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Radial Contraction and Residual Stresses in Circular
Patch-Weld, Part II
By Hiroshi Kihara, Kogakuhakushi, Member
Ko-ichi Masubuchi, Kogakushi, Member
and Yo Ogura, Member '
Abstract

In Part I of this report the investigations on radial contraction and reaction stress occured in
the central region due to circular patch-welds were stated. This second part concerns with
the studies on residual stress occured in these specimens. .

Distribution of mea_sured ‘strain and residual stress are shown in Fig. 2 and 3, respectively.
In the region of patéh welded plate, the Signs ‘of radial stress &,- and circumferential stress og
are both tensile, on the other hand, o ié positive and o9, negative in the outer ring.

However, the distribution of residual stress does not constitute a fair curve, but a much
complicated one along the welding bead. Therefore, it seems to be difficult to control the
residual stress along the welding bead by the change of welding procedures.

- When the specimen is cut along the weld line, elastic dislocation is produced according to the
stress reliese due to slitting. The value of dislocation is fairly smaller than that of radial
contraction.

 Moreover, some investigations were made concerning with the radial contraction in block
welding sequence. The effect of block length in block sequence and that of overlaying bead on
radial. contraction were studied.
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RBRA L LTRARCARYBEDALERO SO RA LI, ThbbH 1 RIIOKRTIXSE 600mm, K
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THhLORBEREYD LR LTUTRORSH 2, H3RFIORBREIT O, H2RINLT vy 7EEEREAL
TPADT vy 2BOMBEY LORELDT, Fry 70KR 2, 3, 4, 6 (Fry rDREXK4 235, 157, 118
KO 19mm) L LI RIC, FIRFNET vy 7ELERSBERLOHADOHREADICDEFOLI DTS
3o THEPLRBA 31 CRVTET vy 7 KR 22 L, REE2@YT vy 7EETHREL, LORIIE— FO
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Fig. 1 Method' of Residual stress 2.3 PRBoAIE
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(1) Along 0-z line (2) Along #[2~3/2x line (3) Along weld line
_ : : (a) Spec. No. 1-1, groove bead
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(4)[Along 0~z line : () Along n[2~3[27x line (6) Along weld line
(b) Spec. No. 1-2, patch-weld by multilayer sequence
Exir® 1

SPEC. NO. I-3

SPEC. ND. 1-3

@™ Along 0~z line (8) Along z/2~3/2x line (9) Along weld line
(¢) Spec. No. 1-3 patch weld by block sequence

Fig.2 Strain Change Due to Reliesing
Note. ; .
o Radial strain at B-surface
O Circumferential strain at B-surface

A " n  at. A-surface
——— Radial strain e,
- -=-- Circumferential strain &g

ETEEFAO+FRETORNDAIHRIIC OV TBAB 2, FBAFEOES T 0o LB CE— ¥
LETRECFRENTHD, DR ENRLAIRATIIASL 10kg/mm? FEOBEBREALTE LTV 52, MK

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

SPEC.NQ 1~

AN AV

7w %' FLS

(3 Along weld line

SPEC.NO 1-2

6 /'\ _
20t \ . \ -
lo\/.‘\/\\k/ “‘ \f\/ L/

154 BERBaMm LK HI08
SPEC NO 11 S::"
~ %
.'\ 20 N {
« [ Bt NN N
—5% |oo\
/ \ . - o
e -10] ;.\-—‘ P - . S o -
-20! -2q -
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(a) Spec. No. 1-1, groove bead
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(4) Along O~= line
(b) Spec.

(5) Along #/2~3/2x line

SPEC NO 1~3 6
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(6) Along weld line
No. 1-2, patch-weld by multilayer sequence

SPEC. NO -3

(8) Along #n/2~3[2x line
(c) Spec. No. 1-3, patch-weld by blok sequence

(7) Along O~# line

Fig: 3 Residual Stress Distribution

(or ¢ radial stress, g :

circumferential stress)

(9) Along weld line
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Note :
=1-=A?- —~E r<b
~
! 2
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! gg=—"= ",E( 5 +1) A2
] 2b re .
0 o2 3 Y€ where, .
: o » o : stress,
\ 6o oy : radial stress, gy : circumferential stress
i/ E : Younge’s modulus,
!/ #y : uniform radial dislocation

b: radius of circular patch,
a: radius of outer ring, A=b/a

Fig. 4 Stress Distribution Due to Uniform Radial Contraction .1

DifE

Fig.5 Schematic Figure
of o9 Due to Longitudinal
Contraction of Welded
Bead ;
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DR RN BREHEME T SD DL ELbND, WECEEMIE 1M Fig. 7 KL TRA~-inE
PDTHDOTC, %Ot%ixmtﬁ—mﬁouamuFw4om§mﬁﬁm&TL,Hﬁﬁuxwmw#rﬂ
BRI TIE or (X5[5R, o0 (XEMTDH 5,

BECE BHOHHLBITAIUL ER L F BRI Fig.5 Om< THOT, o9 12~ F LT
RHFBECHCFIRENTHINLOAMOBFCXERE N Lt 5, IOoTIhORARI MR, Fig.3 0
mERNFHCIRBLDLELLNRD, _ .

RIS % b EDRBNFHORE LR Licind b 2 BERD L1EFHAL bh B, E— FEOEHT
OV TIXFERCMITRRA & B HERR DD DT,

Z)/Fﬁﬁ&%kx%i&“Dﬁé%ﬁﬁ®%§ﬁibhfhto?&b%t—bmlooﬁﬁrﬁt—b
EDRBABHSIED LRI ONRLLRER, ThEHLTE~ FA2OUEDS DT L x 2BSBETER
BLIBATCLR I mEIEERMMCHL oM,

SEORBRDOBAE S AR EZ D BACOVTIRED LN ESHEIL O AINE ~ FECBLTIZ X OR
R DRSS EBOTARAL L OTH DI, kDOTINHDOZ L bHF LB L ¥ - F LTIRFBCERTAHC
BOTNBILAEL Do TORAMBE ~ FLIXDAXEE, vy 7tk 2RSMEOHIEL 3 HORRA
LHFRCHB RS MELR LI LIXERTRET, R v F HARRBRA N T 2 RBRERLAHETHELD
LR R R BRI B RH RO ITIE 1 b b TR H BN ETH LD TH 5 L B2
5o ¥IHEDOFRBA ORI ERAFHORRELZ 0D 3HORBHA L A ABRAL L 5 b D ThHOT,

B2, H3RINIE~ ¥ ERBFBIENOERHN L O DB/ o T B LENBZ L BN L LTH
D7cd D ThHDHHRRFRERT L bhindote,

',"\ 2-4

(a) - 2nd series (b) 3rd series
Fxg 6 Rad1al Contractxon %y, 2nd & 3rd Series
Note :
2nd series (effect of length of block in block sequence)
Spec. No. 2-1: 2 blocks, Spec. No. 2-2 : 3 blocks,
Spec. No. 2-3: 4 blocks, Spec. No. 2-4: 6 blocks. -
3rd series (effect of overlaying weld after block welding)
Spec. No. 3-1: two layers overlay in multilayer sequence
" after block welding in; two blocks.
Spec. No. 3-2.: one layer overlay after block weldmg in
tow blocks
Spec. No. 3-3: oné layer overlay after block weldipg in
six blocks
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BMOGETHHTLICHRY Table 1 KiFd, 2k & (=#,),4,a,U,8 12k, —HRIUE, XDAEhic

Table 1 Radial Contraction u, at the Final Stage of Welding,
2nd & 3rd Series of Experiment

No. of Spec. | ao (=u%y) mm A mm @ degree U kg-m 3
2-1 : 0.303 0.70 91°30/ 58.7 . 0.04
2-2 0.281 0.81 74°06 53.0 _ 0.07
2-3 0.231 0.90 76°56” 38.9 0.17
2-4 0.243 1.25. 72°30” 39.5 0.07
31 0.389 0.50 109°06” 97.1 - 0.03
3-2 . 0.389 0.64 91°36/ %9.1 . 0.00
3-3 0.347 0.74 109°54~ 7.7 0.03
Note :

ur=ao+A4 cos(ﬂ—a) + (@
where,
dy=1%, : mean contraction
Acos(f—c) : translational motion of circular patch against outer ring

2(0) =3 (ancosnf+bnsin nd) : contraction of higher order
n=2

U : apparent shrinkage energy
d ; unfairness index of contraction

FROMGHBRBR T OHE, RETOIE= % A+ b IEREE TS 5,
H2RFICHTIRT vy 7ENSL e BB ERIGEHBRORAK LR D, —BIRIENBRL, TOMR U
REP LTV B, THIBEC X 5 IUESABIGBE L icoTEbh, Ei*w#kbfﬁﬁkﬁﬁéhéu
PO BB ThBLELDN D,
HEIRFIrRPECT ey 2EXRAL, ﬂ%ﬁﬁﬁ&%oa‘mﬁmBéﬁ&iﬁ%&ﬂihfutﬁ‘*oyi&LB*\
PILEAMNELIELOTHSD, ZOBAICTHORBRACEVTY, 4 9L, @ KT, #R U RN

'SPEC NO 2-3

SPEC NO 2-3

:?g

°g 88 8

Ur-Acasto-)
w & A- [@coste-w

(a) Measured dislocation (b) Mean dislocation & dislocation of higher order
S ~ Fig. 7 Dislocation [u]
Curve @ : dislocation (7/2~2wslit), [#y |=0.099mm
“Curve @ : dislocation (w/4~2xslit), [y |=0.098 mm
Curve @ : dislocation (z/8~2=slit), ,|'{£|=0. 094 mm
Curve @ : dislocation (7:/16~21:slit),|14_z|f=0. 084 mm
Curve ® : shrinkage u,, #,=0,230mm
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EHIT S IeoT B,

ROTRPOBETT vy 7BEEXRAL, BREDC1ERI2BCLESBELYAV5Z LR IOTIMEDOTRE
EZRDOLPRLADSE=RIAFOPCEFLRBIS L LTH 5 ¥ Frlk 2 Bbh 3,

33 s24FH4 :

24 FH A OREREREY Fig. 7(a) RRT, KBOLDINHEE v 257 vy F LR, BH L ixEBER7 N
EBBED |A|cos(0—a) XEFCALBRIXAR (b) KRT, 74 FHARTMESET LB T2, B
DTWBHEMN 0~z/4 (BRO®) DT TRIBALEIALELRBDT, ZORIITLEKTM LIt D 2 4 FX
ACHYTEIDLELLRD,

RPN L SR 274 FTAINAEL D 27 DL EOPHEIZFHINMEREOK 402 CRHE I\, ¥
EHROFCDWTUINME L 74 FH A4 Lixb2BEEUOK L L OTW 35, BROFEDIREIZ/IE { fooT
Who RV v FRINIREBI DBE 7 A F XA BMUEDHK 852 L, »or ORI L ED>TEMULT
WRDIEEAND L N OERN S BN, UKD AREEDBAIRES IR SN B bR A E Wik
EROBRBNRKEL EoTwB T ThDLELLNRS,

R SEORBRC S\ TUIBEPOHIRIE NI O, BEEOIRBENAEXIRELTVWBD0TIhbED
HBEEZITOTABLROTLL ThbB, Tihbd Fig.3 LFE 18D Fig. 10 L OHEIHH2 5 X 5HHD
BERER L KRR T 10kg/mm® BEORKN LD TWBEN, —HiExY 74 FH7 1 L ELTEHORE
TS LD BEYTRT, AR MR LT REIEEY LV e 24 F 74 L EE LD
FRATOIR T2 RD 5 L REBRA 1-1, 1-2, 1-3 oW THkA 32.2, 34.8 Ky 20.7kg/mm? } /s h HRME
IhricoBE, Thit Fig.5 RBEHELTRARICI IR Y~ FORRMEOEB I LA M, 74 FHL L¥Ex
LR BZDITRMEO—E (9 4025) TLhRWZ LI ERT S LBRIN 2,
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SEORBIC I\ T2 bNIHRIKETLOML Thb,

T RDRARBEC KT HIENITHOEMTHBH, SENCITERHROIHNE L ©— FORFHE(HEHFRE)
DL DARENIBDLELZONS, Tibb Y~ FESTIE—BIC o CEEFRGH), oo (MBAFRAE
D) LICHCFERIENERL, LT oo DHIMERKEV, WEOMROEHDIEINE or, 00 & HIF|IRT
BN, TOEIIE~ FEEL BB P KE 10kg/mm? §itCThot, FHAROMABE T o (L3E
oo TEMTOThIBERNLREIDDBREI>THED §5, ZOBARMESDLTRID W TEIBLMsH
HARDHNIH, €~ FETRELL RG-SR LLOT I, AROZ LAY o FEHERRBRAOBE
EdbbbiTnwicl 2 2EL2 DL, W O0DE~ FEBUWIBAR Y~ F ETCE LS AHATE IS v
TLWS LR AENTRRTHLD L ELLNS,

BB L TRF 1 MBS\ Tl edd, R BMUIERT v 2EYRAVIBAI TRy 7ES
ML, PHOBEC X 2 IRMY BRI RGHBEOR L LTHBC= R AFAER LR X 512 LitHR
B RXANFRPLTIRDZ ERGO, Eler vy 7EXAVCTWABRARPTEIOMEOKEXT ST LE=%
A FOER BN 5 2 L 1507,

BRERY — FOFLUIM LICBRD 24 F 74 #RIE LIHE L K L& 2 A ZORITIUE X b 2vis b Dicho>
7o (87 4028), T HIRTDRAHZRBHECE W TULABEI LRI N B DM AH . BHEEHOERAZ VW &
ERTHIDLEEZ LIS, Bl IESEOKRTCIBERFOIMKICHIROBESEOBEGHC YW TOHAIR T
TWBDT, WHER 74 FHALEZTBEOBALINL LB LTARSL L, B2 ETRE—FH LT 55
FHIFEOEII NI D RTEELY L %, Zhitit Fig.4 CBI#E L TRNAX 5 ie e — FOREUHE b T4
LTWBTHSS 2, IREED 5 bORBBEMANL0O—I5F (8 402%) wTE¥hvZ 2Bk T530:EXL
r (W

NI ORBIER D LI DRARBHEC KT HBREIEN B S8 5 DR 7s A B EIERF Y BB+
EPEMMTHZLIEETHSM, AV v P ANWKARACET ARBERY IBEALTEL D L ZOMER
DWITRD L 5= 2 MNE X D,

HEOEMEL LTRETH IR Y~ FLEORHOREME, IGHOSEMER L AMEC 5, 2ESBETR
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ROBE— FEBORBRTTOE - FEOBRIIBLLERMT 500 ThoZ L2 EL DL  FLOKS
ZEERBTRIC X DT control LX5 LRATIHALEBHRNTVEES,

Chﬂﬁbfﬁ‘*»¥~lf@ﬁﬁcmﬂd&*élSKﬂbhéo%Lf;@ﬁﬁ#gfnujpyp&
ERALICBROTHE=RAF ~ 2P, 7oy 70BIRELTHLBE=3AFREIT 5. & hTBEEC
L BIHEDRIGRBR L VOB TH LI B XY ~ RHBCERIRS - & ROunBLTHD BRI
Do ERFE=FANF~ U RE—- FRBDTRARNRADLHCHBRINABo 2 A - R L& #x bh
%o : :

5> H & b 2

FREORBI YO TUTKEBR, KELH, A BROOEBNE 5 . b0 lER-LoMFRC T
DREBRE, WTH—ROOBNE 5352 & b iR, HAREBRERT, HENMEOEBETH O
RABBRARUOBEBORE L OO REELORBICOWTHEL BB Y5 e 2ok h HRIRANM D
VBB B < B3 %,
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