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Abstract: Creep analysis takes much more time than elastic or elastic-plastic analysis. In this study, we conducted
elastic and elastic-plastic analysis and compared the results with creep analysis results. In the elastic analysis, we used
primary stress, which can be classified by the Ma-tangent method and stress intensities recommended in the ASME
code. In the elastic-plastic analysis, we calculated the parameters recommended in the RS code. For the FE models, a
bending load, uniaxial load, and biaxial load were applied to the cross shaped welded plate, and a bending load and
internal pressure were applied to the elbow pipe. To investigate the element size sensitivity, we conducted FE analysis
for various element sizes for the cases where bending load was applied to the cross shaped welded plate. There was no
significant difference between the creep stress and the alternative methods; however, in the Ma-tangent method, the
results were affected by the element size.

L P, AE B
P, A5 FY S
4 ez WY E A P, ZH o)z} uh S
F A P, o A} v g
m, i SA AF AS P, A a3
m° FHA sk Al P, ool dgste 8%
mg m, 7 a5 AT 0 o|z} <&
n ae g8 A5 . =
P a5 Vr TEE QA 39
1 Corresponding Author, kimy0308@korea.ac.kr éc D AYE MY E
© 2017 The Korean Society of Mechanical Engineers 0y o AEE AAAE Z8E 4™




704 ==

Oner : AWEH

Oref S

oy 1 AEE Ik Fxege

o, g Ae

X <4 Hs AT

1. M B

a9 FHoA ZFdls AuEL X 9
o] wrAlstH o] 2 Qla] FFxEo g Ado] FEF
S v FxE] AAS BAsEH A
I HJIEE o] Fojxof st olE fEA =
> 88 AHge] dFse Aol Fastt)h
7|E A 7Y d3d e gy AHE A}
&=, A8z d4o] WAstH FxEdd A
&3t Y Eo] Algbo] Aol uwheh Ajtuly Az,
Al == S8 2719 &He vlsf| xfol7t &
A9-7F dol AEMET] Ao SHE Ax 7
ot o]§ Al 1 ATt vy BREHoR U
T Aok weba AHEek a8z s Hrls)
7] YA ArE S8 dS5ete Aol T8
sttt e AavIHS o] &% ATE A4S 73
StH A== AEe A= FEHE A5 F
UAIFE o] = wjg- B Algko] A8 ¥ A
A= HlaA ek Al ', A4 3l
Mg B Ao Y2 §8S vuste =
<89S dS5etr] Agh Wl dis] s 2o
o} g a2 o]l 9 M,-tangent method™®Voll 2] &}
BERE da$8 3 ASMEZE=O0 A A Fats &
o MYstE o] &3 SHAE ALAHRE o &3t
Rar, BA-AA s g RS ZEDAA A
ot FERIHS ol & FAFESHS ALl
st

wol A v #e] R53I=, ASMES .
tangent method 5 37}#] We| wel 78] 52
S dSstr] gk ALks stk
21R5 ZE
% =+ 7 & (British Energy)oll 4] 2713k RS =0
A= B3 2ol x-S = (rupture refer-ence
Ky

stress) on, S ZAbEte]l A E £ S oS5

[1+0.13{y -1}]o,,, (for n<7)

Ol = 1
[+—{x—11o,, (for n>7)
n

oA7|A pe AYZ ¥ AFoln, FHxS™
(reference stress) 0,2k &% §| 5 A5 (stress concen-
tration factor) y©= UhS-3} #o] Holdt} %49

& &85 Plimit load)® FE FaA =],
ARFe Bg-ay BHS M B &
Farsde T3 7 F Ak
Ly
Oref Fo_y )
o
24 (homogeneous structure)
O-rgf
2= p (3)
F” (non-homogeneous structure)

y

714 P A& T, g TH BEE UE
W™ gy FAEIA A o

2, e - B8 MY T2E o
ol #Fsl= shFelth ¥ AgdAE &4 IR
o] v A @ RAS EAE5FE 7 non-

o M

homogeneous structure=, 23] Fojgl= 33
EAE7F §lE homogeneous structure = 58
M-S K astloh

22ASME ZE

= 7] A183]  ASME(american
mechanical engineers)oll 4] ¥7}+gt Boiler & Pressure
Vessel Z=2] Sec. Il Subsec. NHO| A= 112 %
= 7x Ad4 HrkE S AA @A 21ES
AA GO B Ao vt 2ol A, B HC

society of

W oeAskE A wrEsj ok e &8 AT
21 T & 7 Aol W SEdEE ALtst
Rt

P, +PB /K, <5, “4)

A7 P& = Ak ¥ 5 (local primary
membrane  stress), P, Z 52 (primary
bending stress)s UEFHH o]= ®AA AIE
E2 ALk &2 7 X (stress intensity)©] T}
sHAEE Atst] M TFEREY #H
18 A8sta J7F A FAREgeR &
5+ A SCL(stress classification line)= * 2]k t}
SCL& Wt &8 A= o8, vd 58 <

N
oo i N

N—



watolob ath W 3, WY SHAREL T
b Ao thgat oo
lt
Cijm Z—IGU-dX &)
I
6 t
oy =0y [“dex (©)
o 2

a3 fe] 7 &8 HAERES o] &35t AT
g 7]uk 8- &7} 5 (Tresca stress) P, Pye AAHS|
EE??_ A (4)01]/\1 St
2 ey k= ﬂ" ]
F-(extreme fiber)2] 7538 &€ 7&{;\_% Fdy
T2 gy o] Foxt
—(K+1)/2 7)

171X K= 6‘H% o

o
v
s
h)
&
fu
JE e
2 (2
£ 1o
PO

o] = AAE #I
dlof] glgte] HAF K=1.55
ASME FIZo| u& %270

© A A B
e 7 —"—Eﬂﬂr w3 S Aol wt o)A &
SR JJ eHoR I7E 4 9lew, NH-3217
I o] mEelA Algsh= Vol whEbop
CRR J&fﬂ Aol AEolA VES A e
ol Bl AAtS A 2 S WY &
& BT dAsHer ERsiglon, S A
o oA AFshs 7Fdl wel BRskt

2.3 Mo-tangent method

M,-tangent method*”+ Seshadri®} Hossaino] =
Jg]_b \:ﬂ—tl—] o Q-/H H/Hu]—oi JJT;H 09:1 x]xJA
=9 opws Y2 52 P(primary stress), ©]2} 5=
O(secondary stress) % I|Z 52 F(peak stress)=
TR g g Ao 2 AFdAE ERE EAEE
P AFE I Hlae] ARgEon pE
Tohe A o Erh

P=— ®)

719 ml = 233A §F A5 mOupper boun-

dary limit), 3}¢tAl 3} AS my(lower boundary

limit) ¢} o9 ¥ ¢ T AFTE=EFE A=
ol &gkoll Wt ml & Aaksts whdol gEkxith
mO
— = (foré>1442)
+ 14029292 -1)
ml = o (8)
1702929(2, -1) (for £ <1++/2)
o
£=" ©)
my,
mo = O (10)
[ (@) aV
m, =—2 (1)
O—max
& =(1+0)+(1+C) -1 (12)
C =0.2929(& - 1) (13)
A7 rre FEEY AA F3, g,T von
mises & 7F3 9, UWE TE=9 HY:HS HE
L=

o9} o] RsH=] WE FHFEEY of)
ASME 31=o| w& P;+Py/K, Mg-tangent method®]l

oJel $FE AAEH p 52 AL 4 A

AR S vmaT
3. 7oteA Sl
3.1 &4 & skE
ey Bl &4 Aol dv AAE
Pt A ko] Bolgls Hato] tiste] AL,
A28 e Fig. 1(a)o] UERG ulke} o] 7o)
200mm, H|

100mm, F7 12mm<l o] 7T& F
Ak YulE 7k Aol 94mm¥t 7 JHE &3 %
FEge wdg stk Swel 49 Fig 16)s
ol y=50mm, R/r=2, L/r=104 W, r/t=5, 2091
A o] el diste] maly sgc.
Fig. 29 o] ¥l w3 stos 7Fete= 459
= 14 BEE, Fol @5 o]EH0ds vt
oo = 1/8 BES A28} 3, 3] w3

EHES Ughe JhsHe AtelE 14 Bag A
g3,

WA el BhF £AL Fg @9 2ol o
A9 F BS obdE 150N FY HES el
4%, Wl A% ¢ BE Aowgom



706 AqET . o)
Biaxial Loadﬂ
NI
—
’ 12
Uniaxial, Uniaxial,
Biaxial Load Biaxial Load
N
g <=t BIE {==

[

Bending Load Bending Load

94

Biaxial Loadﬂ

(a)

Internal
Pressure

Bending Moment Bending Moment

(b)

Fig. 1 Schematic illustration of geometries in this work:
(a) welded cruciform plate, (b) elbow with
attached pipes

Fig. 2 FE models for (a) plate-bending, uniaxial, biaxial
load, (b) elbow pipe-bending moment, internal
pressure
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Fig. 3 Analysis point for (a) plate-bending, uniaxial,
biaxial load, (b) elbow pipe-bending moment,
internal pressure
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Table 1 FEA results and calculated stresses by R5 code, ASME code and Ma-tangent method
Stress Elastic Elastic-Creep R5 ASME M,-t
MPal 1 e | =) | smm10) | Emes) | 1) | PPk, | P
WCP1 167.7 64.9 58.2 64.6 62.3 58.0 52.1
WCP2 202.4 118.7 111.5 109.5 107.3 114.5 102.9
WCP3 201.9 118.1 111.3 109.6 107.4 117.3 124.9
EP1 166.3 83.2 71.7 73.8 70.6 142.3 72.6
EP2 2355 94.6 774 82.8 77.6 212.6 77.0
EP3 87.6 71.5 66.3 63.6 62.8 81.4 59.4
EP4 72.3 68.9 66.2 61.9 61.5 80.3 54.8

WCP1 = welded cruciform plate (bending load), WCP2 = welded cruciform plate (uniaxial load)
WCP3 = welded cruciform plate (biaxial load)
EP1 = elbow with attached pipe (r/t=5, bending moment), EP2 = elbow with attached pipe (1/t=20, bending moment)
EP3 = elbow with attached pipe (r/t=5, internal pressure), EP4 = elbow with attached pipe (r/t=20, internal pressure)
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Fig. 4 Stress relaxation for a long time in case of WCP1
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Fig. 6 Normalized stresses by creep stress for RS code
results
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Fig. 7 Normalized stresses by creep stress for ASME
code results
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