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Weld Cracking Behavior under Restraint
(Part 2)
by Masaki Watanabe, Member Kunihiko Satoh, Member-
Shigetomo Matsui, Member-

Summary

Generally speaking, intensity of restraint in a weld joint increases according to the decrease of
temperature. In many cases, however, the intensity of restraint is defined by the final value of it.

In the present paper, considering the change of restraint during welding, relations between sh-
rinkage speed and cracking during and after welding were investigated.

In the previous report, experiments were conducted under the condition such that the speed of’
shrinkage is kept almost constant and it was reported that cracking is occurred in narrow range:
of temperature for both weldments of a mild steel and a high strength steel. However. in this
report, the effects of shrinkage speed were investigated for both weldments of a mild steel and a.
high strength steel of 60 kg/mm? strength level.

The results obtained are as follows ;

(1) Shrinkage speed and magnitude of reaction stress were widely changed by changing the
gauge length of restraint, and weld cracking was occurred in wider range of temperature.

(2) In mild steel weldments, weld crack is occurred only during cooling and crack intiation is
not observed after cooled to room temperature.

(3) However, in high strength steel weldments, crack initiation is observed during cooling and
also after cooled to room temperature.

(4) Especially the cracking after cooled to room temperature occures at a lower reaction stress:
range and the incubation period for these crack initiations (abont 20 hours after welded) was mea--
sured.

The incubation time is insensitive to the applied reaction strass. Such cracking would be “Delayed

failure” by hydrogen embrittlement.

¥

Il

ZEELIBEER, BB HPHENERCE > ThbREETIERICH LTIKFORKOBEN —DODE
BERBRTHDL DR D, RIFLHRSIRRREEY AVWHEEGHLERFOURBEEC I 51— Eh
DFEERCRIET IR OB B O THRER TR - T %,

—RCHERBC B 5 EERF OENREOR L EhBEEOFELXET 2ER (1) BEROBHF
CRTHEMERE (2) MFONNHREELTH S, D5 LAHREHCOWTIL, /K, BEEH

Rz f PE384¢6 A 20H
* ORRKKFETHE

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BEMFOENRBE L RIETHRHE OB 149

WHEB LG E LT, BEFPELCERITAHLBEORBIZOWTHERAIN B S50, L Lk
FOBHPCRET 2ENERHR LT HHARIIELEEINBRONHIRBLTCOWTER LD TR T4
ThbBo £ TAHRCENTEEDIX, BHFOEHNCHFELRISTANMESLEL LT, (a)dlhrnREL
e LTHRELEABRKBRIENOAE I L, (b)GHPC KT HHRIEHOMMOEE LD 2OBERNE
BCHHEEZI . TOXI RN GEELIMHEYELEHRINCEADLERTFELEEL, ¥THF0l
HIEL R T A BORESH» LOEE (/12— 0 | 2 RB I MREREL 205, —2—5E (24
mm) & UTHREZML AR ZErE Y, kBogH (b) 2—EL LT (2) 2BLIBART
DWTERETR > To TOFHRIIFTHRITHE LB TH- T, BHPOENIELITFOEE ¥ CHH
RH IR FORBER L v B2 &, ZOMOMBERERER LI, £2Cohics| & o0 X HFRE
BErBEIwsz il o>T, Elogk# (a), (b) & bASBCELI BB E0ERREZRET OV
TEREZTIRo 1% ARLIIWOOBRYMO L0 L L1, FMBOBRLTHRELSh T 3 Xi1g3
SHTHRDOEEC OV TER LTI e b DTH Do

2 REAE®EURBRA % ., i

Fig. 1 (2) iR T X5 hliRsReclfIhi- 24T
FREL, FRTBENCHR|ERBREBL2A T (b) ©RT

@ Butt weld under restraining

LB EREPOLE T HEROER | 2B HAPEC—Efo rmm€$?= Fixed
L5 FEBRETIRolco TOBEHRIERE! OXE X X - TH chuck — \/ = ghuck
FoHBENEL (¢) O A, B, C, oX 3L, chic

— Gauge length of restraining- >
£

JEU TS @ PR JnT g A B O o X 3 iEmT %
THH5,

ABRA B LOBBELGIMBEBRCTHROE R L AHTH
%o Tichb, BiEREF UMK M (KE 20mm) & 4§ 54
FRIEERE B-17(4mm ), F9K 60 FuZBENE H (RE 20
mm) & KK FREEE LB-62(dmm ¢p) DA bR TERE T

() Methad of restraining test

Load (W)

£ increase

oo (ZHHOMBE BRAMEL IR CRE LT & & T TSI ettt
% %Uﬁ? 50) g ‘A Free contraclion curve
R LY Bk, BEEE 30mm CLXOBMBCE TS U~ d(m

RIED LT3, (Fig 2) 4EIOEBTIIHRER ! % 5K 500
mm BE ¥ T 5BBRE, FHFROE X% 520mm & Uiz,

Fig. 1 Schematic diagram of restrain-
ing tests (Series B)

CGrauge length f"[}zsframing
Dial gavge J
pSlide
() u
<%
-
i | 1. {ﬂ‘/ . ] —
- = o} T /L s F 35
l L, Heat insulator (Ashestos) . Roller (Swnd) Tack welding
1
! brig
s
S pecimen r—:rm Mtab g
" = b
‘ \ = 3y
‘\Jp == 3 12 ﬁﬂﬁ

E;
on
¢
$
i

Fig. 2 Specimen and setup for contraction measurements design
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Fig. 4 Free contraction and temperature change during cooling
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Fig. 9. (a) Reaction stress at cracking in restraining test, steel M weldments.
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Fig. 9 (b) Elongation of weld at cracking in restraining test
(Series B) steel M weldments

1} 5
nis2 a ST
Pce BT o SN M
o R e e
B x - 17 [y
$ 728 "N . m&&\ , | K {,
X 30 N S a H1751 #g%qxx ]
~ \A A A ®" NN F
4 N, QN MNNS Héacn(‘\\n.\\\
- N NN g
60 45 Completely fractured by R.T. <sarsesA)_._",ﬁ°,'of‘(~};\ =
123 I . H&ho1 &2
Q5 First crackin by RT. ¢ Seri + 5002 O~
§ } X3 ComPIete'/ fra,c‘tured} y T (SeriesB)
=40 0>} '
3 7 No _cra,cking
3 ]
o WZZ2) ; Fracture stress range m tension
20} o tes ‘
i ‘ 157535 Fracture stress range in restraining
: tests (Series A, SeriesB)
0 L‘f 4 . I ! L1
0 10 50__100 500 looo 50e 0600 S1a00 - {00000 € Sec.y
} 2 3 5 10 20 30 60 (min,> y
o Time, after finish of weld 1 2 3 5 10 20 (hr)
T %00 400 300 2000 /50 100 50 30 20

Temperature of weld metal , *C

Fig. 10. (a) Reaction stress at cracking in restraining test, steel H weldments
I; ¥ fEgE (mm)

R AR TR Lo, T c#e Lh AT omEZIERR (RE5DH 2R % ©H B X8 1o 43]
RME L X THENT 5 HE) 1 X - TR LREEROTEREIEH & FHROTH B, ZhiHRs EAR
&5 FEHIHIE T3 L OPHHO L T % L BHBRC RS TER AL DRDOWTRD & 5 iR B E
hb,

ETENREE D2 RS RRBRC S WIS L B LcAa s L (Fig. 9 (a), Fig. 10 (a)) gy
BETEHI ZBACITELSE—RT 50, ShBEFOBENMET TR ORTHEEOHENAXIARY,
#BL%Z 150~200°C M CERRBEISHIRESL %, SOREBEMETT 2 LEEL S UERT A EAC
H%Bo I HMTIRENFEILNOETANDUS L, & DEMITEEBO MO ONWTH S L —BHE
ThoT, EhFBEEROTFHHBOTEHEIERRE X 2 FHH0DR L+ 0% BEECETT 5 (Fig.9(b),
Fig.10 (b))o #HFIERAR L BHGIRRR L2, HhRERECHET 5 UNOBETENZNL DA TS
DI DRIBRE DG TH B0 S, EhBEGHEHBOLERELA S BRO X 5 k43T 2 tE
BFELRTRETORSBRELE LR bt BRFEMNMOBBRBEECOWTItk L L EHR, A8

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

156 EMBESRXE Fl4 5
T
x 3 Comp letel fractured
3 No cra:, ing
£ o5 | ——
- Elongatlion of weld by Tenswn Tests
2 > e
< 04 ,‘/{) ,/ - 7
$ A\ ' . o
4« @3 SO ¢ 4 V “Elongation of weld- by rest raining tests (SeriesB)
_ W52 ST,
5 02 N w:\u\w‘l\ S - \‘\E%’fix\_\_‘\\ﬂ\)‘}}\&\dh% -
< X H ~ == .
3 i SN NN T B
ﬁ ol HiS02 “H400 o>
H45ol
0 & . ‘
o"r 10 50___ 100 500 1000 5000 10000 50000 100000 ( SeC.>
\ 2 3 5 w0 2 3 60(mn> ) )
Thne ifter finish of wtld ) 'l' 2 3 5 10 20 (hr)
500 400 300 200 1% 100 50 30 20

Temperature of weld wetal. , °C
Fig. 10. (b) Elongation of weld at cracking in restraining test (Series B) Steel H weldments.
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Table 1 Brittle Fracture Percentage of Delayed Cracked Sarfaces.
Re Qe N\
‘|Specimen o Ky S | K3
H 2507 {6 $2.8 938
H 3001 19 79.5 | 983
H4001 14 72.2 34.2
H450l 43 é5.@ 1250

Ke ; Brittle Fracture Percentage of Delayed

Cracked Surfdce

Qs Reaclion load (w) / Total Area of Cracked
Surface (A)

0's=07.v/(1--kl-

/00

ER% 48% ThH->C, MR OFHIEFR6 5kg/mm? THBH 5, V¥ NCHEE OMF N2 EMRT 221 2%
RIFoLBRET B E, ZOBOTEIEINL 66+ (1—0.48) =125kg/mm? Lirh,  DEIXHERTORES]
EARC X 5 FOTRIE S (112kg/mm?) X D 2LE WA, BIAHEVETH Bo ZDMOREBA T OWTD-
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6 SEMEEBEEN LOREN
PLEDOERRERICE ST, SR & BEEh & OBEM I DLW TE L TR,

EZZZ2 : Fractore stress range in Tension Test
AN : Cracking stress rangein festraining ‘fests(s
X S
X ;3 Cracked

e

______________ -

: } Mo cracking
Z

71
[} Time $or coolin,
) T room bmperiture

Time after start of weld -

ez B
e

@) Mild-steel weldwments

.o Redction stress, O

Contraction s

eriesA
eries .

- &
\%ﬁ&&\ﬁ§h§§§

o’ Delayed $racture
\Stress Nnge:\

Time dor cooling 5| Incubation tiue——’
B voom tesperature | For deleyed fracture

Contraction, sy o

)

ter start of weld
4w X :

-»Y } §éi'iesA
:‘—»K

High stremgth steel v{ekdiﬁcn‘ks

Fig. 12 Schematic diagram of weld cracking under restraint.

Fig. 12 BMEBRBREEC L THWEBRARTH - €, BECHEHTORE (b5 WBEERORE 2E Y,
REEMC BT O FIRIG ) & PR EEERI 0 B BIAE R & > T\ %o B PQRST 3 Xt P'QR'S 11 % h#s
TR IRARTHE LN CHhRBER B X OEHG RRAR ALK L BEROEMIEHThH 5, (Fig. 9 (a)
J X0t Fig. 10(a)) HERfEMR A B C.D G UT#HREIE AL B, C\ D 05 ciimt s, »EHIT
IE7IhAR & fiAR PQRST L O HCEHWRRBET 0L E2 5L, BREIBEOEINAZ VB, Tz
FHIRR A 0L O BNER TER R AT 5, HBEOE AN BAIE, i TlR C o
SRERCHETHECEHRERE L LOLBSABEEYSCTHHO X 3 nibciz, BRCFrD0x %
BB % LR ST L5 THWIT %, T X 3 R TCiREhniIsZ s icdicid, iR D o X 5

FIEDDOBEMMERT RO L DML 7 Tikle by,

R TR~ Series A DEBRCRMFER Y —E(=24mm) LT, #MELMLHEPLEHLIE TS,
D¢, FHRIETERO SRR T IR X, Y, 2/ DX 5t 5o SOBECIL 23 Bl HEOE X
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DHRECOTEHIIHBENERCRET BDTH 5,
Wi R PQRST EoEh% o BEROVEHEEIE 0w, BEROREY 0, L 35L, HESAhLR
A2 LI\ P DICIRR D D D AT LisiH i ie B 78\,

Mﬁ:%ﬂt%=ﬁ%&%@<ﬁm)} k)
4

gy at 0,=R..T. <a*(R)
HHt : 0, at 0,=150~200C<0*(Q) }
0w at Bp=R.T.  <a*(T) (5)

TO HQFLO FR) REEFEMHT Lo TIRET B THSH 52, ThODOER—EDOHE dp RAXT
BEHEELTHRL S, 0,=150~200C T ¥1}5 dp DAE IXFEEROREN 150~200C hRTLET
WREEDDIMRC KON BB ON IR ENE V. ZOZENBTHER(4), BIVOK (5) OFE—RD
FHLMESEH1DIIL, BESOGHOEICN LTREENLOBBELADOEIRPII LTS L8
%ibmo~ﬁ%§%#ﬁ—%@%%%é%ﬂ%@E$Mﬁﬁ—ﬁf%6ﬁ,amMﬁokﬁﬁﬁﬁH%ﬁow
VREENZLONRD X5 EHFTIX, FRRET S 0p OEMNPEILIRS, BETITHREROPIV#FR
EERIZIBTD 0 1ZPNELTnb0 YU EOEEZL 5T, NHIR L BEElh L OB EN »E X 284, #Fo
FIRBR L BERE LORLEOEHOEI L HEEL DVHEOD B Livbi b,

1 # ]

BFHEER R CREEEENERCHR LT b R4ET 5 Ehc s LIS TR OBEY B ST 51,
T EE LT PRESERFLHEEL, RELAHRE I ERBREEY AV TS 2 X He st
Too BONMEROBEAIIRDOBY TH o

(1) BEHhOREBIETIHFERBE LTROZODERNE L bh b, Thbb(a)dhnis Lir
WELTHRZLESLTHA S BAWHRIEHE— RIS FOHEREE HHNBEREO A X XBfRT s —&
(b )BHAF BT BHEIEH O IMOE X CHhIIBEMRFOBHIGEOE XIBEFRT 52— Th B,

(2) MFOMFREBLEL 50K, ORRERY—EC LT, WKT 5 EhIEE 263 %5 5 (Figc
BTz Series A) &, OWMEEML B IREHYE (KB TR/ Series B) L ## % f-, Series A 13(1)
THRACER (b) #—EE LEH(2) 2B LI RBAHY L, SeriesB i (2) (b) kAL R
TBECHYET Do Lichls T Series A TIXENA BN\ B CR4T 528, Series B Tl 0 R4Ry
B R IN L e N (B o D N k- B I

(3) HFERELE«CEL THRFIERBLT 5 L FREREOK 3 E CEh IRk 2 SR f~
BITL, MR X > TEE 2D 5HRERE (MM EKSH) Tzl X% 300mm, HH (F5E 60 + = HEES5E)
T X £ 200mm) Ll ERirb e, BEBBTIRENEYRE L,

(4) SHBBCEWTEHhERELEWLOYRRCEOEEHRET 5L, HH 13 WREREN. 250~450
mm OBE, FHRIEHDOKE JIEEIRICH 5 —TRM (W20 BET 5 L 22T L, Wb 5% Wi
BERE T, HREEME 450 mm B kwwie b, #EEH S BMHE (60 kg/mm?) LT, BEMKEL
HERIZRE LR MHMIIZZ D X 5 ek S REEIIERD bRty Lichto TEEIRGEERE I8 HE
KENERE LRI OTY, T0¥FFRICHETS LEhE2 s TR 5,

(5) WHBRBCIWTEHRERET 8BS, ShBEROBRERTEHEIG &L FEEIFh L 3igc
B DR BRI RBBRIC X BBWWIET) & MO TS SIh IR O EIHIRIE ) & 7 1 fBot 13 150~
200°C FHEDBETRIEEL %o BIEMBM L D S HEOHFRZDETFH NS LS Lis,

(8) EhoREIMM, HI L ISHBBEPCER BT, EERRYRE LT 52, $<hEEYs
Z LIcHB TV — b E 2y D OB ERD b iz,

(7) BETHR~7ok 5kl BENMCIBEBEC e ) Bt mBERXRD bR b, ©hboEREE
RS THMIFR & SR L OBIBEMC DO WTEBY 52 fro LORBBNIEO B b5 &, B
ER eI T 27cdicil, OBBEROSHOE IR LTREEDEHOES (Rethn bA~DBEIRED

* Steigerweld AR EZHEMULAMO—EMEI X 5 3 S MBEEIC B\ T, ERIFIC S 5 M e
o ERT L L2 EBRCHEEAL T 39,
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X)) BPILLTRB L, BIVCOHBIMEOKTFNEHOMOTRENL bR X5 nfkF (BWEREHK
DINEWHF) RTBZENREE LW ENRALA LIRS T,
DL 3 iR SEE LI B BN R I T A D DO AR AT OV T EOSEREPTH B,
AERETR 5D 0V IRELER, BABEEORNIEB TS, WBBERT %,
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