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Studies on Deformation and Residual Stress due to

Welding encountered in Shipbuilding

Abstract

1. Studies on Shrinkage and Residual Stress in Fundamental Joint

Serial experiments were performed on the effect of welding procedures upon the
shrinkage and residual stress of constrained butt jont continuing to the studies
conducted in the 5th Research Committee.*

The ring form constrained specimens were used in the experiment. The experimeﬁt
was conducted in six serieses, and in these serieses the effect of following factors on
shrinkage were investigated: —

(a) Effect of combination of welding direction (6th series),

(b) Chipping and flame gouging (7th series),

(¢) Electrode diameter (8th series),

(d) Type of electrode (9th series),

(e) Root distance (10th series),

(f) Type of bevel (11th series).

Measurement of transverse shrinkage was conducted after the welding of each layer
using a measuring machine. Measurement of angular change and deflection of specimen
using dial gauge was also performed in 11th series of experiment. Change of reaction
stress during multilayer welding, distributions of residual stress released by slitting
along weld line were measured by electric resistance wire strain gauges.

The main results obtained in this experiment are summarized in the following:—

1) Value of Mean Shrinkage

In the multiple layer welding there exists a linear relation between shrinkage and log-
arithm of weight of electrode consumed per unit weld length. The effect of welding
procedures on the mean shrinkage were investigated by this theorem. The root distance
'and type of bevel have remarkable effects on shrinkage among other procedures. The
value of shrinkage does not change by chipping and increases by re-welding after chi-
pping. For this reason shrinkage at the final stage increases by chipping and re-welding.

On the other hand, shrinkage increases by flame gouging because of the supply of heat

* The Report of the Shipbuilding Research Association of Japan, No. 12, Oct. 1956.
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during flame gouging.

2) Form of Shrinkage ) _ _

The shrinkage due to welding is not uniform along the wad line. As the form of
shrinkage is nearly lineaf, t}le aﬁthors investigated the shrihkage as the combination of
uniform shrinkage and rotational motion of plate edges during welding. Magnitude of
rotational component at the vs;elding of first layer greatly depends upon the welding
direction. In the multiple layer welding, the value of rotational component gradually
changes approaching to a certain value which originates the minimum strain energy
irrespective to the com bination of welding direction.

3) Angular Distortion ‘

The increase in angular distortion during multilayer welding was investigated. Angular
distortion mainly increases at the welding of 2nd or 3rd layer. Chipping has little effect
on angular distortion.- Deformation of specimen due to angular change was also inves-
tigated, and it is found that the deflection of specimen can be calculated from the value
of angular change as a problem of elastic dislocation.

4) Change of Reaction Stress

Change of reaction stress during multilayer welding was also measured. The value of
reaction stress can be estimated from the magnitude of transverse shrinkage as a probl-
em of Volterra type dislocation.

5) Residual Stress and Dislocation

Changes of strain due to slitting, cutting out the weld metal and fine cutting were
measured and the relation between strain change and dislocation produced by slitting
was also examined. From these experiments it was shown that the residual stress
transverse to the weld line seems to be estimated from the dislocation due to cutting

along the weld line as a problem of elastic dislocation of higher order.

2. Angular Distortion in Fillet Welding, especially Initial Corrugation of Shell Plating
In recent years corrugation damage of shell plating was observed in many welded
cargo ships. Through a thorough investigation conducted dy the Ship’s Hull Failure In-
vestigation Committee of Nippon Kaiji Kyokai (Japanese Maritime Corporaion) it wasg
found that the initial corrugation of ship bottom due to fillet welding between shell pla-
_ting and transverse floor would be the most significant cause of this kind of failure.

' This experimenf, was performed in order to investigate the mechanism of origin -and
methods of reducing angular distortion in fillet welding. In this experiment the effects
of various factors on the magnitude of angular distortion in frée joint were studied.

Main results obtained in this experiment are summarized in the following:—
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. 1) The magnitude of angular change due to fillet welding increases as the increase of
weight of deposited metal or rength of leg. Tn regard to the effect of plate thickness
the value of angular change takes the maximum when the thickness of flange plate is
about 10 mm, and less value of shrinkage is obtained in plates thicker or thinner than
that. This seems to be attributed to the combined effect of followingé two factors: —

(a) Distribution of temperature rise during welding become more uniform in thinner
plates,

(b) Rigidity of plate increases as the increase of plate thickness.

A chart and also abformular expressing the relations among thickness of plate, len-
gth of leg (or weight of deposited metal) and magnitude of angular change are obtained.

2) Following three factors were found to give only small effects on the magnitude
of angular distortion; —

(a) Magnitude of gap between web and flange,
(b) Diameter of electrode,
(¢) position of welding.

3) The effect of type of bevel on angular change was also investigated.

The adoption of single bevelled joint in stead of usual Tee joint wasA found to be fa-
vorable in'regard to the reduction of angular distoftion. However, in case of double
bevel joint greater distortion was obtained.

4) Intermittent weld produces less value of angular distortion than continuous wel:
ding, and therefore, it is favorable to adopt the intermittent weld from the view point

of reducing distortion.

3. Effect of Welding Sequence on Transverse Shrillkage and Residual Stresses
35-1 Effect of Welding Sequence on Transverse Shrinkage

An investigation was conducted on the effect of weldfné sequence on transverse shr-
inkage. Slit-type constrained specimens were used in this experiment. Conditions of
experiment investigated are as follows:—— .

Spec. No. 1 : Block method in progressive direction,

Spec. No. 2 : Multilayer method in progressive direction,

Spec. No. 3 : Block method in step-back direction,

Spec. No. 4 : Multilayer method in ‘step-back direction.

*Welding was performed on slit form joint of 500 mm long prepared in the specimén
1200 X 500 mm in size. The value of transverse shrinkage was measured by a measuri.n;r.'
machine after welding each layer. '

Main results obtained in this experiment are summarized in the following: —
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1) Form of shrinkage at the completed stage of welding does not copstitute a fair
curve when block method is used. On the cor
layer method is adopted.

2) The specimen, in which the welding is performed starting from the part where the
degree of constraint is large to that small, bas rather smaller shrinkage than that of
specimen, welded in the opposite direction.

3) In regard to the increasing tendency of shrinkage there exists a linear relation
between mean shrinkage and logarithm of weight of electrode consumed when multilayer
method is adopted. However, in case of specimens welded by block sequence, logarithmiec

relatin holds good when the increase of shrinkage obtained in welding of a certain block

is taken into consideration.

3-2 Effect of Welding Method and Sequence on Residual Stresses

In order to control the reidual stress and distortion of welded joint various welding
methods such as symmetry, step-back, skip method and etc. are used in actual works.
In this report, we compared each other the residual stress distributions of joints wel-
‘ded by these methods.

In most case joints of actual structure are welded under constrained state, and so
the determination of welding sequence is one of the most important problems in actual
works. In this report, the authors used the constrained specimens and discussed the
effect of welding sequence on residual, locked-in and weld stresses. For the sake of con-
venience, we call these experiments ‘“ Test I”” and *“ Test 11 ’?, respectively.

Material used is SS41 steel plate. The specimens in ““Test I”” are 500 x 200 X 6
mm bead-welded specimens, 500x100x6 mm and 500x100x 19 mm butt welded specimens,
which, are welded along the 500 mm edge. The residual stresses were measured by SR—4
strain meter. In * Test II’’ the locked-in stresses were at first measured by reliesing
the constraint and next the residual stresses were measured by usual trepanning method.

The results of the tests are shown in Figs. 43, 44, 45, 47, and 48. Fig. 46 shows
schematic diagram of the residual stress distribution of bead welded plate. The diagram
was obtained by simple stress analysis. We compared this diagram with the experiment-
al results, and discussed the effect of welding methods and welqing sepuences. V

The distributions of residual stress in ¢ Test I’ agree in most with the schematic
diagram, Fig. 46, but the result of specimen A-4 (skip method) is a little different. In
this specimen, transverse stress increases in spite of the decrease of longitudinal stress,
and the peaks of residual stress are produced at the last bead. In *‘ Test I11°°, stress

distributions are a little different from the schematic diagram. This difference is due to
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the disturbance of external constraint and the cross point of welded joint.

At the last we discussed which method and sequence is favorable from the view point
of residual stress distribution. We adopted maximum stress and triaxial ratio as the
criterion of comparison, where triaxial ratio is defined by | o+ ot a3/ 3| duax | (61, 65 and
7y are prirfcipal stresses and ouax 18 maximum principal stress.) The values of maximum
stress and triaxial ratio are shown in Table 2 and 3. From these results we concluded
ag follows:

1) 1In the case that thin plate is welded by one pass, skip method gives comparably
small residual stress, but for thick plate welded by multiple pass, cascade block method
is most favorable from the view point of residual stress distribution.

2) In constrained specimens, it is favoured to weld at first the shorter joint (for
example YO and Y'O’ in specimen “D’”’) before welding longer joint (for example XX’

in specimen “D’’).

4. Studies on the Method of Relieving Deformation and Residual Stress
4-1 Relation between Condition of Welding and Angular Distortion

As a fundamental study on the method of relieving deformation due to welding
the effect of condition of welding on angular distortion produced by welding bead laid
on a plate.

Mild steel plate of 6, 10, 15 and 20 mm thick (200 X 200 mm in size) were used as
specimens. String bead was laid on the plate and the angular change due to welding
was measured.

In analysing the experimental results the following formula expressing the relation

between condition of welding and depth of penetration was utilized:—
d/b =é— (vh) =P (I/h)¥

where, d : depth of penetration,
h : thickness of plate,
v : travelling speed of welding arc,
I : welding current,
D. F : constants,
S 1 coefficients determined by the character of welding electrode.
It was found that the value of angular distortion can be defined as a function of
ratio of depth of penetration and plate thickness. This phenomenon was also observed

in the experiment conducted in Item 2 of this research.
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4-2 Application of Low Temperature Stress Relieving Method on Small Scale Welded
Pipes

Effectiveness of low temperature stress relieving method applied to small scale weld-
ed pipes is treated in this iﬁem. Pipes, 18) mm in diameter, 7 mm in thickness and 500
mm in length, having longitudinal (seam joint) and transverse (butt joint) weld are
prepared for specimens. These specimens were heated by travelling oxy-accetylene torch
to a maximum temperature of approximately 200°C and then cooled by water. The region
to be heated was varied in several conditions. The measurement of residual stress was
conducted using electric resistance wire strain gauges. Results of residual stress mea-
surement are shown in the figures. From these figures it can be -concluded. that the
low temperature stress relieving method is effective for the purpose of relieving residual

gstress when the condition of application is settled to a suitable one.
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0 DR LR 2 R DB S HIZZH>Tu 5,

Po R BUEER & LT, 1T mm, THZ I8 mm % & DT B A5, S AR B LT
AU 72> TV % D-W 10,000 t SR O & 4K & DU RZIE - S DE £ DT B,

C37 k& 4
R URBOARENE (HB 26-P A type) 2%, +~7TT B-17, 5mme T 6 passes, 3@ T
Vo RHIDEATE D TRAICEIRE THI L TH b, (il
Nt AR
FALEOBMEERIITROM Th 5,
WRIEEME 220~240 amp
T —7%E 25~ 30 volt
e 240 mm/min. 525 [ R

47 Mz

SULEAR OIS 26 l><l@/xn<, FHETERERT A SEARD RIS L, 7 A TS — U R RS IE
SO N REE) L TAT 072, - e

WAL EE ERORG X 0050 mm F T 10 mm R
W26 5, WMTE 22 &, ThEREFHMORLRTFD
T80 125 mm O AL{E 0D 3 HFT T UL DR T | L] T
& 3 5D Lo,

Fh - 8

26 [N MZELoRlE

2-3 REBRRZR
RS RORE 2 VIET USROS Th D,

C13 WUBERURIETR O

THUEZ 4.5 mm (B 7 mm), 7 (M7 mm), 10 (4% 10 mm), 13 (F#Z 10 mm), 18 (I
He1lmm), 25.4 (Bl mm) k#2755 ORER w &A%kt L OBIRERHY 5 L4y 27
Rl 762,

D CRE R MR S ) ORI R gr/em & L DT B, SR E ERR ORI
FACHER T 212 RE ¥R & 58 Z2—S0ill— & L TRy hug kv,

AR L0 log w=1.0, 0.8, 0.6, 0.4, 7 BEEACINT 2 FHIE & 1255 & OBIFRF K%
T 5 EH 27 WO e B, _

C A E RAVEINEAL Oy LTS HEN T B & F ORI E L L TR 5 2k ph o d, (]
LIS R AA VI Tl D885 ,) £ 72RIBIE 20 TR ¥ OIS L T 94y 10 mm 048
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100

2 5ot
e

0 459 10 13 18 20
t{mm}

i)

febHezn,
SAuE 10 mm k9B R S A 2 D7 A Ao D N2 A < IERCC I SO il e i)
P oD B A e H b D B HIvh,

(20 Xy 70 (5 28 X))
¥y, A, 0, 1, 2mm O 3L DCTID7, ¥v 0 THAKE e d & M ixiid<

RAHBINCHD & 5 ThDHA, TOWE

b, x107rad. x(0rad.
e SOr £ 4py7° (@) 601 K #=5mm (o)
emm
(2)
U371 Mo (O 29 D °
a0k
Mtz 4, 5, 6mme 0 34474
TEofens, —EOMINL N7z,
R LY PRI S NS PPN A Iy o =, a0 - - )
BEAREME & LT pRd HB 26~ 30 4mm s
P A-type v 7opiismbse
T ﬂJ’Q’ﬂi(/I {J/‘ < 7:{: Z;’o 20 - -
25 (45 30 7))
lof -
IR, TR 2 G o T D
N b HB26P4 MM ¢
IREEETRY BT DT,
0 =75 W 2 7 B
logw logw
C50 By (45 31 XD
CHECH NS e Y B2 E REE o

SHOESZR T L THT s Il
Wiz < filiaok & 7p g s



&M 197{7\/3%\_0 SX0!0'3rad
ZRL OB BE U Tk S8
FRAE T LTS SOTSE 4 B T i

MEEDT L AN G DOME S HhEH 40r
Z I AL 5,
C60 [zomE (05 32 D 30+

e, WA, T-E Y Serration
oW T OSBRI A UL 32 RN ok,

20F
Z DR TS R & LT
IR B W T DS R

10k

WHE ED2TT oy M LThd, ¥
P B B2 7n i < T
B A A, MBI T & D3R 0 L 4

A~ TRk

5 logu 05 0w 0 5
L LI B A 7 23 H 00 S 78 9
ME S Ch B, L= 2 vl W80 [ fEHEESOME  HSLE Pkop
A,

Ty FIIE S S X D TE v T ORG-S OIF E MBS, TR X Lz AR A3l
FEBIZE T 20> ThH 5,

N

Ey FN
?-9:50~BO
5 50~ 80
-3

5080

log w
w=w/L
w e RS E g
EEFELE om
2082 & Wrisckndse

2-4 FRATRUER

BV, BTG, X v 7, HRER, RRRRussh, DI, WnEekae & 004 BB A E B g R oAl
2l O (2 M3 RBORBNG FFOM THOT, SO THIE, FazE s MO WK
sy 5 T B, |

S GUR R A E OFEAMRRT S0 DBERICIER  H 2 2 B EOBIE TIATHET S
A OB LTIk & 5 AR A BT

— 20 —
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T 27 R sidn <, S8 Oy EHE R OYEREIT L o THERT 2B L, H)F =Z10mm
PR A w = 8.5 gr/em (log w = 0.7, PIHE = 9.5 mm) 1Zde\ - Trl Q2R o Ll
FAE OWEEG S R LEW L TR L, Mo s 2 kAt A, F LT OB v Ceaie U
WIRENAIL T B

0, = 4_,10-‘7?5?;_1
P2 10 mm LT 2 & BB TP 34, SRS S LR~ 70 & Sl < 7 %

LR A U 7RSSR A L 0D JEL X S5 [ OB — T A B 7o, SNMERT B DB B
B, (41 28)

WiEERBAT B\ TMEME 23 L IR A 2 S ER LTS AT s 2 Bbh s, 4 28 FiZk\ Tk
oG & U TR B aBiow T 2 W ROl L & 2T b, 62T 2 oL Wik
FREBFEROS L, W SRR L 0 b MBSV D L BRSO TH AN, FL
D FRERE E 0 A L S L M IR T L BIERT D, KO THABEMWRD L, LEIA
RERMRT B O, MRAPEZ TRD &, MERE DT 27 EDI L bF2 LD, K
g U BT i ST O R TEé’rZ,)finh:&Ziféiu 0, Wi AR A0 LA
BN T B B2 BD, —HRCESAREEC 3507 B RN AR ESR AL FRANET & %5 2 C A D LTSI
e OFRFAT LA, OBAT LT, C®4?iﬁﬂ'=?ﬁ‘§!'iﬁ?3}b‘;)l‘;’l%}fﬁ’h/ﬁjlﬂﬁo S EIE AT,
WEOTINBDZ L B2 TE, MAETOMEZIT 2 L5 B WS 2Nz 2 828033 5 b
DEFHEZBND,

WRERA St Tl & 0 b 02730 < 75 % &0 SIRGUCBE L IR BRI TS L 0 2

NEMHTT % & TEED T g2, RO SHBINICE 2 0D B BN D, TTrbh, Wikl
FEZ I TR W T B 72w, £ OO VAT 2720 THH 5 LB 2T
W,

25 & W

AFLE 5 UL 4 & Ze D e TR KD F D IN < Th B,

D B EEEo aMeh it iani it ) 2 Eicie> T ﬁ.l’r)c’tz;); BRI DT 7 7 > 2 O
JEAES 10 mm DA AURK T, FAE VLI TS, Ea B THMBMLEMA T D, SR
By DRI B BT & AW R IR B S Td D, IS < e B E M S I 2
KEIDMHTH D,

TS0 L 7 SRR /R SR i B, B —IHE— MBI B A sRed 2 £ 38 27 [Xoodn & X3k

EAS BT LT E D, Feds ZOREE A L T A b RIS I BRI R T O A v b e
CBEHEEA R L A OV TGEEN S L 0T, 2 = v A F E ORI DS

17O TR DI AL C 4 B M AU L Tl 4-1 OB UL e 2lld X a7y

) MR ETFHR S DX v o 7, PR, BHEERSMEEAU0BMI B 2 D e,

3)  BHAEIAP T U Tek, THHETH LT ik A <, Wk E e M EME T 2 LD
Foo ZNL MBI L T ot 2GR L R LTRSS S B ORI D T D0,

— 91 —



ZOMERS S EH L I B,

A v ir

I, R S AL SRR L BT D & Ak i R &

X_

! 'I;l.
FHEDT LW A Cv B Fl o a5 Ch 5,

L= g IR LA e, FE y TS A ) D Ty F DR L 0lE E MR

MV AR AU THY A B _‘}lu;b T AHIDTEHF D,
FEDT MR 2 <4 Bz lE, BEEEEEE L O LWL L 2D o F OV L O FIRMT 5503
526 DA

(Fo 38 Z OFEMEEHIESE T B U Tl ~72 L D Tdh B A BT PN T & L AT+ %

luknfl!}&//.r/\_ 7% "}%_75:\/‘0)

3. WERRE l-_Eﬂ?‘ SH%R

G5 WHET S Go B OMAS TR L 7o B L OBIE) 12\ Ty Ao — Fitk, A% »
T7 Ay JE EBRALL GBI T AHBIEIEAS O ORET R 1T 070 AT, AR 2 B i
FABR A A VR
LNEFY & #E RS T &

RN IRFEN T 2 25 2 T O L b, FelEEIS -2 2 ) » b3
U AR ke s OBIFE LR kD2 b0 L, 2 P00 4 PIFUERER F 2 i kit
DBEEFA DL LD 2 D5 F TEM L,

3-1 MEIEFASRBICRIT T2

C17 BRIk

#4533 RUIART L D7 R o M UHIGARR N & RV, B s 3R DR O Tk
»T07,

SEC A-A

BLOCK—I-[-BLOCK—

zf-BLoCK-

A

500
|
|
l

550

1200
4 33 [ U Bk i (Specimen)

BAEFE & — 1 TEOTYH, ITAROEGEESZ &5 ol CRET 220 80 5 b B IS
MR DI &, ARTAS OO KRR A b 2 WA ORI O RIS & 23 2, F 7RI I A B T h R
TENEHZ 132 < ORI D 5o P2 SR SRR S W2 TY, 2 ADBEILARERES 24645 LT
s DI D TR ZEE T ALERFRE S B2 B b Th 575, T OBARIEIIE B S OFE

ZZMW)

RO SREBETHEET 222050 52 L, HiBHRO7a » 7IETHIETLZZLDH D55
— 29



b Th b,

X THIENT o 2 T oD & JEAINT VLD 3 YR b e D Tl By

(L) JEFatie L Tfiie 2, J50CREET D0 & v 5 e dim oo sl Clprik, dififtik,
TGO B)D

(2)  @fkE U TR &2 ORBEORTET & ORI (it Fliko)

(3) 2B, 3JFERERRE AR DRI L B e S (SRR, 7oy 7k
H = FEREEOR)

L7243 C i B BOMIA T & TERTZARDRIRNT 235 2 D % bt € 275, 40
HEERIZ R\ TR D L 512 Lo 7 BAS 1T OUHENI DWW TR 2 1T 4, dhitdie iR L,
T 23BN DV kTG (progressive method) #4387 (step-back method), % 3 TEHENZ D
W e E (multilayer sequence) & 7w v 773 (block sequence) & DRIOIEHE L5
NP2 OO E L TERD S DEZBAL,

Al 10 progressive block #:
BT 2 ¢ step-back block #;
WBR k3 progressive multilayer ik

SR 4 0 step-back multilayer #:

YRTENEFE OFEIM Y 34 Koo an T, EX500mm oz o FE 3007 oy JIinSh, i

2 UG T L IR R M TR AT D7 JZSMe 2 < T 2 o DRI B2 P o 72,
NO.|l Progressive NO.3 Step-back

5 ! Ls-l !

|
]|
|

B Surt=—2—
P

3 S
A Surtb—1 ——7 A surtF—1 !
B Surfr—

=N

—43

NOQ.2 Progressive NO. 4 Step-back

I L,
ASurtp— 1 ——2—+}—3 A Surfl— | —fp=—2 —fe—3 —]
B Surf., 4 —~—5——6— BSufle—g 5 1< 6 —

[ T o

Al
Bt:2
A2 3,4
‘B2:56
A3:78
B3:910

Ay 84 [ HEEEF oot (Details of Welding Sequence)

Z DEROIEEEAHET RO T Dy




FeEEREd 170~190 Amop.
7 —JHiA 25~ 30 Volt.

R 200~230 77/
PGl P 4t 28~ 34 gr

B 0T Lk PR A AR 1 3 & FIRRAR I RS £ 72430 T 45 mm Wb © iz
BOMWE LT,
C27 HEESALRL O

1) e
WA & D TR R A 5 0 T I OWHR O P& b O TR L L, AIEICOWTIAN

K 4

P —— ——
(v)

MR g E B K
— 24 —

51
F, #4920 mm R PR e B E S SO AU OV TR 7 T L — 7 =D D T




WEBTOE2 7o 7O 3

EARL e b O EAY 36 L H~E 85 4 R F T, I SRR B 2-3 4
)M‘I’a L7 ”JJ)J[ ﬁ‘h"}[ U\ LL")/JO

7

jf\_’/“l 1 7:\77 v //L/((‘)\;/";Z 7“[1 W /7%\(‘] 2 \_}1\0 <Jl(; .-'-"

L5 1) progressive step-back (2D T LT

e s,
2) R
B/ BT DI L R
EOTORG-Y & log w & OBIGRIEE 37 KT H < 7o B,

LR A kS

! i D & H‘i?nwn Lt

WY 3
€ O}ﬂ;f
£ o 5
- S ,“'BLOCK 3
o
= /c/‘,
/9/ o BLOCK 2
By /.
S

= FTBLOCK |

o
P g

| I 2 ll 3 :__l

536 X % 7a o 7R ONGETEIR D2

L OGTCHE LI DA 38 I~3 KT H B,

T O6

it

04
- 03
02

or L

I .
0] 05 15 03 05 o7 i0 1.2
foz, w 903, w

(@) log w~u D) log w~1u



06

I3 0S5
‘&

04

03

02

Qi

o 05 o -

() log w~1%,

3) IR
multi-layer HEOEA

REF D,
—Jj7 8y JIRDBEEAY TH B, SHERRT A0

i% progressive, step-back DO\ F A L FHES < LR L& 5 el

2= tpn/8 VT logw D

BIfR 2 Rk THhi: (H3IKD,

EDt multi-layer T id A XKD LI31E 14125003 <, —75 block 7ED BT RRINT Ll
WA 2 BB ISR E V-,

= DEIEYNIRT B 7= IR D & 5 78I & ik A7,

20
<

J Tl

* \ N/ &
10 / \i / oQ«\\; 7}\. é;’}':&
° 05 10 5
- Qa} w
B9 TR L B 5 b IR D&k BOE 51774 o)

FSHE A0 BICRTMEES 2¢ DAY 5 b AMERETIG TR Y » MRC (1) RTREAS &
5707 4574 2] AT BIEAY » PERCET DHTRIST) 0y (y = 0) DA (2) T

REND,

S (1) WWRWT A LSRR TOET5H L, oyl uniform &7 9

= A, sin 8 :fé&_ JETR



AT ' °

SOFBME T o o LT D KRR S S M S, e A= 7” (=1.57) &%
DEEMAN A= 14 Lm0 k< 3L Tuv 5,

It multi-layer @M a B CRIE U 9 < S AUEIIZIRGE, 20 v b 0RS T Ai—is7e s 155
%%&f%ii&7%%ﬁ%@%ﬁwd<:P%b#@ SANET-OLE & FIBCE = 400 % — p3k
DI L Islii e b DT B b O LS D,

—Jj block iRTHL 10> block 735k X Fo i, WO OMENIIE S 700, OBl %
SHCAT N e T B LR BB, '

C31 #% i
ARGEEROHUS DA IR O Th B,
1) Wi
a) R & log w OISR EHBIGR 22 5,
b) step-back it progressive wWik VIHIATH D,
¢) multi-layer i1 block #: ) vkt A Th 5,
2 PHETIR
a) ERFET ISR S22 5 2 s,
b) multi-layer o E 1t IEHCRIBIZ NS < 1m0 T T, AU oy P EOiEI)AY uniform b3
LILDLIBRIZHE-S <
€)' TR LT block HoMiA L 3T S,
PLE##84 LT multi-layer ks, 470k & < £ 07z Tl reaction stress (1 X < 752
75, JWHTE energy 737 < A0 CHi &5 Fldiag, 2
ZAUIHRF LT block Tk L A A C AV RS T SRS S B T T2 2 2 & 7 fffme
Ry S

32 BEERUBEBIERESERCNICRIF TS

JETF D RHEERIT £ D TRRERS TS0 SR DR L a0 2 FUN CHASKIRS, TR, BBkl &
DIFRDH 2 i, TRENOBEITS U THS A H 52 Hii T3,

ZITE, IhBERD r&wbmv,amwﬁmmu:maﬁw M PRI B 12 D s
T RN 7 SIS T Wl s b B L vz OSSR 0 B B ) o0 1B o, WO TFR &
L7z

L1 BB A MO 1

BB L SS 41 BUEH OWIT 6 mm g CFpfk 5 30,7 kg/mm?, $tilidy 41,2 kg/mm®, sk
26.4 22 (G. L. 90mm)] 209 19 mm, i (FEp s 29. 2 kg/mm?, Pk ds 41 9 kg/mm*, il
F 23122 (G Lo 70 ) o0 207, #EU R & 4 B W 650° ¢ 2 I IRY I Sl T o
fa97-07,

.97 .



1 % Bm | .

SRR & LT 500X 200X 6 mm 0 & — FREAGAR T, 500x 100x 6 mm #0500 100X 19 mm &
WaEEER A Qo b B AEED 2R L7 WG EAIER A O BIJEIAR I 6 mm 0> b 0D
T3 60° VI, HUE 19 mm 4 Tk 60° X BT h b U5 4 FIRET R & ST TR, Wt
Bh A-1 iitEER e — PRI Lo b O THh B, R R 0T B TER IR 2 D 1201
— 7 AP N B, 0T — 7 RITORE 2 < o FHERER)T A-D & Fusare e sory T e
R B L e ARREER N A6 11 — FRIEOEE & SR OWAKHEOE S & DRI
B L 2 BN TATO 725 0 Tdh B, BT B-41x B-1 S —& T4l CHri 2 %)
F AR EHA LD T, BB B-1 & B4 ORMSH R KT S5 2L Y, PRI FEE ORI
LIS L OBEREMNS L E LT,

mAk  RBRITARIUBICHT 2EREL

IThlckness B ‘ Weldin,
gl
Spec1men\0t plate Weld. method \go. of‘Arcvoll'l:age Current speed '\Electrzlode
1 mm. ass VO ‘| amp. 'cm/min.i use:
A—1 Straight ford,| 1 22 160 24
A—2 Symmetry 1 22 160 22
A—3 ¢ jpeadon o b back 1 2 60 |20 |
— tost ep bac 2 e | BT, g
A—1 | Skip 1 28 160 15
— | - [ (R —
A——5H Fusarc 1 26 400 72
V-groove 1st 22 150 15 | B-17, 44
A—6 6 Straight ford.| 2nd 29 150 18.5| B-17, 44
butt weld 3rd o2 | .18 | 12 | BAT by
B—1 Straight ford.| 6 20 200 25 | B-17, 5¢
B—2 19 X-groove |Cascade block] 6 27 210 | 256~16 | B-17, bg
B-—3 butt weldynionmelt 2 36 700 300 S
B—14 Straight ford.| 4 30 205 | 19~21 | B-17, 54
2) g B 1

A AL e Rk 5720, D2 FROMHGARRKE HIR L7z, Zh HOREME 1,500>900X 6 mm
ORI TR & 5T 100mm o FIL % VP A TFLORNC VIS £ 27 DTHh, 2D
5 PRI AN D Y — £ & o8y P OFETICHERE R ON 2D b0 Tl H, KllET & L THi4 DSk
M HRBHA, O TR 42 RUCRT S0 OB BERAT A L& Uiz, HEFLD A3
B, 7 — 2 %EH 28 Volt ik 130 Amp (3 3 A2 150 Amp) K]l 2 mm/see, Rty
o B17 (451, 2@k 4mme, 53 @5 mme) TRIELIT DM, AT Rk L Gl
LR L, MIEASEAICHRE TT OB ROMEFOREL4T £ 91 L7,

(27 SRS HoE

&R B REER, BB [T 35\ CHRER M R 0N W & B AN wire strain gauge (£

. 98 —



‘ 1500 ——
) L-4OO 700 400 -~
"% V- ve
= ~lgroo
-0 / ,.9
s Y aw)
OO
L
L
- !
Specimen C
f——— 1500
('D '*400-.“250{- 450 —= 4.00 -
Sy , V- igroove
T !
oo
&S (
Ll _ _
S I i
i

SpecimenD
a5 41 R figHiEER ) o
Lo «D”

17y

SEPEEE 9.5 mm) & WEAT v 4 il D RIS ) %
LR B 18,

& Residual stress &
s L 7c IR ObbiRAE R

Locked-in stress #%5E L,

B ko sl ko o T
Residual stress #3E L72,
wire strain gauge [ZE0ER)
WAL,
(¥ 25X 26mm

45 8]

DT DAY a3 45

FokE s
EN i I RGN N P
DEE
BRI DR
M 4 3 43 1~ 45 BT SR,
F7UY 46 IR [
D & D iR ¥ A d
A DR AN DY AN Yy LA (e
’; A 7 i F

BNy il

L7153

gtk il TEEIN SR 7{:7‘1’;“

WHZAL 725 D TH

Zo ORI V= Fan

F 0> —SENE B — R 7 [N e a8

kg/mm?

stress in

C—1 c —2 C— 3
[ | i
L leag g2 Vo 3 4l 4
X X | X X'l X X
JL P8 E 02
Tos v 00 v Y
D-—1 D —2 D—3
Y| Y Y
Y,Z Y,3 300 Yf

Ay 42 Y

B «C” Ly “D” o

T DN
MWEE Lz Bp 828 |l ¢k Locked-in stress

A1 ]

N
0 ~a
7N

1

30
20
10
of
-10
-20 ]
~lipoH~—
—(— Longitudinal stress
—A— Transvmse stress
5543 [ B A-l~A-5 -
DT DR Lo SRETE T

A
S

— 29

9 AL B GR C

BIIBTRG TUIE L AN &

FIRH IS
~ A ~8—=R_
E AN
ST S
o 0"’5&" ~a_ . — ~)
=R ~ 1.
A —— 6 4 7 5 8:_
z 2 3~
-
fn Hoomnb-
O ]
Longitudinal stress top
(D) e 7»  bottom
U ‘ ——— ” mean
Transverse stress top
CCA e »  bottom
——— A ——— ” mean
A4 BB A6 Iz
ca)k“'é&“%'ﬂ_LaW&

BTy
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30 T —
2071/
|0

et

S

O .
-0 Cp 10— 111 by iy
2
£ 5 54 Weld wels
£ == e .
B eEel ] \ r |
ol
Y N
0 . G Jx i
2 0 o | Nox
Z B A |
N e 0 0 Z VAN
= == 6= :E: / |
40 -5 \g j——— s T —— S
I e e @y () b
20 /. AN Stress distribu-
Ig _/\-\A//A Stress distribution along the tion across the
~10 weld line weld line
|
05 - 46 [ IR R
20 //‘D\o‘ N
|G
N
e
-9 o
s —————,6 —
— r73' = 34 —

—(O— Longitudinal stress
—»a— Transverse stress
oy 46 [ A B-1~B-4ut0

WO L DIR RS T

HEALHLDE LTRO BN/ HIZE - F aﬂw,;,, -

LEUZE SO OIS INEAEE Lt D T v B
2% EPNCEAE SN C = ¥ O Tl LT L A0 TH LMD, IO EEBETLL
TS5 RS T AT 46 Ko SHTHRE & 5 it & e B L D &2 Hivs, LIT S ORIl &
FEERIALE I L THE RO T RS, |

(1) RN A-L GEERY — )

S OERFA IR o 3R e GG A iy 280 mmy)
Wixdv/c, 2o AT L CE DO/ 5 A A , AL 46 B (b)) o
Tili L7z 35 sec BNZULIZETS Lo & — FAis Dyl
546 14 (b)) OIS L Ui A LD EH 2 B, SO EHH—IZE— FOMA
FHEE E olE — KM E LT, 0RO b RIS Sl T E, E - YOHE

I 2 00 72 VTR 35 see i

ORI E L —F L Tuwh, Ttk

WEMRTELLDEMSEND

(1) A A-2 G

= 1L M0 2 OfERL ’1{‘“’,’fxuljJGj\fﬂJ‘O):%F;oi'Yj B — VOISR AT E T 2oy
E2(DOBEA RS2 T LA S, fok — FADEOK AT oOw HbEY 40 mm) 124
7= 7 OYNE 5B A D THFRD & 9 R B, DIV OB O R E <



WO S b s

(M) GBI A3 (#3%)

Cm NORER SR & ORTTRINMAZEE R DALY, Afke LTH 46 11 (a) oBEmlig s &
AR E LT By 2 OBENEWIA T v A5, TR i O LA & 9 454~ (10~20 sec)
2D DD 5

(V) SR A-4 (ki)

IV AT ORI T B0 F b E—F (1, 4) KT (3, 5) #—20RIE Lo
WISTIS AU E4 2 AN LA L T By Z DFERISTI D IO A BRI R L fe 1 —
P4 RS DISSEPHE 2o 73R H LD DB T ST DR 117507 0K & Fe D Thich:
T ISINZIMAR R LT B2 e Th B,

(V) FABRK A-5 (Fusare k%)

C— FORHE DO TR RIS I 05 AN 46 B (a) ORERIER L & Bl EE AT L
TV Do BT RIS T T~ TR ) & 750 T B BENIRWI T 5 45, BB Ol 9 0
WHHIE DB D TR AL B L T2,

(VO Bl A6 (W76 mm #E D4 aket)

REENEA R0 DM AR (#) 5° ORIV AEN) &4 U0T, FHCRREHORST) 5 L
7o MRS TN ZEIERINT & A A0\ A5, A0 T5 [0S )V 38000 T 1 — R RS 4y, WE ©
WIS T & 70D T B Ly LIRUCHTE 0O P45 TS (5 44 IR0 sl B & iz
FE LTV D, ZORRBRNCIE 2 WIFT ORISR 215 DR E D, TR DAL AR K-

Al DEFZEF L RV, THUE 3 BEEL T, SRERN 2 OIRIE AR Y EF LT,
7 7 TR ORAE A0 DIFOMDEIA KL TICF L TW VW e e X Db, & fkdis
TSI LI D THIRIA LT 2o ZOMIREERIIT A5 Th i bhr, -0
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