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ABSTRACT

A Study on the evaluation of residual stress characteristics of weld
joints by effect of constraints with high-strength steel for offshore

structure

Dachee Seong

Advisor : Prof. Gyubaek An, Ph.D.
Department of Naval Architecture
& Ocean Engineering, Graduate

School of Chosun University

Recently, due to the depletion of marine resources, interest in the extraction
of marine energy from deep and deep seas has increased, and the installation
environment for offshore structures is moving to extreme areas. In addition, as
oil field development expands to about 1000mm in deep sea, the installation
environment for offshore structures is getting worse. In order to properly
instal | offshore structures in the use environment, it is necessary to develop
high-tensile steel for offshore structures and to develop appropriate welding
technology. Since steel materials for offshore structures are different from
ships and installation environments, they are mostly of a fixed type and require
stricter quality. Welding is a core technology that must be used inevitably in
the manufacture of offshore structures, and deformation and residual stress
occurring during welding are well known as major factors causing various
problems. In welding technology applied to various industrial sites, control of
deformation and residual stress is a very important issue, and it is a task
given to all structures where welding is used. In particular, since residual
welding stress adversely affects fatigue fracture and fracture toughness,
efforts are being made to control residual stress. In this study, the residual
stress generated during welding of high-tensile steel applied to offshore
structures was quantitatively identified through destructive, non—-destructive,
and numerical analysis. To investigate the effect, the residual stress
distributions were evaluated under various restraints.

— vii —
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First, butt weld joints were fabricated under different welding constraint
conditions in order to understand the characteristics of the welding residual
stress distribution according to the influence of the constraint conditions by
varying the constraint conditions of high tensile steel for offshore structures.

Second, the welding residual force characteristics of fully constrained and
unconstrained specimens were evaluated. The destructive and non-destructive
methods were applied to evaluate the welding residual stress. As the fracture
method, the most widely known cutting method was applied, and a relatively
recently applied contour method was applied for mutual comparison. By applying
the neutron diffraction method using Hanaro as a non-destructive method, the
welding residual stress in the thickness direction as well as the surface was
measured. the FEM method was established by comparing the experimental results
of the welding residual stress distribution according to the influence of the
constraint conditions through FEM.

Finally, it is judged that the distribution characteristics of the welding
residual stress according to the influence of the constraint conditions can be
grasped through the analysis technique.
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(K)[U] = [F] (2.13)

K= (1878l v (2.14)
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Fig. 2.12 Ellipse heat source model
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Table 2 Mechanical properties of E500

) Yield stress | Tensile stress Elongation Charpy Impact test,
Materials .
(MPa) (MPa) (%) -40C, (J)
E500 529 646 19 249J
3. AIEEHH&
b, X2 AIEEHME
MBS HEH E BERUMe 958 Hse2 U2H UHEUH, Sol s&8&
FSal HE2 F52 S0 Oetd TOE Ass g A2z ol HoA 2 A0
ANe 275 ME 2HHP2S AEHE AE822Z2 MHEo s L 2HFHO
a2 ZESIQL. AEEH2 HEUH AMSE SEMEZsE HYFPESE ES002Mu 83
Moz AMNEE= ANS A5.29 E91T12l &2 EEM=E HZ0IRULt. EEMzS =N
A& L JIAHE HE2 Table 3, Table 401 LIEIRCH. SEMZ2 sS=s2dc= 2 O
Hl 2F 50MPa & =2 580MPa 24 OH& =2 GIUCH. E2EMEZ 2 oIEAT= 650MPa,
Halz 20% QUCH. 2 PS AISEMES st MEEHS AIOIX= Fig. 3.10 LIEFW
o, &Z0| 400mm, = 150mm, =M 25mm, JH& 2 20 45° | JOHAEHAES V-groove
OlH, FEUHUZ2 4mm2 St AIEEHZ HIEOHULCE.
Table 3 Chemical composition of welding consumable (AWS A5.29 E91T1)
Welding consumable C (%) Si (%) Mn (%) P (%) S (%)
AWS A5.29 E91T1 0.06 0.29 1.23 0.007 0.008
Table 4 Mechanical properties of welding consumable (AWS A5.29 E91T1)
i Yield stress Tensile stress Elongation
Welding consumable
(MPa) (MPa) (%)
AWS A5.29 E91T1 580 650 20
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400mm

25mm 5 - | .
150mm Lk 150mm L3
150mm Root Gap : 4mm
Fig. 3.1 Groove shape and dimensions of test specimen

Hdel A GHUREES HE Al AME2DHEeE EEZ=ZMHA = FCAW(Flux cored arc
welding) 2 SAW(Submerged arc welding)Jt LEIMOZ ZEH AIE2D D UL 2 AP
= 0l SUHA JIE HEX oz AMMEED1D Us FCANE HEZSIRUCH. AIFEMEN ALIS
=l FCAWS| & X2HE Table 50 UEIWCH. M= 2Hzk2 15kJ/cm 2 11 pass,
6 layer2 = UCH. S A= 1G(0IHED])Z JIE BEAQ YUHS &*%8}9"19
M, S&E2A0/02 HA2 1.20E Aol D, BESIIA= 100% CO.2 AIE6HRCH. &
HPE AMEHS PHxH L AT CHolMe= Fig. 3.200 LIEFUCH. (a)= HEE
o BBC ANMRAEZ2 OI”U L, EEA €2 o AHEY SXE ot A1z2 &
S 2¥s MAHMBIYCH. £, (b)et 20| = SUE H= =0J] #otH steel
backing2 &0t EZAEHZS MESHIAL
Table 5 Welding conditions in used

Pass Current Vol tage Speed Heat Input
Process -
No. (A) (V) (cm/min) (kJ/cm)
FCAW 11 270 30 32 15

* Welding Position : 1G
* Wire diameter: 1.2¢
* Shielding gas : 100% CO2
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(a) constrained condition of constrained weld

(b) steel backing condition of constrained weld
Fig. 3.2 Constrained and steel backing condition of E500

2N FAE AIEEHO Macro ©H
30mm OI04, FCAW OIS82 &

o
o= 6]
qERo =2 of

oF 4mmOICH. 2282 AlgH
SMES Fig. 3.400 UEIRT. 2872E AISEH2 st
SEASAEHUNA EZS AAIGIRI] HE0 =28
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Fig. 3.4 Angular distortion measurement of constrained weld

Lt. 2&THI2S AEEME
ANEEHMZEU ALZ2E E”‘*XHEE 2N AIEEHO mg%r
4 4Z2 Table 3, JIHE 2&
=SU& 580MPa, AT 65OMPa, HA4&IE 20%0!1Ct. %Btil
ALOI ig. 3.10lA 20l 20l 400mm, = 150mm, M 25mmOICt. JH& 242
45" , HEE A2 V-groove, FEEAHZ 4mmOICt. 2&HIFS AIE@EHO 2T A
Table 50i LIEIRICH. &&H|75 AEEH SEHIZNAE 2AFISH AEEHY S
FCAW(Flux cored arc welding)E A Z0ICH. & 11 passES X&SIULD, 15 kd/cm
Ust oz SHS NHSIRULE. EH XA = 1G(0tHED]), EEHA0HE 1.29
E3ItA= 100% CO.E AISSIUCH. 2&HIPH AIEEHO = 2 BATHe
Fig. 3.50i Lt P‘-HD Fig. 3.52 (a)OlMet 201 HER 2 ZH tag B
Z A8t XS GIACH. Fig. 3.52 (b)= BHAMMZ AHEEH ceramic backi
FARCE. EHI;l¢ AMEH2 macro +HE Fig. 3.60 LIEIXICE. = &8
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gyw

Fig. 3.700 LtEFRICH.

P 3

(b) ceramic backing condition of Unconstrained weld
Fig. 3.5 Unconstrained and ceramic backing condition of E500
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Fig. 3.7 Angular distortion measurement of unconstrained we

ld

M3E &&= SIllD| 0|8 R2 SJ4ZRSEH FX E4
. Boeol o8t @582 =5 2
YN st SEAFSSEZE HSot)| ot 15 & 25 AEHCHOIKNE AL
OIACH. 25 AEYIQIHOIXIL HE= Table 60l LIEFSHCH. AEHICIHOIX Z0| 1mm,
Z (0.7mm, backing Z0I2t = d4.5, N& 120Q2° MHIAS 2= AEHQAHOIKNE =
25I2AUCH. 1= 5-elements AEHICIAHOIXIS BE= Table 70 LIEFUCH. 1= gr&r(l
A 52l HOIXNIE Sot HAEX5XHO HEE =HO0| JtsotCh. AEHAHOIXILl 20|
imm, = 1.4mmOI, basel Z 0| 12mm, = 4mm, H& 120Q, HOIAI2t2] 2+ Pitche
2nmO|CH, &Ml At=st AEHICITHOIXIS MRS Fig. 3.80 LIEFSHCE.
Table 6 2 Axis strain gauge information in used
Basic type Gauge L Gauge W Backing L Backing W Resistance
FCA-1 mm 0.7mm 4.5 4.5 120 Q2
Table 7 Uniaxial 5-elements strain gauge information in used
Basic type | Gauge L Gauge W Base L Base W Resistance Pitch
KFGS-1 1mm 1.4mm 12mm 4mm 120 Q 2mm

Collection @ chosun




-

yIOHM._.mu\nWHHOM
C ol I8 £ 35 =2 = —~ = 3
mﬁJZf?ammamgmwz
) S <= o MRS w e oo
= ol_wew%mmmnmvma.“&(gar
- a%zg&@fasgugmm%;
© E_”M|meuo5_§mm, MM_L.._SLl.uruAl
— <l = = xJ H < o 0O K
@ O e s 7l
2 5 F 2o ol = 5o
= O T T o A M=z ) =
g 2 N éﬁ_:mﬁwo_rréruol___of.
[} o_EAE._ ﬂw|m.omtu.___o_.A_Lﬂnw_.__mo|_L
> £ RO gl = 2R ST Ty 20 =X 5
s K = o X 10 Ol §ﬁ|ﬂwo_=_m R =
2 K Zor OF 2 E B0 SRR R g
2 a Mool ol om0 gn o B TS oo ©
2 w0 SE WYY R kg <
52 Dxﬁo_mu__omm44A|E_ g
& = W 20 50 R RD o W2 oz o
S g &%%%.mﬁ%%%%&ﬁ@agolﬁ
3 M KD ar 1oy F;m |._|._|_||r,|~am.__|/o“_o sl mﬁ_u R
SRS 00 go B R meAM__am%_zl io
> oJ_ro_ZE__d&_ME& of W0 3
5 o mEED =Dt R3 BB g = o
o ﬂm_yqo5__o++nuo_omo__omoa$__too
S & goéaW%MD%anJ__A_ﬁ%&m_:.mo
S ® o za = Ch g <m WD
& c® 5 =0 RU o = KR o n
B o= . S 30 & o] = g - ol =
el S o S R g - 300 maﬁimtogm
Z = 0L ) N ..m.__._WF.&E._am;mwu__o
@ * m:LIH__IEal__._DIINI__OllrUD:\_U'o__O%
- ELQ%Q& S S w535 U<
3 < o [ e HmMomo_. 2 m omw —
|9|r_._..N_|_u_ .r:.__u_rO S|m w0 W o aU
SN ol - o D ﬁwo_mell 0l0
E NI | K |O=__.Amo_L_w|,
= A IR <TywTsrg=g fo B0 WE o
= W owmd ||E_,m%+__+omo&u_
< ﬂﬂ%rﬂﬂﬁmﬂ@i%&ﬂﬂ
E___._ - zl 0 © _kmu — ﬁo H:l ol ou_o __E
=S o ¢ = g 8 o RT R
R IF = g s T N | I
J:ultom_ Mmol_Zm,E_Em o 9
&mﬂmom_:_amahgmuﬁao_&;____ooﬁ
Thmiw w308

- 30 —

Collection @ chosun



Fig.
o

nE
=

00
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Fig. 3.10 Cutting process for measurement of welding residual stress with
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| Cutting

300mm

25mm I

Fig. 3.12 Schematic diagram of cutting process for contour method

Table 8 Wire electric discharge machining, Conditions

Wire electric discharge machining, condition

wire dimension

0.25mm

wire component
brass ( Cu 65% + Zn 35% )
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Fig. 3.13 WEDM cutting process of constrained weld specimen

Fig. 3.14 Constrained weld specimen by contour method process

5,533
(Avg: 75%)
+4.83%92+02
+4.212e+02 Y
+3.586e+02
+2.959e+02
+2.333e+02
+1,707e+02 X
+1.080e+02
+4.538e+01
17252101 | Model - E 500
2 e+01 =
214256402 Elastic modulus: 206,000
-2.052e402 Poisson ratio: 0.3
-2.678e+02 Element type: C3D20R

Fig. 3.15 Constrained weld residual stress distribution using contour method
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Figure. 3.162 (a)
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Fig. 3.18 Neutron diffraction measurement of constrained weld free specimen
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Table 9 Incident slit and detector slit Conditions

Incident slit Detector slit
size 2X2 2x10
=S SIE ZAHN OE TIEDY = EIF J=s 20/Z2 Table 100 LIEWCH. &
2l SHAE ctA )| (bend perfect crystal monochromator) Si (220) At2dt0 2ZH4Hs0l
ZAQl take-off angle 45° & 1.46A2] IIE XAHES A0t CH SAXI s g
SO 22H detector MRS A& = 77.6° OICH. =ELXSIEHN Qs 2P A|lET
o 2+ HISHYAIS 2EXMNFESE DES Fig. 3.2000 LIEHHY D, AP A EHO
SASIAEH =FH I25ES Fig. 3.2100 UEIWC. S8 MEsH(Longitudinal
direction), S MRS Transverse direction), HHEMHEE (Normal
direction)0ll &H AMEEHES AX8 20 SHEXNE SHAIAHA SHolUC
Table 10 Ferritic steel(low carbon steel, bcc) conditions
Monochro- 20, Reflection | 265 m Dret Di;
A (R) Fom
mator (deg) plane (deg) (mm) (mm) (mm)
Si(220) 45 1.46 211 77.6 82 65 21 53
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Fig. 3.20 Constrained weld specimen by neutron diffraction process
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Fig. 3.21 Constrained weld stress free specimen contour method process
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Fig. 3.35 Constrained weld specimen by contour method process
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(c) normal residual stress distribution
Fig. 3.48 Unconstrained weld residual stress distribution of FEM
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Longitudnal Residual Stress, o, MPa

-500

-400

—l— Cutting Method
~@— Neutron Diffraction
—le— Contour Methed
——FEM

% T ¥ T * T T
-120 -100 -80 60  -40
Distance from weld metal, mm

T
20 0

T * L. 0 3
60 80 100 120

(a) longitudinal residual stress of in surface + 3mm

Transvers Residual Stress, cy MPa

—— Cutting Method
—8@— Neutron Diffraction

—§—FEM

T T T T
-120 -100 80 60 40 20 O
Distance from weld metal, mm

T
20

40

(b) transverse residual stress in surface + 3mm

Collection @ chosun



——Neutrcn Diffraction

—§—rFEM

700

600 -

500

-100

-200 4

-300 +

=

400 4
300
200 4
100

B4 %o 'ssaig [enpisay [EULON

-400

-500

60 -40 -20 0 20 40 60 80 100 120

-80

-120 -100

Distance from weld metal, mm

(c) normal residual stress in surface + 3mm

Fig. 3.52 Constrained weld residual stress o,, o,, o, of surface + 3mm

by cutting method, contour method, neutron diffraction, FEM

=8

ol
=Y
60

4

KJ

ol

i0J

Ok

fil
R
o}

0
kKo

il
RO
KIr
Ar

o
70
ur

H
IH

010
Uk
Kl
RD
0{0

i00

3.530 LtEHRHCE.

12.5mm <

83
110
IH
Il

EEEL

PSS,

S0lA SF 380MPas

pS|
=

00

Ju

FL+100mm Oil Af

FACE.

110

O, FL+25mm DHA

=)

—_

E]
Rl
RO
K
ar
010
Uk
KJ

i

I

J
e}
0lo

63WPasl &t

M, FL+100mm M= -

HotR2

[

o
0l0
[
KJ
KO0
oJ

ot 540MPaZ

ST

X

Ik
RD
iy

=
Rl
RO
Kr

Al
0l0
IS

-

KJ

o]
ol

fill
RO
KIr

i

3

KIr
OF

ol
00

KD

12.5mm < X0l A

LEEHRLCE.

ST e

HoZRH

=8

Ju
A

I

Bl
0I0
Uk

.

KJ

i00

A Xld
T/ o

il

-

O| =2 XK
— Syu

|I—H:H
=g

2

EX=PN;

==
S =

H

00

IF
qr
o
RD
00

9]

oJ

0l
i

Ki
RO
=
il
R0
i

olo

H
jild

00

OH,

33
s}
H
IH

0lo

i00
30

ol
KD
00
Kio
)

0l

010
UE
xd
00
0

Collection @ chosun



(c)ol K

FALCH.

l[e]

I

£ 0l

| SN

0l0

e

oIy

2CH o 200MPa & &2

(@]

oz 12.5mm X

ST a

-

0l
gl
H

Ju
H

i00

0l0
Kl
KD
00

KIr
OF

H

UL,

5
e
I

L= SEHO0

ot

2 2f 100MPa Ol

[
=

| =

d

ol
né

=]
Bl

fill
<
ol
i)

OF

—_

=
il

010

I

o0
0

Uk

T

w

I+

0l
&l

—ifi— M eutrcn Diffraction

—le—C ontour Methed

—§—FEM

-60 40

700

600 -

500

400 o

300 o

200 4

100

=

-100
-200 <
-300

o
=]
i

ediy %o 'sseug |enpisay [eupnyBucT

-500

40 60 80 100 120

20

-80 -20

-100

-120

Distance from weld metal, mm

(a) longitudinal residual stress in surface + 12.5mm

Collection @ chosun



—f— M eutron D iffraction

800 - —fp—FEM

Transvers Residual Stress, sy MPa

T T T T T T T T
-120 -100 -80 60 -40 -20 O 20 40 &0 B8O 100 120

Distance from weld metal, mm

(b) transverse residual stress in surface + 12.5mm

T00
] —@#— Neutron Diffraction
600 —§—rFEM

500 ~

400

300 —

200 —

100

=
-100

-200 +
-300 4

Normal Residual Stress, o, MPa

-400

-500 T T T T T T T T T T T
-120 -100 -80 60 -40 -20 0 20 40 60 80 100 120

Distance from weld metal, mm
(c) normal residual stress in surface + 12.5mm

Fig. 3.53 Constrained weld residual stress o,, o,, o, of surface + 12.5mm

Yy

by contour method, neutron diffraction, FEM

Collection @ chosun



ol

=
Bl
ol
al
010
Uk
K
KD
o0

ol
I

00
10

Uk

D

I+
ol

g

[m]

H

ol
Bl
00

4

Kl

ol

0

ol

KD

00
0

-

Al

Fig. 3.5401 LIEHSICE.

22mm < X|

gt sk

| JefZ= HEHCZRH SN

O

(a)

EotALt.

A0

EX=PN;

Sur face + 3mm,

HSS LIEtRICE.

KD

ol
fill
Rl
o}

0l
fil

<

o)

LHE

i
H
I

ioJ

12.5mm2t = At

H, Surface + 3mm,

OF
=

0l

Rl

et

THEHEICE.

Ol HlwesE OL 0ds0l Us Ae=2

E e

Ofl 24 2t

e}
™3
ol
P
Rr
E

0l
i00
RO

Ol
o
010
nE
KJ

o=

2 5

i XtOIJF &
22mm 2| X Kl A

LIEHRULCE.

019l

==

=
=

backing

BH SHEE

gozs

H

JU
H

ol
(H0

fr
010
UE
Rl
RD
o0

KIr
oF

=

| 1

O

oll
JI0

xr
IH

E

i)
o
%0

ol

22mm 2 X0l A

B OSHE

oz R

H

O

=8

Ju
=]

=222 surface + 3mm, 12.5mm

ciel 22 U0AE end tap

steel backing=

M [51],

al
=<

=
=)

tLHZD RUCEH.

& =20l
ol A2

=
[—

010

oll
5
Pl

oI
RD
010

9]

010

ki
)

=]

Jb LIEHSECEH,

700

H
It
ol
olo
Uk
KJ

E

—de— Cantour Mathad

——FEM

—f— Neutron Diffraction

-40

600

= =

(=]

=
ed %o 'ssang |enpisey jeupnyBuo

500
400
300-
200-
100
-200 4
-300 4

1
=
=

|

o

o]

(ry)
T

40 60 80 100 120

-20 20

-60

-100 -BO

-120

Distance from weld metal, mm

(a) longitudinal residual stress in surface + 22mm

Collection @ chosun



—@— Neutron Diffraction
600 - —§—FEM

-200 4

-300 4

Transvers Residual Stress, cy MPa

-400

-500 L % 1+ E © T F L @1 * T = 3 = F = T 7
-120 100 -80 60 -40 20 0O 20 40 B0 80 100 120
Distance from weld metal, mm

(b) transverse residual stress in surface + 22mm

700
o ——Heutron Diffraction
500 —§—FEM

500 <

400 o

300

200 4

100

-100

-200

-300

Normal Residual Stress, oy MPa

-400

-500 T F &L F Lo T F L F & % of F % bt b7
-120 -100 -80 60 -40 20 0 20 40 60 80 100 120
Distance from weld metal, mm

(c) normal residual stress in surface + 22mm

Fig. 3.54 Constrained weld residual stress o,, o0,, o, of surface + 22mm

v

by contour method, neutron diffraction, FEM

Collection @ chosun



I
[

fir
010
UE
K
RD
o0

ol
IH
Ik

.

~J

Ul

= Al

&+

)
Ko

fill
RO
KIr
A

Fig. 3.550 LtEHAUCEH,

=
=

LIE}

=2

=
o=

A

| JefiZ= 5¢

o

(a)

ALk,

3mm I X 0l A

Sk
S

H il

0

Wgto = surface + 3mmUl Hl

24
=

=k

KIr
T

[l
I

0l

otRALM, FL+30mm Z2H0IA

iz
0

IH

fir
0l0
Uk
KJ

KO0
ol

)
z

-
KD
o0

83
110
IH
[

Al
0l0

KD

0l

K

-

=)

500MPa

ol

or
0l0
KO0
ol

|.

Ol A =ICH

-
KD

q

Incident
=XHoIRCH.

=

0] ZAotH FL+40mm

oA A=t

4

=

O, FL+1ImmOl Al <F 300MPa & =2l
S

FO4 Surface + 2mm, 3mm, 4mm2 d-spacing

[¢]

I

I

Of Jtt2 Aelol &= 20t

=

-370MPa 2
It 2x2

—/

ot

S20

slite

0

—_

E)
il

0J
Rl

H

[w;

W
a

=¥

e}
oJ

0l
20
il

ol
60
i)

-

nl
I
s
il
or
0l
Il
KJ

-

oJ

M 2tEdl -

T
1

0l0

|
10!

KJ

ol
xr

-
1o

io)

ol

a)
o0

4

=
[

O

S ™ model

[e]3
s

ry

ol
T
[
KD
({0
ol

0l0

ﬂ

Ch=XIXl

HH

FXIEE, FL30mm S22 0IA2l B0l Cha

S AtG

g

oE, Ssdits

t

S|
=2

Ju
H
il d

oJ
Rr

SetRAYO0| Surface + 3mm XI&2| 21t

’

[=3]
=

-

KIr
Ar

DS
o

83
110
H
[

ar
0l0
Uk
KJ

KO
o)

0l

-

X

ol

A

ol
HH

]
0l
ol
ol
i00
30

[l
H

3mm 2| XI 0l A

3

o

S

(b)Q delZ= THORLH SHE

H, Surface 2t

0l

010
S

K

KIr

il
010
Uk

_

KJ

00

LIEHCE.

X0l E

Surface + 3m 4FS

KIr

—_

Hr

Collection @ chosun



700

600 -
500 -
400
200 -
200
100 -

]

——Cutting Methed

—@—Neutren Diffraction

—d— Contour Method

——FEM

-200 <

-300

Longitudnal Residual Stress, o, MPa

-400

el B

-500

o
-120 -100

T
-80

T T T
60 -40 -20 O 20 40 60 80 100

Distance from weld metal, mm

(a) longitudinal residual stress in surface + 3mm

700

600
500 -
400
300 4
200
100

0

—fl— Cutting Method
—4— Neutron Diffraction

——rEM

-100 4
-200 +
-300 4

Transvers Residual Stress, cy MPa

-400

-500 T

T T T * T v T 71
-120 100 -80 60 -40 -20 0 20 40

Distance from weld metal, mm

(b) transverse residual stress in surface + 3mm

Collection @ chosun



700

= RO or I <F
trr o IU A B0 0N RO S
ol il 0 @ 16 A 00 X0 o IFo AW o _ T
= D0 33 I 00 Nk KO K = 4 D _ gl
e e T T S g W
& _%_%:T%Emmol.azﬁmmo%o_owa;_om
+ Rl 0 X R M._ ol RO m e 3 W uE °f oo pE B
S = RE g aoml____x_ﬂ|Amo_&meﬁ&m_
ST 00 %o A o Du o} Ar EO_ S H® 3 R g R _._MI. i
= > < o] QB3 I S == 010 50 ol
« » 5 Ar o Nk &3 Ao.x_____ﬂ| 0
- ST B R LD s S g %50 o7 @
: 8 g ° % W RO Mmoo MW Mg B
: : < ¢ Z m_o_::__g_omz____m__dmﬂ%_ﬂfbwrxoﬁwpﬁ
£ = i K
: = ma_wn_I_ﬁaﬁmwgwoﬂoldgoh__ﬂom_%n_ﬁm
mm r % o O _.____._ i) __l o_o mr Bo .“_.u.E X0 O_H O_._ HE ﬂA.M = _|_ m_l !
R rrOF e 0 1 R KR 0 R0
t _E 5 ¢ 8 m%o ol a A ﬂﬂaol,ﬁaﬁﬁ_x:
= = |I’L| o o I.IylA =
-4mmww M%M?momm@mm.%gl_oww___mmaﬂ
o2 — o < M TR RN R
|N.M » = S W oRD - [y |_ArH_ KIr T ﬁ_.w__m = 0Ok w%_\ or P Kl KD m__m
.|SSO - =T — O — S ﬂo
s 3 O ol g Ar ] 00 o KO o MW
e E S — S g 00 3 -0
£ T o o rorﬁaxiol_:émm_MUaﬂaﬁ o_o__x_
5 © 3 E %o 100 o . < s S Mm_v K 7 =) >d w_m T 1 100
"8 T g 5 W%ﬁaﬁ%wuauool,u__x:aoﬂmmﬁmo
¢ s © -~ S :T#:ﬁ_o_o4ndoMFoldmﬁm_ggpl RT
- R I Cr w9
I ] — . o —_ |
g ° S g 8 wumagomﬁmmagﬁﬁufﬂm%ﬁ@
i = 5 S =D . = R = _ T RD
s £8 5 g X __F%__wwa_auo__namw_mmr.g
s £ = EE@%JMEE@MJ%@@ =
L S T o U|HO|.J e = 10 o0 = MMJ
-8 S E oo ol,w__%w_wwnﬁzL&MWEMM%ﬁ_ﬁamE
g8 — 2 = m_%o_agogmmﬁ_p:cmu = _unﬁ
sy T ____.n_uUU‘_u e = a_”_.._.m R E R _nngmm_|MoL|u:O
gE88888°88¢8¢8¢ 5 3 M3MWﬂmm%mmgw_%%%mam
@ m T M ™ ! o) g ILI1 . ....HJ@.._@. I.IL.O
e %o ‘ssag enpisoy juwioN S HEEREIE TE=zl e e © o
: I_EOﬁoTxa,F%mueel_i5ﬂz%u
D0 = = il = N R L
o . E .o R = S B3
= H_Dm,m} SR ) w oA
w %EEEEQEE@Dmﬂmaouc._ﬁ__o
TSNS S (=g >

Collection @ chosun



Al

0l
A

0l

I
[

Al
0I0
Uk

.

i

-

ol

0l
Rr

o)
K]

I9)
ol

ol
6]
i
ol

X

00
0

Kl

ot 2L 0IA

=2NMY
Sue T

U
x

i)l
Kl

10}

0

Kto

LIEHRLCE.

ol
(H0

fr
010
UE
K
RD
00

KIr
OF

KIr
&

It

Bl

0l

ki

ol

010

=l ontour Mathod

—§—FEM

—i— N eutron Diffraction

120

-20

60

700

600 -

edn Xo 'ssang jenpisey jeupnyiBuo

-500

20 40 80 80 100

0

80 40

-120 -100

Distance from weld metal, mm

(a) longitudinal residual stress of in surface + 12.5mm

Collection @ chosun



700

600 +
5[]0-
400-
300—-
200-.
100-

0

—@— N eutron D iffraction

—§—FEM

L 4

-100 4
-200 4

-300 +

Transvers Residual Stress, cy MPa

-400

»

-500

T T
-120 -100 -80

T T
-60  -40

T
-20

0 20 40
Distance from weld metal, mm

60

80

T
100 120

(b) transverse residual stress in surface + 12.5mm

700

600

500+
400 4
300 4

200
100 —

04

-100 4

-200 +
-300 4

Normal Residual Stress, Oy MPa

-400
-500

Fig. 3.56 Unconstrained weld residual stress o,, o,,

Collection @ chosun

——MNeutron Diffraction
—§—FEM

T T T
-120 -100 -B0 -60

T T
-40  -20

0

40

T
60

80 100

Distance from weld metal, mm

(c) normal residual stress in surface + 12.5mm

by contour method, neutron diffraction, FEM

120

o, of surface + 12.5mm



Al

ol
fll
0l0
1]n
KJ
KD
00

ol
I

~J

2 22mm X

SHYEo

sl HHUA

= AE

tagals e
tgts Fig. 3.5700 LIEFUCE.

00

2F
=

00

22mm 2 X0l A

OlA 2f 400MPa & 22X =Y

N
=Ho/

= Al

M7

JtotALH.

[JF FL+30mmIt Kl S

2o ge

0l0

=
TT

190
B

)
Rl
G

Surface + 3mm2t HI WS <F 90MPa & =2 2l

KA

Ik
RD

0l

RI

ol
10
K0
KIr
Ar

=

= FL+20mmIHK

’

=
-/

i00

22mm < X ol A

I
IH

20l

0l0

JPSESES

2A0tA LM FLH20mmOil A 100mm)k X 200MPa

I
IH

0l0

22mm XA SEEH

Sk
S

BH SN

H

RI
<+
ed
z
00

ii00
0
XJ
KD
o
ol

gl
b0

SEHEA

LEEHLCE.

=2
S =

ur
<+
Kl

all
z
I+

RD
o0

==
1o

Root + 4mmJ)}X|

IS Surface + 22mm

(=]
T

gt
=

ot= CHE2H 2

-

KJ

i0J

Ok

—_

=)
ar
olo
E
K
i00
0
<k
vl
%D
o

0l
il
<
ol
i)

I
-

i

S
[y

=

ANEE=2

e
=

2wy 7

LEEHRULCE.

i
H
IH

0l
3K

Al
0lo
Uk

Lot

IH

FUEFSHO

FOd Surface + 3mm 220 A2

£ ME3

Ceramic backing

Rr
dr
&)

R0
B
=]

—_

K
<+

B

"
o’

Gl

][
00
30

ol

ol
Rr

ol

ol
70
ur

0l0

tRCE.

[[e]
I
IH

ol
010

RD

00

o)
20
oll

Collection @ chosun



700

p —&8— N eutron Diffraction
500 —d—C cntour Mathod
—§—FENM

500 i
400 4
300
200
100

0

J L $ro—o 4
-100 - / \

-200

‘E
|

-300

Longitudnal Residual Stress, o, MPa

-400

e e e e NS B e s B B e e i
-120 100 80 80 40 -20 O 20 40 60 80 100 120

Distance from weld metal, mm

(a) longitudinal residual stress of in surface + 22mm

T00
—@— Neutran Diffraction
500 =~ FEM

500 4
400
300 <

200

100

0 & &

-100 +

-200 —
-300

Transvers Residual Stress, cy MPa

-400

-500 4+————F——F———1—+—F——1—"—F——F——T——T———
120 100 80 60 40 20 0 20 40 &0 80 100 120

Distance from weld metal, mm

(b) transverse residual stress in surface + 22mm

Collection @ chosun



700
=N eutron Diffraction
600 - B

500 —
400 ~

Normal Residual Stress, Ogy MPa

-500 T T T T T L] T T T T T
120 -100 80 60 -40 20 0 20 40 &0 80 100 120

Distance from weld metal, mm
(c) normal residual stress in surface + 22mm

Fig. 3.57 Unconstrained weld residual stress o,, o,, o, of surface + 22mm

v

by contour method, neutron diffraction, FEM

Collection @ chosun



a

ol

)

SMH 25mm SECHO|

=
ju—

Ooff [

O Sk
S S

cC o
T =]

4

i
H
I
Al
0l0
Uk
KJ
R4l
00

[[e}

10

ol
30
<
of
o)

Ok

—_

=]
kil
RO
Kr
Ar

i)l
Kl

10y

X0

K0

il
0J
RN

o)

33
9]
i
IH

E

ICH 95%

s

CHdl

RD

=Y
b0

4

KJ

ol

ol A

H
il d

0l0

ol
0l0

i00

K

-

JJ

Kl

ICH <t70% @SS HEUA2H,

ES

f& OHYI

=2
-/ o

00

ol
=Y
@

MHE0A HlwH

[, 2L

ot

iz

I

STL0IA

ICH 20% & & SIUACH

ES

S25 iyl

|.

S
S

o

e
o0

0l

010
Uk

_

KJ

00
0

Uk

o

ICH 95%
TH =0l A

Chel =
tRD

0l

0lo
nE
=d

ii00

= ANEgHEe E84M

(2) S&HI+

]

’

110
IH
[

010

00

Ol
=Y
]

0l
Al
010
Uk

—_

KJ

00

i

-

T CHHl =

2t

ITH 60% & &ALt

s

]

O 30% S ERUALCE.

A
e

&A= 0ll A

=
[—

0l

gt

fl

fr
010
UE
K
RD
00

ol
Bl
@

4

Kl

ol

=Y
ib0

4

Kl

ol

Y
0

o)
60

ol
o0
30

=

oF
I
IH

o0
0

Uk

ar
0l0
nE
KJ
KD
0f0

3

-
1o

4dr

o)
oF

Collection @ chosun



2201 E500 ZHXH Ol CH

i

= GRUAE HYPES

DIE=

00

ol
ol
10

ol
Rl
xr
frs)
=
10

_

10

ol
Rl
160
<N

R
A

70
M

I
IH

0/0
nE
KJ

ol
g
%

RD

a

180
M_

Al

J

o)

o)

3%

o

el
~

o]

00
30

il

010

1}
n0

0
Rr

0
RO

ol

83
110
K
H

oI
M)

fll

ol

Kl

ol

ol
60
il

-

Al

ol
Y]
@

4

Kl

ofl

Ct.

ol

010
Uk
KJ
KD
00

ol
=Y
0

4

Kl

ol

steel backing2 &

et

It

Sk
S

00

3|
i

&
7l
00
ol
a)
il

4dr

&)

o)

P2
0

m

Al
0l0
IS

.

KJ

el
i

KD

ES00Z IHS et=2 L2

(4) S&HI+
(5) &&HI+

=S
[

= AMEEUHAL

g2 BHC=Z2H SN 2~4mm

0l0

A=
— 7T

-

HO| Ho
Ho| Ef 88

= A&

20

i
[

A

ZESEZMHANAM

ol
Fo

0
780

12 220]

ESJN PSP,

ol A

=
=)

il

-

n0

00

0lo

T
i0

g

= ANgEo &

(6) 2&HI+

Al
010
IS

—_

KJ

a

00

00

IH

KK

)

o

=1
o

Al
Ol XIHH = Ol ACH.

b 2ANHP S

=1
o

A

e
-/

Kl

ol

e

00
70
i
%D

AtSHA &

ol
0lo
Uk
Kl
KD
0{0

=
fall
RO
KT

fir
010
UF
K
RD
00

ol
=Y
]

4dr

Kl
otJ

—_

=
X
b0

4

Kl

ol

ZI CH

= AMgEo

5 2E

O
iy

= AE

1, 2x&H+

(e-]
AN

t

e

IH

I
K0
i

ol
fr
010
MUE
Rl
RD
o0

83
[[e}
IH
JIfg]

T

-
&l
I

Kl0
KD
00
Kl
®

Collection @ chosun



2 N2H

—

[1] Kim D.J., Offshore Plant Industry, Journal of the Korean Society for Power
System Engineering, Vol. 17, No. 3, pp. 12-16, June, (2013).

[2] Kim Y.J., Technology Trend of Offshore Plants, Journal of the Korean Society
of Mechanical Engineering, Vol. 53, No. 10, pp. 33-37, (2013).

[3] Hong S.1., SHLREE 20 AIEEUS HSHE, MIIMEA, pp. 38-40,
(20086) .

[4] Handbook of The Korean Welding and Joining Society, Volume 2, Construction
of Inspection (in Korean), (2008).

[5] Park J.U., Mechanism and Effects of Welding Residual Stress Mechanism of
Welding Residual Stress, Journal of the KNS, 22-2, 1-2, (2004).

[6] Kim J.S., Park J.S. and Jin T.E., Review on the International Joint
Researches for Evaluation of Welding Residual Stresses, Journal of the KWS,
23-6, 8-17, (2005).

[7] Jin H.K, Lee D.J. and Shin S.B., Effect of Distance and Restraint Degree
between Fillet and Butt Weldment on Residual Stress Redistribution at each
Weldment, Journal of the KWJS, 28-3, 59-64, (2010).

[8] Masaoka |., Yada M. and Sasaki R., Brittle Fracture Initiation
Characteristics of Weld Joint for 80kg/mm® High Strength Thick Plate
Steel(Report3) - Effect of Residual Stress and Repair Welding on Brittle
Fracture Initiation from Surface Notch in Fusion Line of Welded Joints, Journal
of the Japan Welding Society, 44(11)-914~9230, (2010).

[9] Masubuchi K., Analysis of Welded Structures, New York, Pergamon, (1980).

[10] Withers P.J. and Bhadeshia H.K.D.H., Overview Residual Stress Part 2 -
Nature

and Origin. Mater Sci Tech, 17, 366-375, (2001).

[11] Lee S.Y., Tang J.G. and Kang J.S., Evaluation of Buckling Load and
Specified Compression Strength of Welded Built-up H-section Compression Menbers
with Residual Stresses, Journal of Korean Society of Steel Construction, Vol.
29, No. 1, pp. 81-88, (2017).

[12] Han |.W., Park Y.H., An G.B. and An Y.H., Development Trends of Steel
Plates for Ship Building and Off-shore Construction and It s Weldability,
Journal of KWJS, Vol. 27, No. 1, pp. 25-33, (2009).

[13] Design of Offshore Steel Structures, General-LRFD Method, DNVGL-0S-C101

Collection @ chosun



,(2017).

[14] Fabrication and Testing of Offshore Structures, DNVGL 0S-C401, (2018).

[15] Park J.U. and An G.B., Fracture Toughness of Thick Steel Plate for Ship
Building, Journal of KWJS, Vol. 25, No. 4, pp. 15-19, (2007).

[16] Park J.U., An G.B. and Woo W.C., Characteristic and Measurement Technology
of Inner Welding Residual Stresses in Thick Steel Structures, Journal of Welding
and Joining, Vol. 34, No. 2, pp. 16-21, (2016).

[17] Kim Y. and Lee J.H., Residual Stress Prediction in Multi-layer Butt Weld
Using Crack Compliance Method, Jouranl of KWJS, 30, 74-79, (2012).

[18] An G.B., Woo W. and Park J.U., Brittle Crack-arrest Fracture Toughness in a
High Heat-input Thick Steel Weld, Inter J Fract, 185, 179-184, (2014).

[19] Almer J.D., Cohen J.B. and Winholtz R.A., Metall. Mater. Trans. A, 29,
2127, (1998).

[20] Withers P.J. and Bhadeshia H.K.D.H., Mater. Sci. Techol., 17, 355, (2001).
[21] Hornbach D.J. and Prevéy P.S., J. Press. Vessel Technol., 124, 359, (2002).
[22] Xu S., Wang C. and Wang W., Eng. Fail. Anal., 51, 1, (2015).

[23] An G.B., The proceedings of the Twenty-first(2011) International Offshore
and Polar Engineering Conference, Maui, (2011).

[24] An G.B., Woo W. and Park J.U., Int J fracture, 185, 179, (2014).

[25] Mathar J., Determination of Initial Stresses by Measuring the Deformation
Around Drilled Holes, Trans. ASME, Iron & Steel, Vol. 56, pp. 249-254, (1934).
[26] Rendler N. and Vigness |., Hole-drilling Strain-gauge Method of Measuring
Residual Stresses, Experimental Mechanics, Vol. 6, No. 12, pp. 577-586, (1966).
[27] Jayarama Rao G., Ravi Sanker K. and Narayanan R., Determinaion of
Calibration Constants for Hole Drilling Technique Using Special Strain Gauge
Rostte, JTEVA, Vol. 14, No. 4, pp. 207-212, (1986).

[28] Kelsey R.H., Measuring Non-uniform Residual Stresses by the Hole Drilling
Method, Procedings of SESA, Vol. 14, No. 1, pp. 181-194, (1956).

[29] Tall L., Residual Stresses in Welded Plates — A Theoretical Study, Welding
Journal, Vol.43, (1964).

[30] Masubuchi K. et al., Analysis of Thermal Stresses and Metal Movements of
Weldments : A Basic Study toward Computer Aided Analysis and Control of Welded
Structure, SNAME Trans., Vol 82, pp. 143-167,(1974).

[31] Fujita Y. and Nomoto T., Studies on Thermal Elasto-Plastic Problems,

Collection @ chosun



Journal of the Society of Naval Architects of Japan, Vol. 130, (1972).

[32] Ueda Y. and Yamakawa T., Analysis of Thermal Elasto—Plastic Behavior of
Metals during Welding by Finite Element Method, Journal of the Japanese Welding
Society, Vol. 42, No. 6, (1973).

[33] Argyris J. H., Szimmat J. and Willam K. J., Computational Aspects of
Welding Stress Analysis, Computer Methods in Applied Mechanics and Engineering,
33, pp. 635-666, (1982).

[34] Free J. A. and Porter Goff R. F. D., Predicted Residual Stresses in
Multi-Pass Weldments with the Finite Element Method, Computer & Structures,
32(2), pp. 365-378, (1989).

[35] Yasuhisa 0., Simulation of Welding Deformation by FEM, TEAM '96 PUSAN, pp.
593-605, (1996).

[36] Galatolo R. and Lanciotti A., Fatigue Crack Propagation in Residual Stress
Fields of Welded Plates, Int. J. Fatigue, Vol. 19, No. 1, pp 43-49, (1997).

[37] Hibbitt H. D. and Marcal P. V., A Numerical Thermo-Mechanical Model for the
Welding and Subsequent Loading of a Fabricated Structure, Computers and
Structures, Vol. 3, No. 5, pp. 1145-1174, (1973).

[38] Roelens J. B., Maltrud F. and Lu J., Determination of Residual Stresses in
Submerged Arc Multi-pass Welds by Means of Numerical Simulation and Comparison
with Experimental Measurements, Welding in the World, Vol. 33, No. 3, pp.
152-159, (1994).

[39] Rybicki E. F. and Stonesifer R. B., Computation of Residual Stresses due to
Multi-pass Welds in Piping Systems, Journal of Pressure Vessels Technology,
Trans. of ASME, 101, pp. 149-154, (1979).

[40] Leung C. K., Pick R. J. and Mok D. H. B., Finite Element Modeling of a
Single Pass Weld, WRC Bulletin 356, pp. 1-10, (1990).

[41] Leung C. K. and Pick R. J., Finite Element Analysis of Multi-pass Welds,
WRC Bulletin 356, pp. 11-33, (1990).

[42] Shim Y. L. and Lee S. G., Modeling of Welding Heat Input for Residual
Stress Analysis, Journal of the Korean Welding Society, Vol. No 3, pp. 112,
(1993).

[43] Withers P. J., Turski M., Edwards L., Bounchard P.J. and Buttle D.J.,
Recent advances in residual stress measurement, Inter J Pres Ves Pip, 85, pp.
118-127, (2008).

Collection @ chosun



[44] Schajer G.S., Practical Residual Stress Measurement Methods, John Wiley &
Sons, Chicherster, (2013).

[45] Woo W. C., Em V., Seong B. S., Sing E. J., Mikula P., Joo J. D. and Kang M.
H., Effect of wavelength—dependent attenuation on neutron diffraction stress
measurements at depth in steels, J Appl Cryst, Vol. 44, pp. 747-754, (2011)

[46] Birkholz M., Genzel C. and Jung T., X-ray diffraction study on residual
stress and prefrred orientation in thin titanium films subjected to a high ion
flux during deposition, Journal of Applfed Physics, Vol. 96, pp. 7202-72111,
(2004)

[47] Prime M. B., Cross-sectional Mapping of Residual Stress by Measuring the
Surface Contour after a Cut, Journal of Engineering Materials and Technology,
123, 162-168, (2001).

[48] Halabuk D. and Navrat T., The effect of third principal stress in
measurement of residual stresses by hole drilling method, In Proceeding of the
2018 3rd International Conference on Design, Mechanical and Material
Engineering, Vol. 237, pp. 1-6, (2018).

[49] Hosseinzadeh F., Mahmoudi A. H., Truman C. E. and Smith D. J., Prediction
and Measurement of Through Thickness Residual stress in Large Quenched
Components, Preceedings of the World Congress on Engineering, Vol. 2, pp.
978-988, (2009).

[50] Woo W. W., Kim D. K. and An G. B., Residual stress measurements using
neutron diffraction, Journal of Welding and Joining, Vol. 33, No. 1, pp. 30-34,
(2015).

[51] Snyder M. D. and Bathe K-J., A Solution Procedure for
Thermo—Elastic-Plastic and Creep Problems, Nuclear Engineering and Design, Vol.
64, pp. 49-80, (1981)

[52] Kim J. W. and Yang Y. S., Welding Residual Stress and Distortion, The
Korean Welding and Joining Society, pp. 133-135, (2011)

[53] Park J. U., An G. B., Woo W. C. and Heo S. M., Measurement of Welding
Residual Stress in a 25-mm Thick Butt Joint using Inherent Strain Method,
Journal of the KWS, Vol. 31, pp. 67-72, (2013)

Collection @ chosun



Rr

<l

&

N
(3]
ol
o}
ol

i

00

=
1o

ﬂ

110

s oD
S o
1y —
) ﬂ
LH
ol KH
o
=S
A N
0l oy
= ol
ar d
M NH_
x
= KI
D
({0
% o0
O
1
%o ®
ol Iy
I
0 7ol
ol 7l
i10J =
wn <0
m_ ur
A0 H
. b
ol @r
0o 0o
ol o+
o KD
__W 00
0| W
N

o}
<

ol

RO

ol
110

X0

0y

-
1o

p= o
D

oJ

I

o
29

’

A
e

4

HyS, 0/2

2
=

, OIXI

5

=18,

4.

110y
ol
ol
ZD

io)

—_

A

10l

A0

wr
olo
Uk
KJ

Ik
KD
00

fulJ

i00
30

Ol
H
4r

o}

2021 =Hst=0

PN
=]

1= MIE 2 B O A

ot &
— —

4, 2019 29

SoIy

=,

51
)

>
)

20 30

®
Kk

-

_

<

o0

-
1o

Al
K-

oFJ

)]
<
<F
o0
s
r
i0J

-

<0

ilo]

o
o
L)

K0

-

<0
I
oll
1[z]
H
<

i)
ol

RO

KJ
nO

A", O

2t

FSI S &0

70
ur

I
IH

Bl
010
UE
Kl
KD
o0
I+
KD
00

)

— 100 —

Collection @ chosun



Rr
ol

s |
=

&6l ZALY

=5
[=]

=S OtXIZDA Ol A

tLESl S

= 2WHLD S

2t

2@ 0lct= Al

SLICH

A2t =201 2851 DXl

=
[—

e

BH

Tt

3

(0]
[}

A
—

Suw=g0

&l X

==
—

=0

I0H=A0 Xsl22 AtE2 22 0

-
1o

ol
0

RO

ol
[0
or

E
ol

]

KA

I

oM

0K

3

or

g LICH

Ul

o)
Al
1Ho
_uu_
1Ho

T
=

m]
1o

o0
Ol
oll

Ul
i

i

ard

ol

o

s

Sciebie,

el B

1

o

ol
l

&3

MOIH Ofz

oJ

lo-
i0J

-

bH

3

ZAEE LICH.

bH =

XA
T o

il d

a0
Xl

o
ol

<J
Kk

-
1o

0H

o

<J

Kk

LICH
HCIA
O Z0l ZAECIH, Mol BlXielE M

b

S
=]

= ™
OHRge =,

ol Oiel

IS
ol

Xl

OFHOl OIH = &1

AH
S

(HO

oF

A
=
=

il

Bl

J

gFLt

CHA

i)

-

<0

o1
mJ
ol
<

19)

-
1o
-

w0

B
I}

Kl

Ul

FAILD,

110
n0

gl

H 2t

SoiL

2
)

Xl

2 I

g0l,

oJ

Ju
0K

-

00

)
i

Kk

o0

222 (o

LIC.

I

S
=

&

cc o
A=

O

HAE D0ots

MSAOIOIAH D20, At

TotE

=

X

=0

o

o
=

ulny
IH

Ul

ot

Jdeln 2

SLICH

<H

B
[[e]
K]

~

LICE.

10D

At

B
JF

N U

o0

ol

30

0l
Rr

2022 & 2 2

I =22l
=0

3

g

- 101 —

Collection @ chosun



	제1장 서론
	제1절 연구 배경 및 목적
	제2절 종래의 연구동향
	제3절 본 연구의 구성

	제2장 용접잔류응력 생성에 관한 이론적 배경
	제1절 서언
	제2절 용접부 잔류응력 발생 메커니즘
	제3절 용접부 잔류응력 측정법

	제3장 해양구조용 고강도강 용접부 잔류응력 분포 특성
	제1절 서언
	제2절 시험편제작 및 용접조건
	1. 화학적 성질
	2. 기계적 성질
	3. 시험편제작
	가. 완전구속 시험편 제작
	나. 완전비구속 시험편 제작


	제3절 완전구속 맞대기 이음부의 용접잔류응력 분포 특성
	1. 절단법에 의한 잔류응력 측정 결과
	2. 굴곡측정법에 의한 잔류응력 측정 결과
	3. 중성자회절법에 의한 잔류응력 측정 결과
	4. 유한요소법에 의한 잔류응력 해석 결과

	제4절 완전비구속 맞대기 이음부의 잔류응력 분포 특성
	1. 절단법에 의한 잔류응력 측정 결과
	2. 굴곡측정법에 의한 잔류응력 측정 결과
	3. 중성자회절법에 의한 잔류응력 측정 결과
	4. 유한요소법에 의한 잔류응력 해석 결과

	제5절 고찰
	1. 완전구속과 완전비구속 상태의 잔류응력 분포 특성
	2. 요약


	제4장 결론
	참고문헌
	연구실적
	감사의 글


<startpage>13
제1장 서론 1
 제1절 연구 배경 및 목적 1
 제2절 종래의 연구동향 3
 제3절 본 연구의 구성 5
제2장 용접잔류응력 생성에 관한 이론적 배경 7
 제1절 서언 7
 제2절 용접부 잔류응력 발생 메커니즘 7
 제3절 용접부 잔류응력 측정법 11
제3장 해양구조용 고강도강 용접부 잔류응력 분포 특성 23
 제1절 서언 23
 제2절 시험편제작 및 용접조건 23
  1. 화학적 성질 23
  2. 기계적 성질 23
  3. 시험편제작 24
   가. 완전구속 시험편 제작 24
   나. 완전비구속 시험편 제작 27
 제3절 완전구속 맞대기 이음부의 용접잔류응력 분포 특성 29
  1. 절단법에 의한 잔류응력 측정 결과 29
  2. 굴곡측정법에 의한 잔류응력 측정 결과 33
  3. 중성자회절법에 의한 잔류응력 측정 결과 38
  4. 유한요소법에 의한 잔류응력 해석 결과 47
 제4절 완전비구속 맞대기 이음부의 잔류응력 분포 특성 55
  1. 절단법에 의한 잔류응력 측정 결과 55
  2. 굴곡측정법에 의한 잔류응력 측정 결과 58
  3. 중성자회절법에 의한 잔류응력 측정 결과 62
  4. 유한요소법에 의한 잔류응력 해석 결과 70
 제5절 고찰 79
  1. 완전구속과 완전비구속 상태의 잔류응력 분포 특성 79
  2. 요약 94
제4장 결론 95
참고문헌 96
연구실적 100
감사의 글 101
</body>

