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Experiment and analysis of residual stress for multipass
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ABSTRACT

Sodium is usually used as a coolant in LMR(Liquid Metal Reactor) and it caused the
problems due to the fabrication defects and residual stresses for the welds of the structural
material in long time operation under high temperature. It is necessary to evaluate the influence
of the residual stress and distortion in the design and fabrication of welded structure and the
sound welded structure can be maintained by such consideration. In this study, two test pipes
including the multipass weld with the 316 L stainless steel which is the pipe material of LMR
were fabricated and the experiment and analysis of the multipass weld were carried out, so the
characteristics of the residual stress distribution after welding were estimated. The HRPD(High
Resolution Powder Diffractometer) instrumented in HANARO was used for the residual stress
measurement. The residual stresses of the weld were calculated by finite element method using
ANSYS code and the experimental and calculated results were compared and the characteristics of the

distribution for the residual stress were discussed.
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3t 1. Pipe and weld geometries

Pipe D t No. of
Standard Weld  (mm) (mm) Weld Pass
ANSI 4 inch
Schedule 80 SMAW 114 8.56 7
ANSI10inch o\ 573 9.27 8

Schedule 40

D= outside diameter, t= nominal pipe thickness

3 2. Welding condition

Current(A) Voltage(V) Welding Speed(mm/min)

120 30 350

18



3f 3. Thermal properties of stainless steel 316 L

T(°C) C,(J/kg °C) k(W/m °C)
40 450 15
400 570 20
800 620 25
1200 700 31
1390 730 33
1600 730 90

C,= Specific Heat, k= Thermal Conductivit

3t 4. Mechanical properties of 316 L stainless steel and weld metal

T E sy(MPa) s,(MPa) Et v a
(°C) (GPa) Base Weld  (MPa) (1/°C)
40 210 230 460 2800 0.26 19x10°°
400 168 139 278 2370 0.32 19x10°®
800 133 80 160 1900 0.25 19x10°°
1200 55 22 22 600 0.24 19x10°°
1390 10 2 2 100 0.24 19x10°¢
1600 10 2 2 100 0.24 19x10°°

E= Elastic Modulus, s,= Yield Stress, Er=Tangent modulus, v = Poission’s Ratio, o = Linear

Thermal Expansion Coefficient

19
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Incident beam
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Q scattering
[ | [ ] vector
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/ detector
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219 2. Schematic of experiment setup used for neutron diffraction studies
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1% 3. Schematic diagram of experimental apparatus
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1% 4. Configuration of small pipe specimen
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Z1% 5. High Resolution Powder Diffractometer instrumented in HANARO
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719 6. Configuration of Large pipe specimen fixed in the sample stage
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Reactor

A

s \\\
1=st cdlimator %
[ ]2—st collimator  Gauge volume € 2
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T
Monochromator Inout slit Bxit slit

1% 7. Strain measurement schematic
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—m— Small outer (s))
—eo— Small middle (s,)
Small inner (s))

Stress(MPa)

300 N |
o 10 20 30 40 50 60 70

Distance from weld centerline(mm)

Z1% 8. Distribution of the hoop residual stress on the experimental data(Small pipe)
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I : ' : ' g ' 3 . Large outer (s,
| —®— Large middle (s))
Large inner(s )

Stress(MPa)

Distance from weld centerline(mm)

Z1¥ 9. Distribution of the hoop residual stress on the experimental data(Large pipe)
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| —=—Small outer (s))
—e— Small middle (s))
Small inner (s ) |

X

Stress(MPa)

— e L N ey
o 10 20 30 40 50 60 70

Distance from weld centerline(mm)

1% 10. Distribution of the axial residual stress on the experimental data(Small pipe)
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‘ ‘ ‘ ‘ —=a— Large outer (s )
200 i._._._..___|—®—Largemiddle (s)

] Large inner (s )

Stress(MPa)

0 10 20 30 40 50 60 70 80
Distance from weld centerline(mm)

219 11. Distribution of the axial residual stress on the experiment data(Large pipe)
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30°
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t/2

t/2
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(4 inch schedule 80) (10 inch schedule 40)

719 12. Configuration of the weld joints and measurement points of the

experiment
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Analysis Area

1% 14. Schematic diagram of multipass weld pipe
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Z1% 16. Hoop and axial residual stress on outer surface(4 inch dia.)

35

80



Stress (MPa)

700

400 18

: § § —=— Calculated(s )
] | | —e— Calculated(s))
] | | Measured(s)

| | v Measured(s

300 -

200 -

100 4~

r.----r

0

./I/
I/

a

-100 - Y | e

—

-300 : ; i - i

\/y S e e

0 20 40 60
Distance from weld centerline (mm)

1% 17. Hoop and axial residual stress on middle surface (4 inch dia.)

36

80



Stress (MPa)

: ; —=— Calculated(s )

7777777777 fofCaIcuIated(sX)

""""""""""""""""""""""""""""" Measured(s.)

V4
""""""""""""""""""""""""""""" v Measured(s))
,,,,, \
|
[ B \—,\.T—Q—\‘Ofo70-0~c~o~o~0;0—04~o~o~o~o—¢:~o 0-0-0-0-0-0-0-

i Ya f .—l/l'.'._.i.-.i'l
100 B S ........ ;_,-f,'i’ ,,,,,,,,,,,,,,,,,,,,,,,
200 - ‘.'T!\.‘L '.";.;-;.;i_'./ """""""""""""""""""""""
-300 : i : i ; I .

0 20 40 60 80

Distance from weld centerline (mm)

Z1%] 18. Hoop and axial residual stress on inner surface(4 inch dia.)

37



—=— Calculated(s )
800
1 —e— Calculated(s,)
700 -~ R S
1 Measured(s )
600 - corer i B
] v Measured(s))

Stress (MPa)

Distance from outer surface (mm)

1% 19. Hoop and axial residual stresses through the thickness (4 inch dia.)

38



—=— Calculated(s )

|+~ Calculated(s )
Measured(s )

v Measured(s))

Distance from weld centerline (mm)

1% 20. Hoop and axial residual stress on outer surface(10 inch dia.)

39

v o v
: : : X
" f—'i.‘l-o‘o—o—oAo;o:ffo—704—'o——o;vo~oj::::/:;=‘=_|:|rlzltl
A 1 /.,r"l
_n
~m : ./. :
e
; T ; ; ; T
0 20 40 60 80



Stress (MPa)

- —=— Calculated(s )
600 | :

1 : —e— Calculated(s )
500 -

] ; Measured(s )
400 ‘k“. —— v Measured(s )
300w ———

1 = ; |
200 F--® A

. | |
-300 : : : ; : .
0 20 60 80

Distance from weld centerline (mm)

Z1% 21. Hoop and axial residual stress on middle surface(10 inch dia.)

40



_ —=— Calculated(s)
1 e Caloulated(s)
T L Measured(s,)

! e oo v Measured(s)

w

o

o
|

%moouomnnn%«rro4—o~o—o—o;r:'o.loig—.o;.:.q
. r v : - /— —a—

100 J e BT g B e

0 20 40 60 80
Distance from weld centerline (mm)

1% 22. Hoop and axial residual stress on inner surface(10 inch dia.)

41



Stress (MPa)

—=— Calculated(s)
—e— Calculated(s )
Measured(s )

v Measured(s)

Distance from outer surface (mm)

1% 23. Hoop and axial residual stresses through the thickness (10 inch dia.)

42



Al

&

AR R

A

= . o T o T AR T WK o m- K
i o W EE = T
g - | % X E o. wo ME 3 1@ B o)) m% ot
2 = H Ky o = B EUS gl
z Y - i FRT Ty
i | — i XTI N E B
_ N ~ N T o= oo T g
< 2 | o e]E o Njo 2T uE oo R
= i mHﬁnn.Qo»uTJ}dﬂ
= - e [l o ) W M o ' T 2
: w7n Mo |&! O W mo Mo ) do o W =
e o T #RE g omo Pwl,
< — - Ho|or s = B T = A
N = C T =T R o
T |x Pl PRl "lsdae 3% - ®
oo ol d.m muw B mma X u] T M.HW W_UL o m X
wE T LS o 00 T = o) @ o
X! ~ X |z X NI oo T &gy
Gl o R RTINS
‘m’ﬂ :.L J.ﬁ — ,HI £3 mu ET J.ﬁ e ™ ﬂAro
™ e B | g i w9 ol o M B
= i e of M ™ qr o =W
- - Gt = o <] oy
s o @ En_ s‘ m,u.o ,MM ,ml EW _5_1 oy ,ﬁ oﬁo ‘WT_ ‘QI#M
oo o N - m ERTIEnET T
o my o |M ~ T odo do T & KX
I G g = BT Dy
™ — ) éOfi Ko g O o Moo
va ) = _ B ,ﬁ m :ﬁ _UT
o |47 m X |we X I o T® D Joow
S JU J|1_/_A| = ~ - O#E z U‘\ﬂ OT_ HT OT =) %I S >
m i ~ N- — a, > ol e o :i m- K 7]
</J ® HT X iy < ~ UW oﬁo o En# = Be e = &o HT_ Z
= e s = T T X do Ho<
< = SN N il T T T
M W_lﬁo K Ho |7 Wﬁ_ ) ° ) M _,%m = o ©
= |7 A — N E T P G -
S ok YN RO (% |m W2 | W %A w e AR o
Y, . ® < = |5 | |= X do o = M _= i
= NS e # oo |2 B G S Vs
< = T S A I = I T B R BT
Tl lmE R | |elElRlElEN T ErRE TN
~ : o @ N 'S

570l EoE gl

hyA
fin B

o

o &

4

9]

EEE

=
3
=

=i}

=

g 71

AxtA 3 7F v 0l E ) ar
(10e-of 1 £)

==
T




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring Org. Standard INIS  Subject
Report No. Report No. Report No. Code

KAERI/TR-2615/2003

Title/ Experiment and analysis of residual stress for multipass weld pipes in
Subtitle Liquid Metal reactor
Project Manager Seok-Hoon Kim / KALIMER Mechanical Structure Design
and Department Development
Researcher and
Department
(or Main Author)
Publication Taejon, Publisher KAERI Publication [2003. 12
Place Korea Date
Page 44p. Fig.& Tab. Yes(V),No( ) Size A4
Note
Classified | Open( V), Restricted( ), Report Type | Technical report
___ Class Document
Sponsoring Org. Contract No.

Abstract(15-20 Lines)

The ultrasonic diffraction technique, holl drilling technique and X-ray diffraction
technique are used as the representative measurement method of residual stress but these
methods have a limit to measure the residual stress on the surface of the weld. Comparing
to that, neutron is able to penetrate a few centimeters on the inside of the material so that
it can be widely applied to evaluate the residual stress of the new material for measuring
the inside stress of materials. The measurement studies of the residual stress for the
multipass weld pipe were carried out by the neutron diffraction technique in the various
materials abroad and the measurement of 304 stainless steel plate was carried out at home.
In this study, the experiment and analysis of the multipass weld for 316 L stainless steel
pipes which is the pipe material of LMR were carried out and the characteristics of the
residual stress distribution after welding were estimated. The HRPD(High Resolution
Powder Diffractometer) instrumented in HANARO was used for the residual stress
measurement. The residual stresses of the weld were calculated by finite element method using
ANSYS code and the experimental and calculated results were compared and the characteristics
of the distribution for the residual stress discussed.

Subject Keywords Neutron diffraction technique, multipass weld, residual
(About 10 words) stress, 316 L stainless steel pipes, the experiment and analysis




	표 제 지
	제 출 문
	요 약 문
	ABSTRACT
	목 차
	표 목 차
	그림 목차
	1. 서 론
	2. 용접부 잔류응력 측정기술 및 실험
	2.1 용접부 잔류응력 측정기술
	2.2 용접부 실험방법 및 기술현황
	2.2.1 X-ray diffraction technique
	2.2.2 Neutron diffraction technique
	2.2.3 Ultrasonic technique
	2.2.4 Electromagnetic technique
	2.2.5 Hole drilling strain gauge technique

	2.3 중성자 회절에 의한 잔류응력 실험
	2.3.1 측정원리
	2.3.2 하나로의 중성자 회절실험

	2.4 실험결과에 대한 고찰

	3. 액체금속로 배관 용접부의 잔류응력해석
	3.1 용접 및 경계조건
	3.2 지배 방정식
	3.2.1 열적 모델
	3.2.2 기계적 모델

	3.3 해석모델
	3.4 해석결과
	3.4.1 온도 및 잔류응력 분포
	3.4.2 소형배관의 잔류응력 분포
	3.4.3 대형배관의 잔류응력 분포


	4. 결론
	참고문헌
	서 지 정 보 양 식
	BIBLIOGRAPHIC INFORMATION SHEET

