBMEE %4, Table 3.2 DEIKRGITRTFIRAB L SRDI
LOTHB, 58 KREEBEDI WY — % Appendix A IKRT,

32 BIRABRAEHIUKBR

Halst STS42 OMBAIIHET (BRES, FikMS, @0, #0) ERD L0 JIS 22241

(1980) &BHHSIERER ik L, ZEERRPTIRABREREL 1o

JIEHBF R 3EORRBRELE —o v FOBEMA oE R 2AT ORI LA, Fig 3. 1,
SERBITTERERT, AEOME Sch40FE O AR TR IERERF & L, BAMmstEe
T50mm & L, 51ERBIIERI0tondD 4 v 2 Fo YESEABBC LD 1.25%8FFE T/ oR
v K3EE 0.5mm/min, 1.25%FELI LTI 5mm, min THEHML .

Table 3.2 4, FIEABERE R, UEARBL ORDIIEN -0 FTAERE AppendixB

R,
33 i -HEHABARREIUVER

BHBEEMD v vE-RNT 2 0¥ —%2RH D10, JIS 72242 (1980) B EEERE
BAECHED, Yo E—FHRABEERL I,

Fig 3.2 8X U Fig 3.3, AR FEIG RS L OB ERKE RS, HEBAE, JIS 22202
(1980) &BHMEBERABRE WL 2 4 5 B v Vv 4 X8R ((HL, Sch40 TidiE 40mm
Sch80 # & 78 Sch 160 T3 i& 5.0mm) M, RBRH &, Fim iR E#BARNE XS
ETHER L

BR300 ] ORBETEy, RBEER, —120C~175C (Fl) L LRBETIARELL 2
AT ERL f.

Fig 3.4{(a)~Fig 3.4lchc, 9w FTEDY v vE-RINT 2 V¥ - RIEERERT, 2O
HEMIT TIS G3465 (198¢) OBSEHEDCERELME L T 1,
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BRich B L ETT,

Table 3.1 Chemical composition of 3-inch dia. STS42 pipes

(wt%)
C Si Mn P S
Specification £0.30 Oélo 0}30 £0.,035 £0.035
0.35 1.40 :
Sch. 40 0.14 0.12 1.14 0.016 0.008
Sch. 80 D.14 0.12 1.14 0.016 0.008
Sch. 160 0.14 0.12 1.14 0.016 - 0.008
Table 3.2 Mechanical properties of 3-inch dia. STS42 pipes

at room temperature

(%) Yie%ﬁgjggg?gth Tens%iz/iigingth Elo?g?tion Rei:gzi?;)of
Sch. Specimen No. Shape
225 242 225
C4-1 Type A 32.6 46,8 39,0 64.3
40 Ch-2 32.8 46.8 38.8 58.9
Average 32.7 46.8 38.9 61.6
C8-1 Type B 29.5 45.8 37.0 77.1
80 .C8-2 31.3 47.8 36.1 74,4
Average ; 30.4 46.8 36 .6 75.8
C16-5 ! 75,7 45.8 34.0 77.0
160 Ccl6-6 Type B 3z.4 48.0 35.1 74.5
Cl6-7 29.3 45.8 37.0 77.9
Average 30.5 46.5 35.4 76.5
Ci6-1 Type C 30.0 45.5 41,2 76.1
Ccle-2 28.9 45.5 41,2 76.8
Average 29.5 45,5 41,2 76.5

(*) Refer Fig. 3.1




JAERI-M 88-—-130

suowtdads 2ITSUL) JO SITAIPWOR) T°¢ "Bl

02¢
08
FANY
Y
= S Qi
= 200;80 4 9 S (Q9} U2S) J adh|
022
08
. R
' D
> oz 57 (09} 45 ‘08 Y2S) g adA)
022
08
®
Nl
: e AY)
No.ouo 14 mo.oﬁm cl ©

(Ob 4oS) v adhy



3-inch dia. pipe section
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charpy V notch specimen

Fig. 3.2 Schematic drawing of Charpy 'V notch specimen orientation

Sch40 |Sch80 Schi60

10

27.5 27.5

notch section

Fig. 3.3 Charpy V notch specimen size
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Fig. 3.4(a) Charpy V notch energy transition curve for 3-inch dia.
Sch40 STS42 carbon steel pipe
200 7 i
! !
150 _
100 f-- -
50 -
0
-150 0 S0 100
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Fig. 3.4(b) Charpy V notch energy transition curve for 3-inch dia.
Sch80 STS42 carbon steel pipe
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Fig. 3.4(c) Charpy V notch energy transition curve for 3-inch dia.

Schl60 STS42 carbon steel pipe
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41 EEBSTHEE

BED 4 ST ARI T ~TERTIT, UTFOREE Y7 4 -5t D0 TH~,
(1) wEIRsnE
(2) PEE mE (RA)
(3) BI/R & Jo4RRE
(U~@VEH%#2E s~ ) w2 2%, Table 4. 1iTqRd, oI NBROEELIE~LI0D
s D64 v F, 124 v FOE STS 42 IREHE 7 — & & b ek L

4.1.1 HEBE

Fig 4. 11, HBEREKERT, Tabled 1 W RTHBICRABREKIZHENT (EDMZ L 0%
M08 0.3mm, FHAE L ~1BCDATEBREIMLEN T A, & o R LERE 3 &
BIUaEAFE ITORENTC L 2EBRME,» O, EHTID 0T TEREINAEFT SRER
F1ABEENG, FEBHEOURIRBEOREL, REMLc L 2RMEEF2REETS
AR Ed AT ETIROMIC LT

OROEET DT, EHOR 64 v FBIPI2A »FOFE Schl0fdEC 7 -7 LIk d A4
DA EHATEEEN T T A itk y, RA =T 1iThA o

Table 4.29~ 4. 2¢cit, BEBREOHM TEL L VRE-TEERT,

4.1.2 HBAHE

HE i, mEv—FHENESERRE (B8 0 100 ton)ik, Fig 4.2 1Rt 4 SdhiisE T %
# L, 4EMTHESAM LT -7 Photo. 4. 1 K KEEE A &%, Photo. 4.2 1z, HERKL
EIRDLE R T

Wk, 4AAMTORBIRY S BEUAEIR Y S, FENEH 200mm, 600mm & L, HER
B oz~ FiIEEE, 25mm min TRETZEK L.

4.1.3 HEHE

ABETCI, rE, B, REREER (@ENERE), SRHEUESL (COD), FRENWME D
0% (CTOD) , sHEOEK, 0FeaMm, BEFEREL

L DEEREELMCRT,
(1) fiEs L EAE

ABAKICRB I M ER, EHHBEICEEShIo— Feit k DRIE Lo
FHRMEAEMIC OV TR o — FECHVT, £ 100mmOEMITE DRIE L .
(2) =ZhERE (EENER) ORE
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135, SREERIBEAEEELEEECLARNEEDTHE L1,
(3] COD HLUCTOD DOflliE

COD BLUCTOD DRIFE I, 25mm>dD 7 U » 74 — 9% LR & chd §f & H1HA K Fa Stk 25 1
E LT = oo
4) =#EOEE (COA) DHlE
EOMEBEFREMCEOTHEEAEETOEHERE - 7 LEE L, S5 s3ES
998 L CAHEANEMERNEL T » 7Y vORARICE D 2 ZEOHEBEEES L.
B EHHAE

EAHAERURE O OHRKT >V ThR, MEAFBR 28Ry — V2N LAEDORHE
FEEMD EEITIT- 7, Fig 4.3 8y — V@R T T,
6) e PALRE

RHEAE, PREEMICHROTHBED x, y ARIDHEE / F 210 X DABE LR 72,
PEDRIEDS S, 7+ o/ EGSBLUBEREMBESE PCMAL o —-5iciZigL, 2R
BOF—- B EABEE L, 30K, ~HOTFo FEBCO>TR x-y L2t v 7
A v TERER LT,

42 EEBIHERRER

1.2.1 WE-HELELN-SZERBROMK

HE DT 2RI, BAASEMT 2y, Bk Lo WA2E U A EEKRBEOR
ML, ZORINOHE, EEMSEVONL. SHBRYAMABH L TR HE, 5
M EE AN GERHRICEERE L. Photo. 4,317, RFMHEBEOMBRIEE T, BHE
mit, »=T U 7E2ELTVi,

Fig 4.4~Fig 41712, JFAREOME - FELEN - AL REEROMFEE RS, [
Min, TaTE»o03RRE R, BORATEAEAMITH S, SHUETEATEST!:E
%, WEET LS GCREREL

IR 90° ORBEMTIC L2 F3 W LEHFTAREHETHEBAK (C-14, C-13) D
RAREF S 2 EETABADHBHIBEL - 1.

Kha7s L ORBBEDIES, FEATMEACRELIITORESBTBEHELEAE T TWAEI LS, Fig
4.4, Fig 4.8 B LU Fig 4. 4 5905,

Fig 4.18~4.201C, SFREARLOHE HELAEMIMEE TR, RA PR -~TH2HE
THREAELSAE CBALHY, BAWMESLUBRAMESCRY 2EMWNECL 5,

4, HMEIRIGAESR—OEBE, RA NS BACRVEANE L URAMES ITH
i AEMBARE 55,

113, EHEOEN - WHEARMIER S2ERCHRT AE0OZN - FMESALTHmEE L U
I LEBEORSHBMESERE*Z N FN Appendix C, Appendix D # 4 0¥ Appendix E iT7R3%
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4.2.2 RBEL
Fig 4.21 ~Fig 4. 34 &, BHRBEOHBEEMITAT 2 x, y FADOAZRBEHER L 0k
FEEEEERYT, ARV TRPELEE, x, vy AAOARAERE (D Dy) MHOAR
{Dxos Dyo) TERUFMBICE DR LI, ABRBERRIZDOTIE, Appendix F iZR7,
AZIEHTARBRKILTAFOEINC TV y ARICHEMEL, SZ2ELARETRED X
TR R LA,

423 =HBICIGEE

=ZIPOEEE, S2ERE 7 -7 IS L, Simpson OAREHVTEE L 7.
Fig 4.35~Fig 4. 37w, fiiisfob (=M Z) iextd 23 HWAOMBOELERT,
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Table 4.1 Test matrix

(*) R/t
Initial
26 Crack 9.9 7.1 4.1
Condition (Sch.40) (Sch.80) (Sch.160)
o° EDM c-1 Cc-11 c-21
45° EDM c-2 C-12 c-22
EDM c-3 Cc-14 Cc-23
90°
FC - c-13 -
135° EDM - ’ C-15 -
180° EDM C-4 C-16 C-24

(*) EDM : Electric Discharge Machining
FC : Fatigue Crack

Table 4.2(a) Pipe size and crack size of Sch.40 pipes

Sch. Sch,40
Pipe No. c-1 C-2 Cc-3 c-4
Average
26 (deg) (the 45° 9p° 180°
Dx g {mm} 86.38 86,42 86.38 86, 44 -
Dya {mm) 86.38 86.43 86.39 86.43 -
Pipe Do {mm) 86.38 86.43 86.39 B6.44 86.41
Size dxgo (mm) . 78.48 78.34 77.76 77.87 -
dyo {mm) 77.93 77.98 78.37 78.29 -
dg (mm) 78.21 78.16 78.07 78.08 78.13
t (oo } 4,09 4.13 4.16 4,18 4.14
R (ram) 41,15 41.15 41.12 41.13 41,14
R/t 10.06 9.96 9.88 9.84 9.94
2ap (mm) - 33.94 67.85 135,78 -
Crack g (mm) - 3.00 3.10 3.25 -
Size W (mm) - 1,01 0.85 0.98 -
(mm) - 0.31 0.28 0.29 -
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Table 4.2(b) Pipe size and crack size of Sch.80 pipes

Sch. Sch.80
Pipe No. c-11 c-12 c-13 C-14 c-15 c-16
Average
20 0° 45° | 90°Fé™ | 90° | 135° | 180°
Dxq (mm) 84,91 84.96 84.97 84,82 84.88 84.85 -
Dyo {mm) 84.91 84,96 84.97 84,82 84,88 84.85 -
Pipe Do (mm) 84.91 84.96 84.97 84.82 84,88 84.85 i 84.90
Size dxg (mm} 73.82 73.76 74.05 73.84 73.82 73.58 | -
dyo (mim) 73.70 73.84 73.91 73.90 73.78 | 73.48 -
dg (mm}) 73.76 73.80 73.98 73.87 73.80 73.53 73.79
t {mm} 5.58 5.58 5.50 5.48 5.54 5.66 5.56
R (mm) 39.67 39.69 39.74 39.67 39.67 39.70 39.67
R/t . 7.11 7.11 7.22 7.24 ; 7.16 7.00 7.14
2a, (om) - 33.36 66.67 66.62 : 160.29 133.28 -
Crack 2 (tam) - 2.80 2.95 3.00 | 2.60 3.35 -
Size | W (mm) | - 1.02 0.88 0.98 0.83 0.99 -
LW ) - 0.31 | ©.32 | 0.28 E 0.27 | 0.30 -
(*} FC : Fatigue crack
Table 4.2(c) Pipe size and crack size of Sch.160 pipes
Sch. Sch. 160
Pipe No. c-21 c-22 c-23 C-24
Average
28 0° 45° 90° 180°
Dx,, {mm) 85.94 85.82 85.78 85.81 -
Dyo (rom) 85.94 85.82 B5.78 85.81 -
Do (mm) 85.94 85.82 85.78 85.81 85.84
Pipe dxo (om) | 67.34 | 66.86 66.91 66.98 -
Size dyo (mm) 67.58 67,17 67.13 66.52 -
do {mm) 67.46 67.02 67.02 66.75 67.06
t {mm} 9,24 9.40 9.38 9.53 9.39
R {mm) 38.35 38.21 38.20 38.14 38.23
R/t 4,15 4,06 4,07 4,00 4,07
Zag {mm) - 33.70 67.37 134.72 -
Crack | 2% (mm) - | 3.00 2,75 3.00 -
Size W (mm) - 1.05 0.83 1.03 -
w (mm) - 0.31 0.32 i 0.28 -
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¥ Load
9
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8.,7

\_Circumferential direction

—

\ Axial direction

Fig, 4.3 Location of strain gages in 3-inch diameter pipes
' without crack
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Load-line displacement : & (mm)
Fig. 4.4 Load versus load-line displacement (C-1)
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Fig. 4.5 Load and crack extension versus load-line displacement (C-2)
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Fig. 4.6 Load and crack extension versus load-line displacement (C-3)
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Fig. 4.7 Load and crack extension versus load-line displacement (C-4)
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Fig. 4.8 Load versus load-line displacement (C-11)
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Fig. 4.9 Load and crack extension versus load-line displacement (C-12)
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Fig. 4.10 Load and crack extension versus load~line displacement (C-13)

20 .50
~ Pipe No. C-14 .
R/t=7.1 ﬁ _
20=90" a0
15 Y =
- T 3
s | . 30 4
= N
e |5
o 2
S, &
o] >
| i}
-
(8]
5 o
. 48]
O, .
0 10 20 30 40

Load-line disptacement : &p (mm)

Fig. 4.11 Load and crack extension versus load-line displacement (C-14)



JAERI-M 88-130

10 50
Pipe No. C-15
R/t=7.1
20=135° - 1
sk - . 40
- S — o E
— E
= g
2 6} . 430
0.

load

Crack extension :

0 10 20 30 40
Lcad-line displacement : Bp (mm)

Fig. 4.12 Lload and crack extensjon versus load-line displacement (C-15)
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Fig. 4.13 load and crack extension versus load-line displacement (C-16)
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Fig. 4.14 TLoad versus load-line displacement (C-21)
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Fig. 4.15 Load and crack extension versus load-line displacement (C-22)
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Fig. 4.16 Load and crack extension versus load-line displacement (Cc-23)
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Fig. 4.17 load and crack extension versus load-line displacement (C-24)
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Fig. 4.18 Effect of initial crack angle on load load-line displacement
curve of R/t=9.9 pipes
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Fig. 4.19 Effect of initial crack angle on load load-line displacement
curve of R/t=7.1 pipes
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Fig. 4.20 Effect of initial crack angle on load load-line displacement
curve of R/t=4.1 pipes
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Fig. 4.21 Pipe ovalization measurement result of 3-inch STS42 pipe
having R/t=9.9 without crack
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Photo. 4.1 External appearance of 100ton fatigue test machine
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Photo. 4.2 Test apparatus for 3-inch diameter circumferential

cracked pipe in four-point bending
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Phote. 4.3 Typical test pipe after four-point bending
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Fig. 5.1 Fracture evaluation by net-section collapse criteriom
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Fig. 5.4 Flow stresses of through-wall cracked pipes determined by
3-inch diameter STS42 carbon steel pipe tests
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Fig. 5.3 Effect of initial crack angle (28) on J-Resistance curves
of Sch40 pipes
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Fig. 5.6 Effect of initial crack angle (28) on J-Resistance curves
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Fig. 5.7 Effect of initial crack angle (28) on J-Resistance curves
of Schl60 pipes
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Fig. 5.8 Effect of R/t on J-Resistance curves of 26=45° pipes
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Fig., 5.9 Effect of R/t on J-Resistance curves of 28=90° pipes
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Fig., 5.11 Effect of pipe diameter on J-Resistance curves
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Fig. 5.12 Comparison of J-Resistance curves between EDM
and fatigue pre-cracked pipes
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Fig. 5.13 Ovalization ratio at Pmax versus initial crack angle
for 3-inch diameter STS42 carbon steel pipes
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Fig. B.la Stress-strain diagram (STS42, specimen C4-1)
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Fig. B.1b Stress—strain diagram (STS42, specimen C4-1)
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Fig. B.3c Stress-strain diagram (STS$42, specimen (8-1)
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Fig. B.4a Stress—strain diagram (STS42, specimen C8-2)
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Fig. B.4b Stress-strain diagram (57542, specimen (8-2)
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Fig. B.4c Stress-strain diagram (STS42, specimen C8-2)
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Fig. B.5a Stress-strain diagram (STS42, specimen C16-5)
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Fig. B.5b Stress-strain diagram (STS42, specimen C16-5)
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Fig. B.5¢ Stress-strain diagram (STS42, specimen C16~5)

Specimen:C16-6

Material:3-D Sch160 STS42(BM)
Test Temp.:RT

UTS:48.0 Kg/mm?

YS :32.4 Kg/mm®

Frs:28.8 Kg/mm®

EL :35.1 %

RA :74.5 %

0 0.5

Strain

()

1.0

Fig. B.ba Stress-strain diagram (STS42, specimen Cl6-6)
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Fig. B.6b Stress-strain diagram (STS42, specimen C16-6)
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Fig. B.6c Stress-strain diagram (ST342, specimen Cl16-6)
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Fig. B.7a Stress-strain diagram (STS42, specimen Cl6-7)
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Fig. B.7b Stress-strain diagram (STS42, specimen Cl6-7)
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Fig. B.7c Stress-strain diagram (STS42, specimen C16-7)
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Fig. B.8a Stress-strain diagram (STS42, specimen C16-1)
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Stresg-strain diagram (STS42, specimen Cl6-2)




(kg!mm?)

Stress

JAERI-M 828—130

80

roia

60

~ Spacimen;:C16-2
Material:3-0 Schi1s80 STS42(BM) =
= Test Temp.:RT
== UT5:45.5 Kg/mm*
= ¥S :28.9 Kg/mm®
L FrS:26.3 Kg/mm®

EL 7.2 %

=T RA:76.8 %

N

Strain (%)
Fig. B.9¢c Stress-strain diagram (STS42, specimen C16-2)
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Fig. E.1b Result of strain distribution measurement (C-1)
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Fig. G.1 J-Resistance curve of C-2 test pipe
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Fig. G.2 J-Resistance curve of C-3 test pipe
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Fig. G.4 J-Resistance curve of C-12 test pipe

— 116 —



JAERI-M 88—130

10006
O C-13 (R/t=7.1 ,28=90°FC)
800
E
=
~ 500
b0
>
=
400
m M m m
[l O .
o
200 mm'ﬂ
7
]
O | | | ]|
0 10 20 30 40 50
A&y (mm)
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Fig. G.6 J-Resistance curve of C-14 test pipe
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50

1000

800

500

{k g /mm)

J

400

200

M C-16 (R/t=7.1 ,26=180°)

i p nooi s .

o
mm@ﬂ@

f [ | 1

0 10 20 30 40

A dp (mm)
Fig. G.8 J-Resistance curve of C-16 test pipe

— 118 —

o0



JAERI-M 88—-130

1000
0 C-13 (R/t=7.1 ,26=90°FC)
800
H
£
\ 600}
bo
A
l.._.)
400F
g O @8 0
ua} o .
[T
200} m[gm
7
|
U [ 1 1 L
0 1D 20 30 40 50
A&y (mm)
Fig. G.5 J-Resistance curve of C~13 test pipe
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Fig., G.6 J-Resistance curve of C~14 test pipe
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Fig., G.9 J-Resistance curve of C-22 test pipe
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Fig. G.,1l0 J-Resistance curve of C-23 test pipe
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Fig. G.1ll1 J-Resistance curve of (-24 test pipe
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