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Effects of various factors on brittle fracture initiation

from a surface notch in weld fusion line

by Teiji Ito, Member Kiyoshi Tanaka, Member

Summary

The brittle fracture initiation in butt welded joints of two kinds of 80 kg/mm? class high
strength steels has been studied using wide plate specimens each of which had a surface notch
along the weld bond and was given the weld angular distortion. Effects of the residual stress
adding, the offset and the ACI (Anti-Crack-Intiating) beads on the brittle fracture initiation
characteristics in such a specimen has also been studied.

It has been found that the residual stress adding made it easy at higher temperature for the
specimen to failure under low applied stress and that the ACI beads shifted the fracture stress
transition temperature to extremely lower temperature.

The effect of a offset on the fracture stress transition temperature was extraordinary remarka-
ble, and has been clalified quantitatively by means of a newly developed K; equation. This
equation makes also it possible to express the effects of surface notch size, amount of angular
distortion and another various kinds of conditions on the brittle fracture initiation characteristics
of the welded joint.

Furthermore the effects of weld heat input and chemical composition of steel on the fracture

initiation characteristics of the weld has been cleared through experiments and the K; equation.
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Table | Chemical composition and mechanical properties of the steels used

Thickness] — Chemikal composition (%) [Vied_Tensile Flongalion[2V Crarpy
°f ress_|stress [L/D=3.55 |ener
[Code|Steel name | (rim) [CTSi Ml P [ S JculNilcr Mol V [T amativenl o |t ®)

80C|WEL-TENSOC 25 10.13/030,0.940.02110006/0.30001/07910441004| — | 79.3 | 861 | 21.6 [162 at-508]

80S{WEL-TEN80S 25 _[008/0.511.35/0010/0007 — 0.92|1.05/0521004{0.02| 840 | 89.0 | 220 |11 at-i5%
80 |WEL-TEN 80 50 [011]0.260840016/0007027[09 0.540A3]0.05 — | 790 | 836 | 240 {195 at-15%

Table 2 Chemical composition & mechanical properties of the all weld metal used

Electrode Chemical composition (%) l?pgél; FL[‘,’“Q?,H n Z\é;g\arpy

name | c [siJMn[ P S JcuNi [cr [Mo [(hd| (%) |(erd
®@L-80 (005(0.41]1.35 0.019(0.010{0.07(2.62/0.25/0.42 86.3 37.2 50 at 0°C

e 01008 [0.34 [1.40 [oo13]oc0s | 0.12] 212 050|055 | 87.1 | 21.0 |100 8t e

Table 3 Welding  condition

Groove Electrode |Welding |Welding |Welding | Travel Plre{heats& Heat Input
& Pass |name and | position [ current |voltage | speed temoeratarel ( Joule
Layers diameter (A) (V) |(mmin) e"(‘ec) 1( &€m )

60°
w (®L-80 .
3-M—2| 1-5 Vertical |180-190| 27 42 75-125 169,500~ 73400
S5mme
(Manuyal
alrc
G)L-80
Vertical [140~150| 24 42 75-125  [33.600~36,000
4 mme
(Manuat
arc)
1 ©L-80 Vertical | 180~190 | 26 100 75-125 30,800
Smm® (Manwal arc)
2-4 OL-80 |y ryical 180-~190 | 27 42 75-125 69,500 -73400
B1-9 650-670132-36 | 30.0 75-125 4150048400
B 0 ©VY-80M [Horizontal 500-48/4
S|P 8@ 870-890135-39 | 300 | 75-125 |61000~69500
X (Submarg-
F -
L IF2-7| YF290 ledarc) |6s0-670]32-36 | 300 | 75-125 l41500-48400
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BEELDCATHFRABELT O, ¥ ACI ©— FREWIHBEOERTIL, Table 3 D&M & bb
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ThbHo Fig. 3 TRAREVENLTELIRT52, Fig 4 off 80C, 70kj/cm DB&wiL, YIREX, Wk
ZBE, AEHEILE VBRI, ORI BTl OTH %, Fig. 3 & Fig 4 2 HarhiTsR 80C
R L TOBREABBOXENLNDIDTH LN, YIREX2CHELEZDT, B HBII TE/ vy Ll
BziE Fig. 3 © e=5mm & Fig. 4 OZAU &M (@H) Lx8~2 L, HHEOMIIY 90 deg C B
DENDY, ABEOHBOKEVENbL,I 5, 7 Fig. 4 & Fig. 5 # #3580 80C 14§ 80S o
T 5o RILD e=5 2C=200, {,=5mm BEOHE (@LA) ¥HET5 L, HEOMKIIH 70 deg C
DENDHY, # 80S OPHEMBOSLNMERCHHZ Lilbde 2DL5, RUKABBELETEL, 0
BER Y VROMEDCBEIIRE  BIeDTRD, COBREREL LTEOEMDILERFCESOTED L O
THHP, Fig. 6 i3 80 (50 mm &) yEalps

() Test weld (BP.) (9 Test weld (F.P) (® Surface notch

Fig. 1 Welded and surface notched wide
tention test specimen (@), @ and
(® mean sequence of making the
specimen)

Notch (0.25mmR)

/
. L e
D E—

7777

Fig. 2 Profile of a test weld with a sur-
face notch (a was 45° in almost
all of the specimens)
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45 kjfem B v FEIOWTORBERY R LI, =D mmwwmwﬁ (wgw1gw
- X -
2B=420mm | 80140-45|220-260
2B=420mm, 2C=160mm , =55 -6.2mm 21 B140-92| 150~
— Numbers above data are o] 200140441 15-
«E angular distortion e (mm) 100 > 200 80 |230-250
100k <10 * Iransversely pre-st, d
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x
= ey
80k T80

133
(=)

» 2stage fracture

Fracture stress (Gross stress)

-]

1 1 1 1

! i 1
-160 -120 ~-80 -40 0 40

-200 80 -120 -80  -40 0 40 80 120
Testing temperature (°C) Testing temperature (°C)
Fig. 3 Relation between fracture stress (gross Fig. 4 Relation between fracture stress (gross

stress) and temperature in surface
notch test on steel 80 C weld bond with
heat input of 35 kj/em

stress) and temperature in surface
notch test on steel 80 C weld bond with
heat input of 70 kj/cm
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{mad| (wn) | (mm) 2c t e 2B | small x
4 200 5.0~5.20 1.0-5.0] 2B=420 (na) | Cam) (as) _|(mm}| means two
:g P 1200 ‘ 5.0~ 6.0: 2.5~ 5.0| Notch was “ZB& x}'izgéxt angle : Zgg b g—fl 1.5~ §'° gOO stage frac-
to surface,2B= 200 9,0-11.5{17.5-13.
£ 4 200 u.a»s.o]za.o—zs.o 8450 o o] 200 [10.0 |33 0°35.2 6% ture
= 1: zgo | 3’2" 5.5/24.0~27.0 %g= 1,2:2;8 g x| 2404 ¢ 0 400
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—~ g0} 801 ~— -
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= VA o 4ok
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s I3 A - 4
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5 7 8
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= 0 I | 1 ] 1 l L Y 4 : v
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Testing temperature (°C})

Fig. 6 Relation between fracture stress (gross
stress) and temperature in surface
notch test and deep notch test on steel
80 weld bond with heat input of 45 kj/
cm (submarged arc welded)

Testing temprature (°C)

Fig. 5 Relation between fracture stress (gross
stress) and temperature in surface
notch test on steel 80 S weld bond with
heat input of 70 kj/cm
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Do TOMWHEE, VIKEWMIE, FLIHPVERiLLIENLVDOT, MPCERYIROF I X HWEHEIR DXL
TERRTLEZLREN, Fig. 513, z0EMIFERNC EERLTV 5, H¥ENCH T, —OmEDOEL

BYBELIETHDY, WEHAEAD WEE X5 EH v BEwri,

x [ & . d LRROKCLHDOTHA S, %7, 2C=200mm, ¢,=4.8~5.5
- | mm, e=22.0~27.0mm DO&HTIE, RBRHIE 2B % 420mm 0
E EEHE; gi,%i.zg 105 26 z:§ifz;; HBE e 1,000mm OBEOWHEOWTHER LT %, Fig. 5 T,
Z T2 %0 |usns.0 | 2200mms |50 AHDL DI 2B=420mm THY, AFMCKHLEL-S DR
’gw o /_/v e 2B=1,000mm THb, ZOMEDELIZLALRVEEZTH
g col- /K‘?f /' vﬂ%jo BN, RIERE & LT, 2B=420mm THHEFTH
5 / N BZ Lalbh b,
9 ol 4 "";/ P 4.2 BEDEHEC (KLEL) OFE
% /2 A '/ offeet Fig. 7 i, @ 80S o 70kj/cm #FwowT, BEVHD D
5 2o G BEOEBRERELIR LI, BKEDT — 2%, ek i T v &
g . 1 1 T, BREVWEDYRBH5HBETH D, COHATH, BELA 9mm

NI B W00 W Fiebb 0.4¢ (AR BEKKSE, BS 5mmxES 200
Jesting temperature  (°C) mm DYRADHEE (AH) L0 EGEDCENT 5. YX2H
Fig. 7 Effect of offse(ti d on fracture BB B DB 8T ek ¥\, 2C=200mm, £,=5mm o
stress in wide tention test
LEL O '3 > N 3 Ay - R
and surface notch test for steel B, $5Smm (0.28) X0t 10mm (0.41) o Higgvic kb
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T 25 deg ¢ félﬁ%&i&ﬁﬁﬂ:ﬁ?z,o steos Heat | Vay of residual
4.3 BEEBREHOEE O em| (o) |cam (hy |00 nidine
BBG DB de S T BRI N OB BIc oL v §§c E,g? % {fi«{:g:;.g 2?5;5 ros vis
THBLIFRY Fig 8 RLie AEOOME. # ({88 |2 eaegtl S,
CYIRE O, AERET o AR OMFIco 'E]Oo_ P08 Tanmadeatter toat vera :fris:?:
WTOERKERT, ChiclERgEcI2BB6H 25 2 o E%%y
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WhHEEZBLRI Y, Fig. 8 Effect of residual stress adding (@),

® & (©) and high temperature

BETi, RBEHHNe L sRBO0LEEL T2 prestraining ((©) on fracture stress
M, EBEIY, £ETHUIRE, RATRLRLABEED in wide tention test or surface
BB L BRBCNENERTIHALIELLORL ). A notch test for 80 kg/mm? class steel
238 80S W AT &k X IeH)RM B BBE O WG weld
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AR D, HEHEBREOXADOB AKX 45deg C BEOEBIEIHBR LR ¥ R0 Th o0 0, iR
5, ZDOHM 80S koW, BEFEODHREC LOT, 20deg C BEPEIENMEN LA LD L0t b, 4
ROBINL - O, BETFEOEEBIMMIC I OTRELLDT, — RO COEXFRATA20ORME DA

5o

4.4 ACl E— FOBHE

L5F TOERBRERNOLLE LR, BER Y FRCXERLYIRE, AERES IUBRZEHXEE T,
WA BER L2 B D, 0°C BLETCEIESIEE Lt Eix S

2 T amRl  FRRV, AT, BALIER Y ERACBT S5 —20H
5100- ~ F L LT, ACI v— F® (Anti Crack Initiating bead) DzZHH
T ok (34»\\/n~‘_1ﬂml R LI, Fig 913, RAVRDOH 5% E1LwH%:, ACI v
@ v o R e — FRIDPTEPIBEDERER LT THOT, ACl v~ Fic
8 ol OF N
§ Wgh 7 1T, {EEHHEEO LREEGKH 90deg C 22, ERMCH
W Y o —
Eul g 9 &p—wm 2y A4 5z bbb, ACL ¥~ K& LTI, AN DR,
¢ .l o 8 O AERNENOLL % #Hx, 0.4t BEOEOY — FTHE> & Lot
g == ¥ LWRTH D2, FECIRTIC, a7 ACI Y — F (¢
= 70m/cm 11 10 W/ 5 =
T A L 3 ACL, SERZEFHROFHEE T L2 b D) ThHIHE
Testing temperature (°C) WD Do
Fig. ¢ Effect of Anti Crack Initiat- 45 pEBERER
ing bead on fracture stress Fig. 10 w 4O KRB OB HEEEREY R LT, $H80C »

(gross stress) in surface 70kjjem DBEWCIL, AT EE BT ANRROWHE
notch test for 80kg/mm? _ . o 1

class steel (same kind with R LI AE2D, WFROMHMFHL, 0°C LLETES
steel 80C but different ERMEREIA S Ie2TT 2k, 0 80C o 35kj/em OHE

charge) OEHEBBERENELEZ & E b b b, ZORE, A
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- sace o bibo ¥, FRETE, 2BBEOBE, B

0 «80C(25| 70 Through thick-
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BRRBLICHEREIEH £ LT3,

OF =480 35| 70

Fracture appearance (Crystallinity)

k—-—x[80 {501 45 |Submarge )
0 1 1 L 1 1 1 1\§_J 5 % g
-200 -160 120 -80  -40 0 40 80 120
Testing  temperature (°c) 5.1 WENPCLDIETFORS
Fig. 10 Relation between fracture appearance 5.1.1 EEHx, AEEID HEBED K g

and temperature in surface notch test ﬁ@lﬁ BESR9 12 35\~ T ﬁ%ﬁ&%ﬁﬁkrﬁﬁé
for four kinds of 80 k 3 class steel '
welds o EmmTCRss steel et Ky O RE LT, o
BLTOMmC i~ 2 v 0% E2EH T Kp
K%ﬁ%ﬁk%§UtK}ﬁKIOf.%&%%@&ﬁ%ﬁ&oto

K1=KP+KB (1)
Kp=1(C/B)-+ 0 V7T (2)

_ S(C/B) t e -~
Kp=6 YB—W)-——}L*t—kea«/C (3)

5L
1€18) = 2 (10 Z5 +0.15in 2C) (4
K6ty =y 2 van T (5
Yb=1.%%—z47<5L)+1297({L>{—2317<{L){+2¢so<{i)‘ (6)
C: PIRRED 1/2 B: HEAH- G
hr PIRBES t: iR E

o Eh (e xEH) e: AAHE
ke 1 AERCK T 5K ERK
::@,%ﬁ%ﬁktfﬂ%ﬂ”ml%%@%ﬂmbma%Em,%ﬁ%@ﬁ%@ﬁi%k%tbf,Amk
type, Dish type, Flare type %5 X 0f Zigzag type 7c 2% & b i, ABRK 550X THRERE L o8B
End condition 5%, EMRMTH D88 LAETH BHE & OMHIC OV TIHRIEE b &R\ 5o Fig. 1 15
T%&%ﬁﬁaﬁﬁmﬁbfm,A%htwe@k%ﬁmf%l5oitﬁ%ﬁmﬁﬁKiD&DOHBhtw
T, End condition #RIEEL#E 2 2 &

1 tanh m/2
=T Tme 7

2L
nw:V&(L—ﬂ)i%Lwé— (8)

oOm: VST (0)  E: vy

Vi BTV VH L MABEHD H 5 8
:D%K%ﬁ%&kéﬁkThd.ﬁ%ﬁ0§%%#Pﬁ$%§§ﬂﬁké%66%,%0%%%%L,%%t
Kp fEx 828N TEL5,
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ANNERVRTH 55, BREBEMRILDOTERD, BREEL, KEYC XD, KDL 315,
___sinh Am{cosh(1—A) m — A}
Ky= A(1—2)m coshm (9)

'L
A BREE T 5 5 o kR
2T, BEY, AERLEREVRNERET MO K HOEMKEKRD X 5 it b,

Ki=1O1B) - i +6 va LR 4 o e (10)
wo=ek¢+dkd (11)
BL
d: Bvog

ke @ BiEBEWICH T ARG

ke kg L35 2 —2—m LOBREY Fig. 11 R L1z,
51.3 BEMFAVIFEDO Kic i BIECHSL
LeERERY, (10), ADRC L oTBEL, B
% Fig. 12~Fig. 14 &R L7, Fig. 12 133 80C
35kjfem & 70kj/cm DYPFH v VI oWTORER
ThbHo ZHUXRBROERYEAR» 025, K¢

DR &, HHEEOYE & OMICILIIT EHRBHEM ' Y

at the test weld

L 3
— - - . N test weld
BB FIRICIE VB I U 4O S R T by gt/é;%
KOWTD, REEBTXMEERBRER LT L, 8 / Arcle t
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BEALEDT —RIEBMYIRDT — % L 5H UI-E & < 02
2T B, HCBFAOEL L, SBRTL B, £
[T
ZiuX, Deep Notch BBEERTHD, ABRAOFHY %
A PR EEIRE M Lt OTH B, = ORBH m= [30-vIE 4
DF - XD FT—~x L@ Kie i B+ 25— Fig. 11 Relation between form factor % and
- parameter m in case of zigzag type
Heat 1 50 | ¢ ° s . 3
;] ' )
< e I RN and angle type distortion (by Yada®)
< 70 ] w| 3.7 [13.545.0
¢ " 80 [4,0~4,5|22.0~26.0
¢ w | goj 19.0-24.0{ *
- P mRe
"E MM E RN ~ ()| (am) (o) | Cam)
~ » " go z g € A 1200 15.0~5.2] 1,0~ 5.0 0
I v w [120] ¢ ° E # 1200 [5.0~6.0] 2.5-5.0 0 .
LE. - n [180! ¢ 0 £ 4 200 | 4.8~ 5.0{22.0~25.0 0
5 s 000 FiE e s |
X 15001 9| 35 |160(5.5-6.2| 5.0-16.3 : 5o 16375 2
2| % [igprelroes 2 2000} VIR (5 30%0l paofrase
o 1000+ * Transversely pre~stressed to 42kg/mm> o L A | 600 5.0~ 5.2|25,0~26,0 4] .
X 800F % ** Both eide notches N ° Fotoh was at a right angle to
[ NG 1000 4 s ;11:9 surface
- o - iece bre
5 ok Y\ - 5o Nba T S i oy e
8 400 - 33, - N 8 600F 5}\4'4
. Id 2t e [} 500~ \R'
Z? 300 it \\\\\ g 400} IXNNY
@ ook e ~< § 300- NI -
.E F * ¢ ° \\\ E g x‘
W\ * o 2001
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- 80 L) -
" ek - 2 100- SN
3 0F 1 L 1 1 1 “ Il . g 80 .t 4 L 4 L
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Fig. 12 Relation between critical stress in- Fig. 13 Relation between critical stress in-
tensity factor K;c and reciprocal of tensity factor K;c and reciprocal of
absolute temperature for steel 80C absolute temperature for steel 80S
weld with heat input 70 and 35 kj/cm weld with heat input 70kj/cm in
in manual arc welding manual arc welding
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gzo‘” e o NoEZ Lo EERBIENERBAEA LT
2 ol : = 9i3€31'51>31§é§§2; BES LT, YIRERCERBRBICH L LTEHTw3
:; :gg: \’\ x . (Bgiﬁpslt:::hm::z:?s THAHdo %%&%&?vﬁon\’cﬂbﬂk?ﬁtﬁ%ﬂf’? 35 &S
Z s "\c,\" ) 2, ABRABEFRCERE N THROF2EE Lo 2
£ 00f N, TIRL T Bo & OMEENE Fig 14 K b b bR 5,
£ o N Fig. 12 T 80 C OBADAMED B BL RS &,
2 3 3 56 7 8 N °
Reciprocal of absolute temperature 1/Tk (°K-) Fig- 13 134 80S 70kj/em #F+ > FficonTo
Fig. 14 Relation between critical stress MRTHH, ZORTH Kic ONH L HEXS IR B D3
intensity factor K;¢ and reciprocal B ORI ERBERAS 5 L EL bR D, DX
of absolute temperature for steel I HECOH B HEBREER L T LT3, (10), (11)

i o with heat Input SSkjfem  pogmeny, BOXRERL AKLE Ko i
in submarged arc welding T ki,

1.4 BERVWEREVMROBE  JECIH\TRLE Fig 5 DHRTHEHR TR Lzd o1, Fig 13 o
Kic ff&, 2C=600mm, #,=5mm, e=25mm &\5 &HD i &g, (10), ADREE>THER L EEL
t%®f%5ﬁ,%ﬁ%%fd:Oﬁ%ﬁiD%ED@ﬁEﬁE%LTM%O%Kﬁhiﬁﬁk@%ﬁmu,ﬁ
REOEEYIR LA DENIL LD TEIATHS S, FCRCEEYIRCH LTD K fEOR 1T K O i
%o

Kr=f(t,}t) 0 /7h; +6 Y ﬁ;ia JE (12)

BL 0 XADRIR LI D
COADRAT 2C=600 DEREVIXRAREELHET 5 &, Fig. 13 0 AHOMY it ho HREM 25mm o3
T, REYIRKEH 600mm BEL LB, ()REBHRA LA NRERTH B Lolbn b,

5.2 »EfR K fElzo0nT ,

KEWEH D K iR EDBETH 55, LUz jud, MM OMFM L DRED Krc ERERI B,
RIET DTIIRIIER B BOT B0 = 2 TIE, ENBEBCBRREOBRBYC BN EI DD B8 K05
BOREELI. KE, &R, RECSDOHECLH5M, BEEHBBEEL D REHTFHEY L h
¥, TOBBREL DK 60deg C ERFTIL, A7n kb FHEL FAUISHE TR, BT L3kl
KERRIL Y, BRECHBHETHE Uit \WEA, BETHOF5H ECFHETHD L ZX 1D BTH B,

Table 4 TliY, BECEEI NI Table 4 K  value required to a HT-80 weld bond
iﬁ%ﬁ: rﬁ‘ffﬁ& L,t;:b'[*at‘;é 5 & Structure | Notch | Notch | Angular Offset | Length with| Stress KIC
N length| depth | distortion deformation

Ex DN BYIREUEEZBEL, EH (::) t}/{ et 2 i (%86n2) (Egr—n@)
R, E%%ﬁ:&"@%x_‘bhﬂéﬁﬂ‘ Fressurel 20 | 0.2 | 0.6 0.1 1 42.0 | 199
W Bk, K EEEEL yosaed

. i o | 0.2 0.1 0.2 40 35.0 | 204
7o WEIICTKERBHtINS :

BECIL, BBIENCI 2T, Kk 60deg C R WEBICHBEBRENR LR 20 EXELZT, KERBROBE
Lb 60deg C ENREETEZ D Ko BhiuE, BRI TS Ll EEZbRIS,

6 #& B

3B 80kg/mm? {LEE N OWT, REYIK & BEAETA A Lo KERBRE T, (B s
RC52DHERTFOHELRAE L, ERERCHRBE YL HA, BE Lico ZTORBERDZ & BT rs
MO (N

(1) 80kg/mm? {REEIMESEA v FEOWHRE T 5 X D BEEABBORE I b k&, Fluid
# 80C DBE, AZEN 70kj/cm DS L, 35kj/em DFE L TRHED Kre EFCH 90deg C D
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Botc, EER T BT HABGIROEEL &L lb»Dr,

(2) BEFRYVROBEERAHEL MM OoOTAEL R, FRLMCISUREERS L ETH
Do Bz, MUBESEETESREBER, M 80C OBEEAY Vi Kic Hig Lk, #80S BER Y P K¢
B L ORI 70deg C OERH DI,

(3) ZEURILOBHECHWTL, BBCHAMOBEIKREL, HERECTHFC X 2BEEHAM
CEh, WEICHEBERY 40~50deg C LR TS, C0PBCECEBRTFEODEAMbIUE, ERfhE L
BB, XokEi3,

(4) AFTAHEHOBELRETC ACI ¢~ T ¥ B Z LI KETHRYFDL, REVYRNRZOE—-FOTF
CHEOTWTY, ECHEEBEED LIRBEY, § 90deg C K3,

(5) HRBEEEXERLL: K oR(10)C XiuE, ZEPIROAE X, AFHKE BRVOE ABAEX
LHBME BRI L b —RT7 Kic #5b 185, 2O Kic DN L, HR/HEEOME & OB EHBEGR

NHBo
(6) HBEVERYREH LT, REFANDEEERDOLYE 2w K OR(1D %2 FHETE %,

| &

ARRETIDCHEY, BRLIHE, THRYBOLEFRRFARBECE BHELE T, T F5MRiY
ERHTHCLOT, THEL B WIEEWHBEARES EHEAELCH L, B SLBLETET,
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