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ABSTRACT

Welding Residual Stress Analysis considering
Phase Transformation on Steel Pipe

Shin, Dae Woon
Advisor : Prof. Park, Jeong Ung, Ph.D.
Department of Civil Engineering

Graduate School of Chosun University

As for pipe line such as offshore construction or plant or nuclear reactor, one
of the methods that is used widespread to combine the cylinder materials is
circumference direction welding And these cylinder materials are loaded
repeatedly or affected by high temperature cycle in the big pressure or easily
corroded situation. So it is required to solve the matters regarding safety like to
stress corrosion, crack, brittle fracture, and defect size crystal. To solve the
problems, fundamental study for residual stress distribution should be taken
urgently.

The methods to measure and forecast welding residual stress are experimental
and analytical ones. In the experimental method, inherent strain one, neutron one,
supersonic one, deep hole drilling one, optic ones are being researched Among
these ways, we possess the measurement technique for remaining stress which is
using inherent strain way, and we are able to gauge throughthickness residual
stress.

Experimental measure method is able to calculate the residual stress based on
thermalelasticplastic analysis as computer numerical calculation and its common
code was developed. But the interpretation that is considered initial residual stress
and welding transformation is being used restrictively as there is a difficulty of
interpretation technique In this study, we used finite element analysis program to
gauge the change of remaining stress more exactly, which is generated by metal
transformation according to temperature change by structural steel welding to

improve the accuracy of pipe welding residual stress analysis.
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=

=
T
M
Lo

v}, A 2 (Neutron Method)

T JAEA Y AEY gEozAe] AAE A 7pA I Qo] Holu A9}
Rk R 3 E, A EaRE JHlE xR, 193249 Sir James Chadwickel]l ¢af 2t
7 ¥ A1, 19361 Halban ¥ Preiswerk % Mithchell ¥} Powersoll 2|3 X-213} wpzk

THA 2 ARz o8 3d 2 g dso] ddder S E At (Bacon, 1975).

3] 4 (diffraction) @72 dsE0] AT wf EAo BAY 5o 3G Fxe A
7NE e FEE § BEEo] HAAY dodE A4S 2T
o sl EAe B WA (Bragg's Law)S W2 AA 3} o] F7]4<

7HR Eoll s 48 g WS vgd oA HFoRHW o= AL A
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(constructive) (denstructive)

138 2.12 Bragg's Law (357, 2014)

2dyyy * sindyy =nA (2.4)

nominal Schematic layout

incident beam

eam from
monochromator

beam
defining
optics

detector

a9 213 FHAAINEE o] &% HIE

A

%

TYSAL FHe ol 8T HMIES ol&st] 72 F Aok BE $¥€S A5V 5
Aolgti= 7HAS, AEe AEI 9 Young's Modulus(E)2} Poisson's ratio(V)E &t
Aoh)stel]l AAHET ZHSHES A7) #3 X-AH SESFHHAAM= A5 HAAEE
of ARl gt 7HAHIIH(0,=0) o W, dALF WHE ¢, THONELR
FEH AEHAA doje B oo SHAARE o, T sin’09t AYFS] AAE 2
tg Aoz Fojzlt}
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o). Hole drilling Method

ARSH AN WY F Aol MuH Be o oAYPe nko AEF
G AH 2hYe ol HRHS S 9% PR 3% 2w AolA
s st 9o 1L YA AolHel 7 Huel Y APBS Sl
F ge 278 A4at Ayl o8 AFSAS AN W AFTY Tl
A e WaHe AZse foly] Wi thE adle o# el WMz

Y
[N
PrL
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o

Front & back bush

(a) / .
_

Net sample

Front & back bush
———

DA A

Net sample

Front & back bush

|24

(AN
| |
]
"Eleclrode\ym) N
of v
Net sample

Front & back bush

if

—

I\-Air prob:
(d)
Z -

Net sample

Front & back bush

~] Solid rod
V)

LVDT

Net sample

1% 2.14 Deep hole drilling

WA GundrillS ©]&3&te] AlAe] =7

probe® 7|ETFHe] Wol AARACTE T

O NETHE FAOR AV WA ATH] 7Y

NE THe ATE A

Data collector

(F.Hosseinzadeh %, 2009)
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Sol A =RE A2 AR 4(9), FHE B T NETHY ABS 4(0)2e
77 SA 1A '0,6,,0,,..,0,, 012k S, A WslE AdWB)=d (0)—d(0)= E
Wel, o2 olgate] BFgES AN 4 Ak WY uw, (0)F FFLD(0,,.0,,.0.,
)3 o A= (28)3 2ol uheh W & 9tk
Ad(O 1
~(0) = d(e(>):‘*x [ 0)o,, +9(0)a,, +h(0)a,, —vo..] 2.8)

o 71 A, f(0)=142cos20, g(#)=1—2cos20, h(f)=4sin20°]H, E<} vE Zt7ZF Young's
modulus®} Poisson’s ratio ©]th. o] A& Z7re] Ao 3t FA= el
ofeff A ¥ Fo] YEH 4 Atk

u,,(0)=—=Mo (2.9)

(29%F = WA R YEE, (21003 2, 714 Ae,, & HW WP Fo|T}.

u,,
_ . Oux
urr( 2) ( —
L = x f6) 96:) h(0) —v o (2.10)
— . . . . Y
Uy (em) f(Gm)g(Gm)h(Gm)—v g,,
€2z —v - 0 —1
1A T MBS o § stol AHSHE TF & Ark
o=—EM u,, (2.11)
M =M"M)" 'Mm” (2.12)

ME Mo d8d M= Mo dxgdolnt. (FHosseinzadeh &, 2009)
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B" 2 2 EILt0|=(x100)

a4g 2.15

L= B
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+Ferrite
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910
Ferrite

H2tRIE(x100)

FE£2AY FR(FSEIANAH
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A Austenite
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< // +Pearite
Ferrite 1
+Pearite0Q 0.80
—=C%)
a9 216 A-v2d A=
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7F. 5249243 A (Time Temperature Transformation Curve)
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. d& Y= (Continuous cooling transformation Curve)
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E 500 T \?\ . Cd | ﬁ B:\;}us. ‘
H 400 |+ i \; TN TR I RYREE
300 . | Ms_ Ly g et | *_ |3 | | I| |
. ~ T — 1I ‘i o it 8 76| SDI
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19 219 AISI 414079 CCTd %= (Isfahan)
7t wAle AR ey 2

HV,, =127+ 949(% C) +27(%Si) + 11 (% Mn) + 8(% Ni)+ 16 (% Cr) + 21logV,  (2.13)

HVy=323+185(%C) +330(%Si) +153 (% Mn) +65(%Ni) +144(%Cr) +191(%Mn) (2.14)
+(89+53(%C) —55(%Si) —22(%Ni) —20(%Cr) —33(%Mo))logV,

HV,_ p=42+223(%C) +53(%Si) +30(%Mn) +12.6 (% Ni) +7(%Cr) +19 (%Mo) (2.15)
+(10—19(%Si) +4(%Ni) +8(%Cr) +130(%V))logV,

A7IA ¢ e, Sic A, Mo BV E, O AR E, Ni: UA HV,, HV, HVy = 2t7+
e AE, v AR WSl F A AR A2 (21603 Zoh

HV=FHV, +FyHVy+(Fpt+ Fp)HVp, p (2.16)

Collection @ chosun



222 ZHHY F¢eL A FH 3

(i,
i at
OFO
m
B
o
o
>,
o
iy
2
o2
S(rl
i
T
>
N
H
N
rr
oft
X,
=

20 Heating 20 Heatina
| -—-— Cooling -—-— Cooling
S 2
x _
-5 PR R T R S I SO (N S ! L : . .
0 200 400 600 800 1000 1200 "o 200 400 600 800 1000 1200
Temperature [T] Temperature [T]
(a) 240C/min (47C/sec) (b) 1200C/min (207 /sec)
a9 220 ¥34&x & BFEGE ST 2014)
APANRE Fo @ WPE AR A FFES o g3l AwE JolA Lxol
WE gEeS AN 5 otk mlzddolE W Gelolq 4 wee] Auge] v
21 8- Koistinen-Marburger 4] o]&3}o] Yel ¥ 4

f., =1—exp[—k(M,—T)] (T<M,) (2.17)

o] 7|4 f & FALE A nlZEAlo]E] A
uf2 Aol E o] WHEI/NAI L, K 250 mE vf2HA
o] t}h(e] 5] B, 2007).
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K ofefsh 2

—In(0.1) )+O.5( —In(0.5) )
Mg7T5()

A WA o Aol A Wzh & ul
g4e F48t7] fdl, JMak 2 (219)& VA A S AHEetE, (225)0 2 yERd

F AL ATE YAFY &= FEo|
={—(k)exp[k(T—M,)|}AT (T< M,) (2.19)
A Ae ol&ste] mEdAtolE WEjol] &gk AWkl W strain®] T U&

Ae Avol = As Azol* Af (220)

m

A AW B 98 strain 28 ALY @A vlEElAlo|E W E|A] A AW strain

>

AutAel gl mEEAolErl WHHAS W AAAE strain(A) S A7

A S 20x10° T 80x107°0] 3 P91 carbon®] % 375x10°2 K 9Lt}

GJolewet wzeols Wt #Hsed uAE e A
AL LRIl st FAHol (820 -920C) A BATFO R ofu A
AAA ghol WS Aol exwviolEe] MHE Frely] wEolrh oY@ &
37 el wedduAety A4uss 1ddo

A
Aol EVE ¢bd W] & w AHWSE straine —2288x10°2 7P 5 QU
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Von mises #5271, 229 7AARA, A WA} E et AqtdEn. A4
S (AN e 2o me ALkEa feta s Aes 4 Aok

upela] w2 ElAlol E WEjo] o3 WS 2wslE AHWHEE ueste] S 2
o] UEtY 4 dt}t. olu AAVNE 375,82 K2 0118 788, Af, 9 ME tish
=3

A"+ 2" ={a—(3.75 %1070 x—0.011)exp[0.011(T—M,) | ) }AT (M, < T<M,) (2.22)

oxEto e el e LEatFd A mae] o WAL they o] e
At olul, A3 920TColar, Al2 820Ceo]gtx 714 sk).

&

AT+ A" = (0 —2.288 <107 °) AT (A1 < T < A3) (2.23)
A AAESte] 3 strain TS (222)9F (2.23)00 o) HFLBZAT I
o2 Fdste] yehleh oled g4 e FEl7F S ool Hae MG
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(2.24)

le] = [e] + [e], + [l

A (total)

1714 el :

(2.25)

(2.26)

[E]th

lo] = [Clle], = [CI[B][U] - [e],

(2.27)

S

)

v

/"ij5fijdV:/fb5UdV+ fioUds + Y JFoU,

: concentration force

o] 714 f*: body force,f*: surface tractions, F,
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Q)R A gl dhFol §la, T8 5 AZH(body force)S FAISHH th} ol

A}

/ 0,,0€,;,dV =10 (2.28)

J 61" olav= [ B0 BIIABI0 -]~ [dy)av=0  (229)

S wramavio)= [ B7icd, + d,)av (230

[K][U] = [F] (2.31)

o7|1A K] = f[B]T[C][B]dV ‘stiffness matrix

A7IA [F] = f”[B]T[C]([e]pr[e]th)dV . force matrix
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250mm

(b) Girth Welding

a9 32 Fo|=Z §H9 SHF I} 8H o
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(a) Seam &% A4 A] (b)Girth &4 =49 =

=

Auzgda A AeE $8 27ews §7 SE9 $PALE By 2o wA
T APLAOLZAAZ 5§22 485MPacl i, A4 == 570MPa, Girth& 8 A &2 5%
2 SM-80Go] L &3 580MPacl i, A4 E+= 660MPa, Seam&HA £255
2 OP1320]3 35832 540MPacl 1, A== 620MPas AF&3ttt. 2 &3
229 PJrE wAnd o 2 §PARE ALEsa
31 AYRY 2%, $E 2 $8AT
Specification Yield strength(MPa) Tensile strength(MPa) temphi:a]amre Speed(m/sec)
Base metal(APT 5L) 485 570 25
Girth weld_Consumable (SM-80G) 580 660 25 0.02
Seam weld_Consumable (OP132) 540 620 25 0.011
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