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Constraint Loss Correction for Assessment of Brittle Fracture Initiation in Residual Stress Field Based on the Weibull Stress Criterion

by Yoichi Yamashita, Member Fumiyoshi Minami, Member

Summary

This paper studies the method for estimating the welding residual stress effect on brittle fracture of structural steel based on the
Weibull stress criterion.  Using wide plate (WP) specimens with and without welding residual stress, the brittle fracture tests have
been conducted at -75°C. The material used is a high strength steel of 780MPa class. Welding residual stress significantly
decreases the fracture force and the critical CTOD of the wide plate with welding residual stress at the onset of brittle fracture
initiation.  And it has been shown that the critical CTOD of the WP specimens can be predicted from fracture test results of the
3-point bend specimens without residual stress based on the Weibull stress criterion. The present paper proposes the assessment
method of constraint loss effects on CTOD of wide plate with residual stress based on the equivalent CTOD ratio, Ar under residual
stress field. The equivalent CTOD ratio, fr is defined as the ratio, ¢/, , where 6 and &), are CTODs of the standard

fracture toughness specimen and wide plate with welding residual stress, respectively, at the same level of the Weibull stress.

Fracture assessment results using pr are shown within the framework of failure assessment diagram (FAD).

An excessive

conservatism observed in the conventional procedure is reasonably reduced by applying the equivalent CTOD ratio, fr.
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Table 1 Chemical composition of HT780 steel used (mass %).

Table 2 Mechanical properties of HT780 steel (R.T.).

Oy i Ous iVE-20! €

(MPa): (MPa); (J) : (%)
838 : 885 : 248 !

Notes; ovyg : Yield stress (R.T.), oys : Tensile strength (R.T.),
vE —20 : Charpy absorbed energy (-20°C), &f : Elongation (Gage

length : 30mm, round bar diameter : 10mm)
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Fig. 1 Size and Geometry of specimens used.
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Table 3 Welding condition.

Arc Welding Preheat Heat input Shield gas
Voltage speed temperature|  (kJ/cm)
(V) (mm/min) (C)
27 258 125-170 15.7 Ar 80%+CO,
Sanface 1

Fig. 2 Bead on plate welding procedure of WP specimen.

(No. of “1”~4” denotes the order of welding passes)
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Fig. 3 Distributions of longitudinal welding residual stress in the

surface of WP specimen.
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Fig. 4 Comparison of ¥, -Force relationships between wide plate

with and without welding residual stress.
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Fig. 5 Critical CTODs of WP with and without residual stress and

3PB fracture toughness specimen.
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Fig. 7 Opening stress distributions of wide plate with

and without residual stress and 3-point bend specimen.

3.3 TAITNLKBAICKDBEERRESGDBFOMEERIEST
IR

UA TS (R) EREERE) S L LRV, Bk
BISHEET D WP DU A 7 VG DERHE A O8R5
B BRAT A TVIET, ower ) \ZIET D & MatEmkis i34
THME D DERRET D,

) Ym
ow = l:Wijalm dV¢ } 4)
ZZT, Vi BEEICHST AR (E T e X —
V) OIRRE, Vo MEEARRE, o IRRKEISITH D,
BRI T A 7 IS O RREHE Flowe ) i3, RGO 2 /5
TATNGAREZET D0, ks, Ve 38R E L7,

=] e
MEHEE L LTOUAL TANRTA—=F m & oyt
-75°C o 3 AT R 7 DR CTOD 725 | i B HEEE %
WM LRHFRIC L D e Lz 19, PE LIZ IR ST A —
A m=12.2, RENT XA —HL0,=2690 MPa Th->7-

(Fig. 8), Vo ¥, mAEIZRAE L2 EETH b | FHmER
ISR G x0Tz, HE R, Vo =lmm® E LT,

F(owger)=1-exp

K@D m L RG)D oy EIZERIE N O AR L OR
BUTTARIC £ B PHBHEA O Uil & 72 55 2 IS %
3PB DIRR T A TGk R, ZDOTA TS &
[ U & 722 DM WP O i & R CTOD %K 5,

0.99
HT780, -75°C
& 095t 3PB, B=25mm
c 09F
() -
3 orf B Owcer
O osf .
=t [ Maximum
g 0.3F likelihood
=] L
°
3 m=122
0.1F
S 0, = 2690 MPa
O o005
04({\'; 1 1 1 1 1|
000 1500 2000 2500 3000 3500 4000

Critical Weibull stress, o w,cr (MPa)

Fig. 8 Critical Weibull stress distribution of 3-point

bend specimen.

3.4 FHMERREEE

WP Ol &, (R total CTOD M MRS active CTOD
EHEE LT R A RS L ik U C, Fig. 91Zm7,

Fig. 9@ L0, VA TV H 7 T4 7 VAN XD FHlE,
FEROWHIRRIC N AT 5 WP Okt w8 O K T8 %
RIZENTETWD, £, MEPHDITRESRD &,
WP O E O T HIR B RIS N ORI L 67—
LTV, B> WP OB 8 o SRR EE O T DU
TH, EREIEWVHEADHE LN TS, 723, Fig. 9(@) Dt
D FBIT IEF T E R BT DEEORRIE S TRED L
NEFLTWD, KPRV THVZ WP 1%, S5 TS
TEHBZEAN LK, RIRICHH Uit U7, 1o
T, TFEDFICI Y | AKEICH AT 2 O TIRREE Ly
RBRATHoTLBEZ HND, ERE T X REARE DR K
L 720kN T 0 |5 (&I L 7= WP ORI MR H O
/IMEIZ, 1000kN T - 7=,

WP & Tf3PB D[RS CTOD O B FE /547 % Fig. 9(b), (€)1579,
Fig. 9(b) DRI, 7858 CTOD (Swples )L ~UL &R LT
e TDATNIENT FAT VA NZED WP ORS total
CTOD, BR# active CTOD O FiflliZ, FEBROfHA &2 FE L
TW5, ORI, Fig. 7307 LIRS S15570 D28 L Ag R 7
LHLHECTE S, ok oo, IWEEEISNEAT 5 WP
DS CTOD D[4 THITE T 5,

7o, Fig. 9IZBWTC, IRBIRMIC 1267 5 WP Ol
fi 2L & BRI CTOD O SAFEMHEE O TN, AR SRFEAHE DO FE
BCIEER LD R EWEBHED LMW T
Fhr LV LS, OB & L CE FEM f#T 2BV T
VREEIR RIS J1 040 2 I RIETOWERE R 2 2B IR



296 H A v 1

FHi—kkE LT\ DR & EHEREIS 1% LIROFHARE R
LI RTREIZED TND DI RIS TDIXG X %25
JELTWeWmnd b L L TS,

Wiz, WP DU A 7 VIET) & total CTOD DBHRIZDWNT
Fig. 10 \Z" 7, WHEEEIGN2H 35 WP OUA 7 ViGE))
L KR COSMEENT G &5 & B o IREREBR K L 0
FHNC ERAT 5, T, RIS DTFHEIC K SR8
WDV N ER LicizdThb, LirL, CTOD
SN RELRD L BRSO FBICEI LT UL 7L
JEFINTEE UL o T, ML SRRSO A I X
LU A TNV E CTOD ORIfRDEVH | Fig. 9(), (DT
HFERICBN TV D Z ENEfETE 5,

Fig. 10 2B\ T, BEHRRIC 2 AT 5 WP CTlt, il
IRIT D EHDBEAIZLVEE CTOD AL T, Z
DIBFED T A T )VIS T OFES #H T do 2 WA HIE T 2
BE. DA TNNT A —F & RE LT AR IR 85 R IR
CTBC)DBRIGE N & L L2, VA TS I3RS
WINESWETH o7z, 72, FBIRIZBIT 2 5K T7 T mRF
DU A TGS B RRRIZ R & 220l & 1372 b7 ilEmE R I+
DINES o Tz, TBIE, BIROBRRIE I, T4 T A87
A =B ZPRE LT BEO-T5CIC BT ARG L0 H/hEn
7= Th b,

B, L0 IKIRETHER L SHAITiE, ABFIEORER IR
“TIBCOEE LD, ﬂﬁﬁ%ﬁﬁ@%@ﬂmé<tét%z
b, T78bb, X ORIRECIX, $IEHEE P A2 T
& DHELE 72 D BUBAE I BV T A I K DR
PERAFE(K ) & iRBEF BIE I L 5 K a4 A L7- K &
D, PEEO T HAEVEE L, ORISR T 2 L E 2 5, A
BEIZ CTOD 7 7 —FI2B W T h, fEAIEAHIZ L %5 CTOD
EFRRRIS I XA CTOD AW L7z CTOD % AT, Mtk
MR BR T KT TR RIS ) OB 2 Gl T hiE L v
(CTOD Jn&Al) .

—J. E6IC, MURIR CREEEIMEE D IEE 1N S WA
B2, BRI CTOD M EH R IG 7112 X 5 5%8 CTOD LV /1
SL R DHHEICDNTERTH D, ko CTOD MEH|T
L ARIE O R CTOD DM EBEFE IR 112 K % CTOD X v/
N2 AKIRIZIBEIT 5 O B TR 5 AE 3 2 Sl 5L &
2%, ZOWAE TS, Fi THRKEE & 722 o T2 IR RIS )
AL THEE Lz, 2RO U A T VIsT) (K
BEEREY /1) 13, FIROBERIS TN EEDS S Lriciz i C
W, 2072, WHIT 2720 Tl BEENIEAT 5 gtk
RV, ZOEAICE (ERIS S Lo THZICER S D
SAPESR TR N RIS T & o TAE UM HEL T 08
GlExtisd 5 19, L, 203, g ERRRIS R
oy (T)-ovyo (ovy(T) ARIRMEERAER T 12317 2 BRG],

PR E ES

2008 4= 12 H

oyo iR FERISHDEURE) OBRIGS) Lo
EREBET DL, Thbb, BRRISON T E
oy (T) = oyo & LCEE T3l 4EME R 8 . Wit
D PR S| SR MEI HA I BIE U 7o R REE N R A T 5 L 35
A5 ZETREDBWIEFAG A FREIC /22 £ B X BV,
ZOBAITIE, FEFIT/NEV active CTOD OFAEIZL - T
HENEC D Z LT D,

—O— Experiment, WP without residual stress

—@— Experiment, WP with residual

Prediction, WP without residual stress
- = = Prediction, WP with residual

l Maximum fatigue preload level

[=)

5 .
c . —_—
0.8 -
gosr -
g .
= 06 / ./
Lol / HT780
& 1 ° -75°C
=] J
g 02 b WP
=1 [ ]
O 4o U r " .
0 1000 2000 3000 4000 5000 6000 7000

Applied force, F (kN)

(a) Fracture force

—O— Experiment, WP without residual stress, 6WP cr
—@— Experiment, WP with residual, 6wptotal,cr
Prediction, WP without residual stress, 6WP cr
- === Prediction, WP with residual, 6wptotal,cr

T} Experiment, 3PB, 6 cr

> 1 T —
2 8, pres | D e ’ o
S 08f =0.062mm by FEM— |D /,’ | 1
o .I
'_g 06 DE , /O 4
> 04 o 1
= HT780 o @
< o B8] o
S 0o -75°C 5 / / ]
§ S je ©
O 0o : '

1E-3 001 01 1

Critical CTOD (mm)

(b) Critical total CTOD, oJwptotal,cr

—O— Experiment, WP without residual stress, 6wp,cr
—&— Experiment, WP with residual stress, S'WP cr
Prediction, WP without residual stress, Swp,cr

— — = Prediction, WP with residual stress, 6'WP cr
10 —=— Experiment, 3PB, & cr

‘6: T T
[a]
D e 7
h o o)
zos| ; I
=
© 06 | )
] HT780 /
5 04| -75°C
© o
~
% 02 | /
Q (0]
& 00 — ,
1E-3 0.01 10

Critical CTOD (mm)

(c) Critical active CTOD of WP, dyp,Cr
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WP compared with experimental results.
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