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In this paper, the effect of temperature and bending moments is investigated on the strain
accumulation behavior of carbon steel piping branch by using the Chaboche kinematic
hardening model with the isotropic hardening law. Carbon steel branch junctions are tested
at five temperatures of 20, 50,100, 150 and 200 ° C under internal pressure and temperature
with dynamic bending moment. The results obtained by numerical analysis show that the
highest amount of ratcheting occurred near the branch junctions in the circumferential
direction. The strain ratcheting occurred mainly because of dynamic moments and high
temperatures. The results show that in all three samples, the amount of strain ratcheting
increases with increasing of dynamic moment level and temperature. With increasing of the
ratio of diameter to thickness in branch junctions, the onset of strain accumulation occurs at
low moment levels. It can be concluded that initially, the rate of strain ratcheting is high and
with the increase of loading cycles, this rate decreased due to the strain hardening
phenomenon. The increase of strain ratcheting at high temperatures is due creep strain
because of high temperature and mainly accumulated plastic strain under dynamic bending
moments because of cyclic plasticity.

Keywords Piping Branch, Strain Accumulation, Creep, Combined Hardening Model, Dynamic
Moment.

CITATION LINKS

[1] High-temperature Low-cycle fatigue of Alloy 800H. [2] Beading Ratcheting tests of
Z2CND18.12 Stainless Steel. [3] Ratcheting fatigue behaviour of 42CrMo4 steel under
different heat treatment conditions. [4] Experimental investigation on temperature-
dependent uniaxial ratcheting of AZ31B magnesium alloy. [5] Ratcheting assessment of
Visco-Plastic alloys at ambient temperature by means of the A-V and O-W hardening rate
frameworks. [6] Experimental study on rate-dependent uniaxial whole-life ratchetting and
fatigue behavior of polyamide 6. International Journal of Fatigue. [7] Ratcheting assessment
in the tubesheets of heat exchangers using the nonlinear isotropic/kinematic hardening
model [8] Ratcheting fatigue of modified 9Cr-1Mo steel and Inconel alloy 617 at ambient
temperature: Effect of uniform plastic strain. [9] Response and cyclic strain accumulation of
pressurized piping elbows under dynamic out-of-plane bending. [10] Study on strain
accumulations of plain carbon steel elbows subjected to dynamic out of plane bending by
the chaboche model with isotropic hardening. [11] The ratcheting behavior of Carbon Steel
piping elbows under cyclic bending moments and temperature. [12] Single Frequency
Seismic Loading Tests on Pressurized Branch Pipe Intersections Machined from Solid. [13]
Time independent constitutive theories for cyclic plasticity. [14] On some modifications of
kinematic hardening to improve the description of ratcheting effects. [15] Mechanics of
Solid Materials [16] Evaluatin of the ratcheting behaviour of carbon Steel pressurized piping
elbows by chaboche cyclic plasticity model. [17] Evaluation of combined hardening model
in ratcheting behavior of pressurized piping elbows subjected to in-plane moments. [18]
The ratchetting behavior of pressurized plain pipework subjected to cyclic bending moment
with the combined hardening model. [19] The effect of Basic factors on strain accumulation
of pressurized piping elbows under dynamic moments. [20] Study of Ratcheting Behavior
of 304L Stainless Steel Branch Pipes by Using Chaboche and Combined Hardening Models.
[21] Evaluation of several hardening models in the ratcheting behavior of piping branch
with Different diameter/thickness ratios. [22] The Effect of Dynamic Loading on the
Ratcheting Behavior of Pressurized Piping Branch.

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://doi.org/10.1016/j.ijfatigue.2008.08.002
https://doi.org/10.1016/j.ijfatigue.2011.04.008
https://doi.org/10.1016/j.msea.2016.10.019Get
https://doi.org/10.1016/j.ijfatigue.2018.10.020
https://doi.org/10.1016/j.mechmat.2019.01.007
https://doi.org/10.1016/j.ijfatigue.2019.105402
https://doi.org/10.1016/j.ijpvp.2020.104103
https://doi.org/10.1016/j.matlet.2022.131916
https://doi.org/10.1243/03093247V312153
http://mme.modares.ac.ir/article-15-222-en.html
https://link.springer.com/article/10.1007/s40430-020-02521-0
https://doi.org/10.1243/03093247V283197
https://doi.org/10.1016/0749-6419\(86\)90010-0
https://doi.org/10.1016/0749-6419\(91\)90050-9
https://books.google.com/books?hl=en&lr=lang_en&id=YfHTNHfjqXoC&oi=fnd&pg=PR11&dq=Mechanics+of+Solid+Materials&ots=kwWOHhY2rB&sig=p2EtQxOsSlmB-ZjDQ5eJx6hQRrM#v=onepage&q=Mechanics%20of%20Solid%20Materials&f=false
https://jcarme.sru.ac.ir/article_640.html
https://doi.org/10.1016/j.nucengdes.2009.12.012
http://mme.modares.ac.ir/article-15-8182-en.html
http://mme.modares.ac.ir/article-15-22462-en.html
https://mme.modares.ac.ir/article-15-8309-en.pdf
https://tumechj.tabrizu.ac.ir/article_4059_d2f57e819c3ec7e8718820b174a44243.pdf
http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

Wil 9 05y ey SLadSid st e Wil (lay
Adlise ol

ol LUy 5 oxg e oSy oy el 4 azgi b
Gaixd 4 dinej ol 53 (oL padize Y glales ;> oanay
05 (S —(435 lagialoiT Voot Jlu y3 (SIS 831 dis sy
MF ke dzys YY-YEe soils 5> BOOH LIT (595 o Iy a5y
o3k bl Giie g o pslie plae (g aem0 ()T ol el
& L;)Lif)b Sl JSow slasd ccwl 0399 lwgd 33 oys o/ P-Y
-8 gl 1 Sty (i3S 03990 I 2 plgie 4 >
Cad b )3 A (e wamd 5 QWS e3game 53 ggw glo
ST 5 ditogli b dy Sastoly JSWb st bz oS (S
280 51 ol (6,138 sl IS (l391 b 45 sm3(50 &, BOOH
2Bl wygo 0 YAY Jlo ys (lSen g o5 [Magd e
S5j 2 3Ygh oig) Gl oS ki b asllae @
SVl yué (sl S5 juss loogas .siislsy) Z2CND18.12
3Vg8 (slp Loy g (e alixo (_gL:b(_g)L'\f)L) @S 039 5 i
x5 lSe Saelin o o8iuws b Z2CND18.12 S5 4
B i b g Les a5 w30 ol iolej] zolis o5 el s
ASGe 30 exig ey sl RS Ol 2 35 >
Sy iles 5 S3b Jgdo pu ahaly 45 39850 dimNo uiceen
Plube pials ol Jlade Loy (il b g 639 has aba,
S 8y a4 YAV Jlo s plihSes g uaS
oslaswl b baumo (slod y3 42CrMo4 3Ys8 oigyyinn (sla S
9333 (04) LS 4wl g () il LS Calides wluSys 5|
93 )2 53 VB lali8l b odigy ey (SlodSi yusd lade oS
GlodSs yusi jlaie o Bhe Gll elley 5 Sl >
UJli> ol ede a opdley wdleyy odigyian
Blewl yia8 oliel (Saw 150 b 53 pgawlSaluns
GG (0 rpy 4 Y Jlo s i 5 J S
AZ31B papaie LT 53 Los 4y ditualy (gysme S odigy (o
by 4 diwnly lodSh pusS upp gl sl
oo slos @iy 53 ol S ()5 - S S slasiales]
oslasul (313 0l dzys YO Voo V0o Yoo YO Jlio ylgic a3 )
5 ploul YU (slobes ;3 painie ST IS el ol o
© ol Sasdey 3 Saishedus Shy o sde e
W30 olés ool Cawd A 2olt ibe duoly Loy 4y sl
Iy Los a4 dituly w5l JS yuasts AZ31B e JLIT oS
53l S i (iu 53 o)lES e e (L 395
Gles il b oS osd csmlie padiie job a 3Ll sles
2z BB S (Sed wiu 3950 o 1 plalej]
b calehys Lol camsie &) sk 4253101 51 55 oy (sles
23 00 Lol b Jlade S Glaleil sles Ll
950 oamlie (IS (Saigh 0 SO (35 e

1F 53 ¥ olad (PP 0y93

953 iy Juelowl g (5555 dugler spw FPY

OB:.“ P S LsLbOLo.a 9 (PX) )ﬁ.a"".'i
iz 5| b sladls! i3S (Sl
odlw L,u)fbggs

" (5955 gl
sl eyl s oEils (Sl (swdigo
it Jaslo
dasyl o Ghosyl gixe o&iils SoilSe uwdige

03:S>

035 olyan 4 gl Suilaianw o oo 5l oslitul b wlie ol
Ol 53 e slagles g Los il uyp 4 Sigyigil (Suisdeduw
S50 i1y 03k inyS 3Ygd i | ol jdeo gl ity S ll s,
oSsolins plae b olyen cli QL1 (glos g ,Lis o Galdw glads)
S Sl dys Yoo 910« oo B0 (Ve slos il Slie axdo S5 S
ol LS 9e5T 90 (slavdiged (53, 1 oxel s 4y (33e Zulis . MiBl0
2 Gohaw Jlail Joe a5 53 edigyoiay GRS Hlake yiS1a oS cul
U ST w0l 3929 @ ouig )ty (sl bl §lis e a2
Oiali$l b eigyiing Uiy plise d9zge diged dw ym 53 &S w30
ol 4 5kl cowd Rl b b Gl des 5 GSaelaagles ol
oles glacaund 53 Ghume oig) Gl LIS £95d (ol sladly) 5>
23 0839 )Gty (SIS &5 45 S doti lgie IS 5 bl e Gl oS
039 e e 4 &35 ol (IS0 ladSaw GlSI b 5 039 3 Ll
SlopsyS Gl aull w5 e iy (el ()T ((Suisd wéus oay
Gaoe g Lod 18y Vb wde s s (39,5 Jolio Vb (slalos 55 eigyyion
Saelizs (slaglae 513 (IS Sl e 4 45531 (Satatly (20,5
Aabie

oS e Jae (i (835 (Sablil (el sladls) mofla s
Sl gles

Voo /ot bl Al
VEN AN Gy gyl

zakavi@uma.ac.ir :Jgiuwo oliucgi®

doddo -
olojpe yob a4y oS JLid cai sladlyl bghs Jul=i g (uyp
3525 slofy coenl 5 aiyls J15 Les 5 (I y5lisS i
wed gladlg) bohs (gl calio g peal 21k sgkio 4wl
ASME boiler and siiles (g3)lailiwl glosS Ygaze b ,Lis
o2l 53 39290 slas,l 8L .3yls 34,8 Pressure Vessel Code
sl slaglan il g Los o Jluw ;L (slalg) wYlail § ladly)
0Ses L I8l g5 ol e o ablie dljly @il b aliee
Hly 4 ymie 45 0T 39290 odigytn UL oy cwl
3388 (luesuls izl 5 Lol ay (5043l i wloso (i
289y 5 et gilio phi Gilize gilio )3 g, o
e LS (2hb by SO sl «Ban g 0553l o yiees


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

\rds GLhcdsj A L,:ml.ul Ol 53 e slagles g Les 530

L 9 b slewg oS ol cws 4 ¢l (8B
el s pldl esle S Nigd e sleyiolybs BOT RO
G o9ty o UASS (595 5 gl slasi Sl eyl 53 0ge
Ciliieo sloalg) slaes b dg) dxiio Jio 4w opalplis .cal 00
Sl iiyS o« w30 las a_)b.! ol ol w)f BUEYIERS
393 4yl jlade jl ayai 4y g 039y az g BB Il 53 odigs ey
9 S50 )laly edle 4 ledlg) slasl (Aal8I L aisbie plelS
Abise pRli81 oxig i laidyS

3958 digad 93 33 (S oy w4 P Ses 5 Uy
slizl 53 esliiwl 3590 45 IN -SVY 5LJT g 9Cr-1Mo oads 2ol
W izl ol sy (adlbe olg i ,d sllg) luowls
odady los I 1s 5Lis g Loy wililwgi 31 (iU bawgie (s Juds
S G oy Nede ediginley SlodS sl
osle 93 oyl Kiwd yoe b dunlio 43 oad awildl St
by buaxo (slod 5y sy il diwls g buwgie il wed
Sty G5 &S 383 Gl Guyy Adlise bl puds
3Yg8 51 yiidin (s>95 B yob 4 JIN =AY 5LIT 53 sass anislal
5l ol (Kid yae 5 s aiblboe 9Cr-1Mo s 2ol
ol .l oxd 2ol Vg8 51 by (5 lade IN-617 3LJT
o0 piebly S glsis 4 plgie |y slge wBlgish (adS (idyS
La:o‘.gx.'a 33 slUg) luawli j3 oslisiwl (gl dlge ool (gly
Aigihe 0139 )ty (SLOUSD yasS oapay s 45 ) i s
G 5 JL8y Gy 0 YV Jlw 53 (530814 g (5553
axdio l Zyls Gied pleo wad 9l sloddg) exigy i
G025 GlaleiT 4 basye (s34 (silwdd @ lagl axsls,
olis A106 GRADE B (u,S 3¥g8 (sladigas (59, (s34 Juloxs
L olyon Sup38-Sil )] Jao 5 S0y08-Silitnsy] J1o
O el SIS ()20 il 4 S pigil e ogil8
ol glee ORI L g 039y 3Ly latl )3 eig g sloidyS &5
ol 53wl (SNigdedw (XERV Sl oS W50 el jlude
ez g 4250 FO ayli 393> 55 Glel (13,5 STl
G970 > 53 (#)S gezd gk g 039 (5970 9 Ghue
ey dy Gl (13,5 gexd ladigaiseled (gly g il osaliuo
DO b0 4 g9, 55 Gialidl Jl> 5o

slagles 5 Los 530 Guyp 4 YA Jlo 53 BT 5 (655
2ol (sladls) (25,8 (Sblil Jlid, )3 ambo jl 251 (Saelios
03B L olyan gld (Soilaisw (Suigd i Jae ol
5 3yse sl sladls) Bl Sasyisil SNisdidus
Sl Gl GSelins plas 5 wali GBI (slos 5 jLid e
Aidgs oA L;)L')f)b. il )il b wlice gl puils)é 33 d=io
31 o Bisas conds slogl ISy sls o olid g3ae 2ulis
Al 53 edigyiian slagidyS 9 Vb glales y» s slagisyS
b aSsosh @ uibie axbo I 2y Sl slaples
L g 4l (alidl odigyhan slaidyS (Saelias plee 38!

Modares Mechanical Engineering

> 3 odgyuan SadSd yusi (gel sles Ll b
10 51 1aS Los iy 4 Il 53 0398 dogd l5 Loy S
LS ez 53 oy by sla S ki 1l o Sl 42
Y Gl (sl l 23U pize el ol g ol yud L
slos 4 (St oxigy oy lodSid s 695 oml Gid 9
390 Sl azy5 Yoo 5155 oy slales 33 5 315 Gioles]
SWT Gels asig) Gl ladSid yusd guiz adbie 4298
Al Sty S s Calizeo (sloesuilSo 51 (AZ31B oo juie
3,5 e desiz o alize slalos ;3 oai

S Sl ot Euly Guyp 4 Y9I Jlo 3 i Sem 5 ol lS
63Sn37Pb o Zircaloy-4  Z2CND18.12N oslo dw oaigy i
OB zshw b liel (i gladSaw (6,180 S o
Sdgdedu ol Gub 5l e glogy ¢ wglate
- gial) O-W 5 (Silgyg-e3ljsasl) AV (S yigsl-Soileiow
caols @y i ol ol ool sl (Sl
L o Sl 9 G5 &5 @)l b olyen slgo SututlygSunny
ABle 0xig st (SladSid s )l 4ol sl oo
oolly Slgdedus ol 53 SoxwdgSuny  polic
Sl S s 55 G5 &5 Lyl sohie 4 Ghglis wYslsee
Sl izie Lailesd ‘olgjl Ul les 5y g exig i
gl dil> g odgypiay LSS S oad ol
351 lap] L OW 5 AV sladse pulily (e yiuc
Jse 3l ose] sy zolis . ailosds dulio cdilods] cund 4y (1y2s
sladil> g oig )y sladSd yusi glaioie (b)) 2 AV
0- Jao 4 ol ilizeo sloid £5,5 9,85l (et
DBlaslaisls sy gloesls b (g5t cislao W

G2 aallhe g oy 4 PR Lo 45 IS g SOL S
FaselGhy (S 51 oL il 5 o3y 0t LIS (59 2
23 U S b eygmme ST (St (el (600 S plaxil b
Ul e digad b j3 (o paed 5y aiB Ly (3Ll gles
Slapiis £ o smse plis Guad i il Sus
b Sl ond st Slaidd £ 4 el odigy ey
Glogiiys ou ably 58S ki s b oasui 55 adbe
O &5 oliae pRali8l &S W et dos ialj8l g odigsoten
G Sy 5 33850 odig) ke IS gy b 50 cely
Ol 9 318 (K 5l dlyo 5o 43 i 3udg3 iinlo,Sag5 o1l
085S 5 )3 by (i see 3020 (595 2 0f 092 o b ude
veddie GlaleSaes (Sasd e g )T (Sagh e
Lolsgds 50

b Jie Sq dgd dmiis 53 0ig) lag (Sl Sl s oday
9 IS jlid il i 9Cr-1Mo osds Mol 3Vgd iz
ohiyd Sush wdw Jae obaml b ooy liSL
5 Gogal bugi (S5 Jae)  Sladg] Sag il
o y9hike ol sl ol 48 JE (330 TN Sen
453 OF+ g Yoo 301 slod) walize slales 33 Lol (g

Volume 22, Issue 07, July 2022


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

953 i Jaelowl 9 (5555 gl a0 FOF

(2505 cx gl (] auw wlakin g slal (¥ Joaz

35,8 Sl (slaglos

cdwdgl daide U7 M sl '()L:"‘s ‘;

S - —L')J,-AJ

| bews  (JSwbiEe) .

S e i WA
BMS1 vIo " WA FYYS X
BMS2 V¥ vv WIAD POy Ve
BMS3 YN ¥ WA ¥YEA YFA

Golaw sl g oxigy Gl lopid)S 39T ol jshite 4
Uf.usw e 9B U olyes 0315] ool Sidw Jao
S Gilallae Gub Sy Jso ol 3d 50 o3liiul Sig iyl
UislesT U oS35 s wlesls ool 16221 5(Sam 5 553
OiyS alal ;s 53 YU sloles 1l g oo eslaiwl Sy
s plas sl gz el 43 8 Ul e olyaw
g oS 5L dg) Glelpe pid sl js ogline
ool5)8 5lade b osd Jleel (wilS)d 39450 Jloc! F=4 Sinwt
a2 4w (g3lodse ez d5dse 48, ST )5 il (12] s
dews g D, )5 ks b holeddil dod SO oalydw dg
u.ongT)l)Sl‘o)J)J dxio 515 S lew g G518 sLid e
g 5y Glol ciowd S cul oads JuSid i duw 1 &S sl
puStow. 3 ‘o.u}.a.w.a 6L€b4.]9] ‘L_:*‘"L> Cound 939 U.Ibbiud

C3D4 g4 31 ladl olasi WEAR I alydw ol (g5lwie ey
g5l Jlael 51 ss .ol oais oalisiwl ‘(o)f)LQ,% L9 )
iy sl 3 ool Gies ples sl w4 Lo
155 25 659 39550 el (i (195 s ) Lo
4 Loygma slaital 53 glhgs 9 lzaile 5l (gludd ool )3 &
slapsyS jluie sl oid (65:55l> dliune (550 bl lgic
dhod 4 Ghgld Sileisw G Jao pululy oaigyian
digad Su ¥ IS0 5wl sad zhdil Sagyignl old
03 a3 T J5le5s 3 (lytas dlg) (g3t Jio 08 b
ol odds 03l

S lacewd Lalydw digad ;3 weylys dsyy Jlael 5lp
ol el 488 )8 s s slos i Galydw (sladlg)
Yoo 9oV eecldec¥o) a5 3390 (AS1s slales wxd dlg) 51 =l
ol ialesT Jsb 53 Labos ol < a3 )8 (S a3
colin das Lr‘L“)*‘")L‘ 69 lgise (mles wilyusi cuwl

s U581 i 3 008 (oo ol dus ) (s3ms o Jao (¥ JS

1F 53 ¥ olad (PP 0y93

oS el )y lasidyS 55 abie paalisl loadyS dos (ialjé!
o303y by &5 Whie GEaldl £33 ol Les (131 L &S 35
2 Glel (i8S Sl blie Gl Giss il 5 Ssdes
Os G2 @ Gl el ol S W eselice bagley e

T 4le G3lo 5 Lo wlyil o188 kiys
Gt 9 Sl sl g Los wlil plojee (uwyy el
B oads cely oads Jlael (slayly pulys 55 o3l ,lid) o Euwls
258 yse Bl slads) (255 Sbldl ¢l 5 asllhe
YU (slales 13 oig )ty lo L1 GBI 358 1,8 liize
O3S g Los 18y Vb e 4y i3 (35S 51 oL Wlgise
sleploos Hilys GG Sty wde 4y atslsl Sy
oo sl oslo U8y culie pansad &5 abl Seelins
9 Lod lojer 13U Gy & d=lllae ol 53 95 ool - 2bbise
ool slady (1d)S (Sualil glise )3 ies slagles
23 03383 3 Slo layly by 5 o3lo 48y sty 9 aislay
b Jol> 330 it abbise S5 350 il sl jpas
ol b ohen Gisld Seilewiw G Jae I eslatul
b o2l sl et GBI (sles 1> (g yigial (Stigdin
S8y uolio Gipien Blad 4 g duqlio 35290 121y 2l
)‘)3 WM g0 Glike (SLELA) )J‘ PR uu.!)s Ui:.wl.ul woslo

Leshgy g slge -¥
US55 ASME 3,153l Uy gabaie ol 4 dlg) ) xiliesl diges
o2y dw do) wlasin g sleyl izen .cwl oad oals LS
slagles 5 8L el Guils)s s )Lad) 5,180 bl

(oa plail (sl slass g (49051 43 eslaitul 390 Sl

el odds eals edls lEd ¥ gz g ) Jgdz 5o

+0.0
$63.6 +0.045

1

128

+0.0

ASME 1121l oo Ly dus dl) 3ylailil diged () JS

[12)6,18)L bl bz () Jgazr

Ladigad dewdisn
i ] datie o cualines
diged
(Releo) Dm/t (oiskee)
BMS1 \ \'d ¥IYF
BMS2 Y. Y./ Yy
BMS3 \& Y¢ YIvD


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

P50 o lodlyl (35,5 (Saalsl gl 5 e slagles g Los ;305
OP9) ol 53 Alie s 4 (V) dhadly y3 i=F (6,10l b oS
U555 b ol (5L 5505 e s3] 390 (slo izl
oS il oloy B g a8 13 oylie (23S el
3 oshie ubie aelsl adiged (595 2 ol 5 IS0
- Giexie oy ol ) o cwl e S (5)lul
JSow @ P Sl Giie S8 55 9ok s (i3S
e e ptund laizie Ghle 4 b i Glasl 5,50
o U 03l sl Gekaie Sorem (555 1 oIk 5 OIS
9 il ol iz 4 (9lS (B35 el g Sl 25,8
o1yl (sl iz (59 3l 5 pladl SelSuw 3051 5l 5
O o2 9 K paled S Hlade g Ao (AT edgame ydlie
s 4 LaialesT 51 390 0 (sl Ae? Sutly (25,5 039420
wlizeo sloggesl sly %xl)g 33 AZ—J—k)g.)U‘Lo o -2l (50
ey (V) Silainw i dlse p blis glbsl b g oy

33,5 50 (puasS ¥ g Coslo eals

Az—a—kzgtanh(yAzip) )
& 62 Cisys 9 Cgvz Cigyvr Jolds osle wull ulyd
¢ Jgaz 53 3,8 il dzys Yoo g 100 Ner (00 (Ve (lod dzys
ol 0 )

1 oslisal b 5 osb JS o5 ialefl (slmodls 31 solital L
gl 5o e g m odle el culys (F) dslee

S\

7=0,(1+2) ()
b el s gl el JisS 0y, (Jalee 23S T YL dslee 5o
:‘o,g)b &49)_39)4| Uf.\:y.u G dddgo (gl sl (0 0950

R=k+Q(1—e ") )

311 oiSo Q -zl yho Sty GBS 53 ket G5 K
GRS 9 9 e ghu o]l &Sl (B33 b g el Bl
S o i (38l e 3l Sy

csialojl (slmesls 3l eslaiwl bg (£) 9 (V) loddsles dluwg 4
Al sy Jalae eliod 255 e sln X g @

GSusd wdw aidye cwl Joloe uiSy i K o«
Wlse dbpwgy bty (26)S 51 2 plgies 0 g yigsl
13950 ol 2

0°(g,) =a(5) — X(5,) *)

3586 osle B 5 shg sloyS el Jyso Syl

S 38 (slayiolily (595 52 Lod 3y oS el 039 (uy 23
¥ Jsaz 3 o] @l oS 39 dislsyy A106GRADE B g4 5

ol odel

A106 GRADEB [1lggs (1S 3¥58 slayially (g9, Los 1355 (¥ Joa

Los ORRVY

Sy Jose el gt e g slef

D JSlEaE (Sl (Kezdm3) O/kgK) PP
(S le (W/mK)
Y. Yleoeo YYA YAQ. ¥£ A
O YeQeee A1) YARV/ V] ryy ovy
Voo VeVooo oo YAYSID  Fas OYA
\0e VeFeer YaF YAV OO N2
Yoo 140 YAA YYag/y ovy ["Ae

oSy A gils -V

o 3 ol axbaws 051831 (g gl (S i ay)i 5
ol poled ahw Sy g bl pasi eSleisy jsb 4wl
ol e Sye Sodiladaw it Jao 3 o5 Gl s ailose
35 95 ol 51 il coli o 55100l 5 0355 Sy a5 gl 4o
JEs! byt Sileiw (Suisd wéw dilse oSy Jie
5 ole b X GuiSy (i Gk 5l i (sLas 55 pulud alaw
e e o331 a2 by Joloo (SIS s Sog g ol ddlse
() dsloe wyge 4 l) Senedly JSb s 1 ol plyiey R
WS e gl

dX = C%((r — X)de, — yXde, )

SSdghedu Jae WAS Jle js ML Kes g (ool
ALl (1) dblee wyge @ 1y oad agjxd Ghsyd (Suiledgw
RER

dx; =2

; ;Cidsp—inidp )
Ser) dslae @b gl Siileipn (Suigdedu ogils
Jol> Soy08 Sl (Suigdedus oild sz ggaze
A 3l bl ool 535 Gdate cys coddd 3L Jao 5 Ll 0dd
g9 31 am 4ol s bgaye Jsl (e 039850 osliinl Gizie
s 4 (V) a3 1= (6,180l b oS el YU Jgae b ol
Ghdyd cwowd coli Jgo ol 4 bgape 093 (e il
s 4 (V) dly 53 i=F ()30l b o ol YL G255 )

eyl 423 g 53 o3k oS Vob gl Suiledow (S alyd (F Jgs

Loy ol 83 Cy C; Cs

OhSoile azmy)  (JSwliSe (JSulylSe) e (JSwlle) 2 (JSwlle) Y3
Y YYA YYYAISA SENS YYOr/s YYIYh \WY5 A V/¥¥
O A} v/ SYIAA YIAR/O YA A A EVARS V¥
Yoo Voo Y5 FIVE £4130 YAV AY Y\¥F \P#3/4% A2
0. Yar¥ Yanv/vy MY Yo\l Yo/OA WYs oY VYWY
Yoo YAA YAQ«A OYIYF Yayane Y. WO \AYs

Modares Mechanical Engineering

Volume 22, Issue 07, July 2022


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

953 iy Juelowl 9 (5555 gl a0 FPP

© M=3248N.m M=3144N.m M=3000N.m
Fer
" ‘
kS “
e
3 fe L 4
4z
o
wg ™ *
;’;) w
LI o
2 1@
L
N
N X X X
K—H 1 : . )
& Yoo Vo Yoo Yo
(815 Sl 4> y0) oo

3o 51 osel cunss (330 2ty Les Wil camlie (O JS&
53 BMS3 digad (sl Sipgyignl (i pgil8 b ohes gl
0yt o) HLS) oy
039381 i3S (SRl 51 Salins slagles 5 Los Gl
94 (0
BMS1 (oly duw digad (sly sael cawd 4y (33 pulit Jud=i b
Ll Seelias ples 53 &5 sgdioe dbhade T Joaz 5
siyS ol y S Gl dsys Yoo 5 Ve 51 Loy Gialsdl
olew 33 Y g 7 la S Gillho 390 039381 odigyia
4 M/Mp = VYV plas cows b yianien FYVS Saolins
o5l @ eigyiian iyS ISLBle azps Yo gles sl

Yvoe A

_(
= -
=
e & :
' ' '

(ne/cycle)

<
i>4
!

S Re 8 S S e

0 1 2 3 5 7 9 10 12
(486) yloj
g FYVE (ylaw o BMSTdigad odigy Lo (slaid)S (5 JSKi
obos com 1 3L il dzyaYe (Lo 5 4o

~ <

L>4

>

I Qe 59 G55 (St o o
(ne/cycle)
- -

-

0 1 3 6 9 12
(466) o

ylocyigad FYVE low i BMST digad odig, Ui OiayS (Y JSe
ol s 4 3L Sl s Voo (glos 4

1F 53 ¥ olad (PP 0y93

L (0) dhlee (g5l iz L b 5 Q lge clig gl glayielly
wlaype ayieS Ghspd geaeS) 5l el b g (1) abd
o dilyl 0 Jgaz 43 wyylym az s i 53 el iuyS 3Yg8 (gl

ol

423 @iz 0> GRS Vb sl Sagisil e slayiahly (@ sz

LSV
Los
(St 42)9) U P

Y. Wo/A ¥y
o WA ¥iss
Yoo \Yan AdAvd
Qe WOy ¥I¢
Yoo Wwy/v ¥Ivy

§d3e 2l 5> ey -F

gl digas 23)S Swaldl oasy uyp Oy ol 5
clSs wealins oalal b osls iyS Vgd i 1 ol
ol dl8las glalos b digad yo g lide 51y gloylid
390 S il dmys Voo g 100 Voo Be Voislas iy 480
dw 5l o 51 ool cawd 4 pulis aS 33lai8 S J1)8 (g3ae uwyy
sladyaz @lhao ol GigS Vg8 iz 5l oldw dg) Jso
L aSaims e ol 45 lon a8l O B ¥ glaJSa g A i 5

* M=4776N.m M=4696N.m M=4552N.m
Aee o
X v | a
2
3 Fos o -
e;f”q? dee X
S P X
NN S
N W
23 Yoo o >K
%
< Yoo o
‘_;5, Voo
T T T T 1
& \ A Y Yo
(81 Sl 4> 49) bos

gl e 3l eael cuoss (g33e pulis )5 Los wiyil samlie (W JS
U8y sy 53 BMST digad sl Seggyignl i 08 b olyen
039 )b Sl

¢ M=3752N.m M=3560N.m M=3456N.m
For
X
o Yo - . 2 g
i :
Yoe - L 3
S o
;'5 Yoo oo
A e
e X X
Ioox
o 4
X
o \ {0 Y Yo

(3155 ol 4> y3) bos
Jse 5l enel cawsy (g33e zolt 55 Ly wilyil samline (F JSo
23 BMS2 gl (sly Segpisnl i g9l b olyer dgilds
09 )0k SO iy


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

FY o lodlyl (35,5 (Saalsl gl 5 e slagles g Los ;305

Iy oSaelins las (ialssl 31 88 Lxile dys Yoo ol glos
A (e ol

4l edigytu (sla)S &5 45 wd)S dm lgie JS
L a5 ablie 3k lawl 3 oS o9 (Saeliny ples 9 Los
oy wle 4 g5 ol (IS0 sladSaw Gl
2 Slal eaimalid 45 WS e oy GaelS (25,5 (Saigd
el Saelias glagleo 3l )3 oxig) Gl sladSis
BMS2,ljdum digad (sl odal cuws ds (g33¢ pulis Jul=i b
il b LS diged wiilon &5 3950 damde ¥ Jgaz 5
o35yt (SRS lie 3,8 ke 4z Yoo 5 Y- 51 Lo
3950 03938

YAFA /Yy a. FAIY

Yoo ds Loy Liol3dl b jlade ol a5 sbbiso YYONVY (pe/cycle)
Oizen. 5o FAV/AY (e/cycle) o5l 4 S8l dzys
2 o9 )ty LS Jlade (Saaliny slaples Lial3sl b
el los 15 T Jgaz Gilho Jlie sl A0 e Lialid!
oy £ (Saaliss ploa 231 b 35l 43 Y-
5 yiaiss £YVT laie 5 M/My = VIV plao o jlaie b
31 edigyian S oWl M/Mp = VYV gloo o jlado b
Uial381 WYONY (pe/cycle) jlaio U (ne/cycle) YAANA Hlase
sl ISl azys Voo colh glos )3 (li31 ol abise
[ 0VY/LY (ne/cycle) jlade 5l s )53 Saolins  slaples
DAY e S a5 wbse Lial38 TAY/AY (ne/cycle) Hlase

BMST (9051 e (sl digad I Jol> zulis (5 Jgaz

[NAYe WhY Yv/ay /4

Yoo \IYY a. W/ Y0 Veo[AD

Wr/yy Yo/ YFEIOA \iauids

YFYFA VIVA q. YA¥/O AW/ Yy YYV/as YaAIOF FeAIAY ovyYNs
N
Yoo o 3{ [
D
1 =
5 3 rve
é’ Vae - ‘g -
% ® ", S
o
3y | 19
w 2 a 2 YT
1’!, Ny -~
a & A *
: 4
g; vo

0 2 4 7 8 10 12
(4ib) oy

0 1 2 4 6 8 10 12
(486) gloj

2 5o (igad WYOY (lew i BMS2diges odigy (iu sl S (A S e g FIYFe low i BMS1digal odig, ] slpisyS (A IS

ole; cuw> y )LSU.UL» >3 Yo los

Yve -+

S 8 38 5 SRS ol oo
(he/cycle)

0l s 1 3L ke s Voo (glos 43

6 8 10 12

(46) o

Oley ez 53 38 il dzysPer (glod 53 yiagyisss FYOY las cumi BMS2 gai oxigy i (slayii)S (1o JS&

Modares Mechanical Engineering

Volume 22, Issue 07, July 2022


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

S Qe 33 535 S w0
(ne/cycle)
Lo P e T T T T

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

syl saimsplis & ASue iy GhelS LS (Susd
el Saalis slaglas 53 038 Lo (slo JSciparis
BMS3oljduw digad (sl odal cuws 4y (g33¢ polis Jul=i b
dzyd Yoo 13 Vo5l Los (inli8l b oS g0 dam>Yo A Jgu 5o
4 35de 03938l oxig Lty lapti)S ol A3l
GSeelizs glae 3 W9 W glaSs @il diged plgie
Gl 4 M/My = VPA plae wasd b ytogyion FYEACQl
o3l 4 oxigy iy (i3S ke S ke dzys Ve (gles
Yoo do Lod inli8l b jlade ol o5 8ibise AW/ YV (ue/cycle)
Oaixed 5o OWYN\F(ue/cycle) ojlail 4y 38 0le dzys
o350 ($LiyT ke 3 (Saelins (slagles il L
b (glos y3 (A Jsaz @lhe Lo (gl AiSie las Liulj3!
YPALA 3 Saolion plos Gial3sl b o3, il doys Ve

0o 2 4 7 8 10 12
(466) oo

FPYe ploe wexi BMS2 digad odigy luy lagisys (W JK&
Olej > 2 3L il azy3 Voo (5lod 43 yiogyigsd

593 iy Juslow 9 (5555 gl s FPA

eall Saelins plae ;3 00 5 4 glaSid Gilho digad plgic 4
o il 4 M/My = V¥Y oo cows b yiepiss YOV
Glul w eNgyoia  iS)lade S ule daspy Y
Yoo do Loy Lial3d U jlade ol o5 sibse YVT/0(ue/cycle)
Swye FYFL YY(pe/eycle) ojlal @ sl Snle dsys
3 GSeelias glaglee Gialisl b g walh glos )3 puizen
AISe I GAl38) eig e (oS lade

b ool Ske 423 Yo ald glod )3V gz Gilkae Jlie (sl
VY glow comd b yitogyigns YYYe 51 Saolios ¢yles (a8l
VPY ploo cond b jeprigs YVOYlaie B M/Mp =
G WY (ue/cycle) Hlada 51 oaig s yion (yidyS oplail M/M, =
©les o ili8l ol a5 wbie (iali8l YYT/0(ne/cycle) Hlase
3o 53 (Saelins slaglas (gl 380k 428 Voo eyl
il YYLIYY (pe/cycle) jlsde U \WA(ue/cycle) ,lide
S0k amys Voo coli (slos j3 W g Ve (gl JSis oS wbie
o oléd BMS2 oolydu digad 53 |y Saelios lew (ial3sl il
e

S GlalBl olise Jso ol 53 BMST Juo by dunlie o
slaglee )3 puized e SR 4 HeS eig 0l
(o3 515 G581 L g W sliglae € s il Slizs

v

oS 390 sanbice yituy L oxig)iiny GRS @i
53l (Sigdiey eapny Jleizl 5 il (i 1 Kiles
3 A0 gyt GloGia)S &5 45 S amd glgie JS
OMli8l b g e3gs oLy Tal )3 oS e3gs Selins glow 9 Les
o oy o390 Al e 4 255 ool ()10 sla S

BMS2¢y905] wexi (gladiges | Jols zolis (Y Jodz

5. VY a S¥IV YA/

YEYIAY Yag/ vy FEYY Q\WV/FY

Foov Y . VAV AY YYAIYY

FV¥ Fan/vy QY3/AY £OIFF

Fyvs /Yy . yav/ay YYO/Y

FYVIE0 OsFIVY PNIYE £AY/4)

BMS3 (55051 e (slo digad I Jol> zulis (A Jgaz

Y. Y 3. Yo/vy Ye AN ARINN \ading wa
Yras VYV 3. VoAIAQ \YONY Ay vy Yn/yy YA/ YSVIAY
ryay VY 3. YaAlY AN Yov/va Yoy ¥ YYVAY YYEIVY

TP 55 oY sylads (PP 5y9n e SuilSe (pwdlge sale dolinlo


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

¥ Lthd.‘gJ A L,:ml.ul Ol 53 e slagles g Les 530

oYL
[T

Yve o

Yo -

IS Qe 49 5 I a0
(he/cycle)
=

I

0 2 4 7 9 12
(46) o
YYFA loe cexd BMS3 digad 53 (id)S geazd jl (gl digad (W S
ole e 2 SS il s Yoo (slos 3 ytagyigs

0 -
[
E IR
2
3
iz
S v
w2
YR
2 2
k)
&
4 .
5
0 2 4 7 9 12

(486) oo

YAFA los cxiBMS3 digad ;3 (idyS ez jl (gl digad (WF JSK&
0lo a0 S5 il 423 Yo (slos 43 ytagyigs

ol dg) 83,8 (Sailil s oline 5 s laglee
el Golydw glodlg) ol by, esli GiuyS 3Ysd iz
dzdio 518 (Selioy lawe b ol pass ol 515 (slos g Lid
MGk dzys Yoo g 10e oo B0 (Yo slod iy I ilio
38l 31 B8 50 liaw dlg) (giledinds (gly oS ailie
bt cwl osds esliiwl (d9axe ladl (g, ) u,ogbe
lodiged (59, w)f ‘oL?.ﬂ o= 5l odal oy 4 ©dac
O URTI AT i C % N[ V- PRL  RESPL QT IRV B < -2
LSL"’W)S-’*S’L:" slas! UJ:W OV 25N (:,.ml)m Jlail J=o
5 Saelins (slagles 31 a6 ST iosel 3929 4 oig i
35Use YU slales

gl duw j ;3 45 30 lid cdel cuns 4 (g33e il
olee o5l (a3l b odig ity slouii)S ol 9290
4 b8 cowd Gl b abe Gl ey 5 (Soelin
S5y SBULS £95d oalyt slady) 5 el
Olsice S 5 aile Gl 65 ples glavaws )3 Ghise
5 0392 3L5 al 53 oigy iy sla)S gy 45 S dans
st e e @ £ ol (IS oS G5l b

Modares Mechanical Engineering

Yoo
RIS
2
3.
% ).
ey
E
a2
2,
o
=
0 2 4 7 9 12
(46) oy

YFYFA low cxid BMS3 digad j3 (idyS ez 1 (g] digad (W IS
olej e 0 313 il 42y Yo slod )3 siegyigs

YYEA Slade B M/Mp = WYY loe cawd b yiopyigas
UidyS olail M/Mp = VYA lee cand b yiepyissd
Uil AW IYY (ue/cycle) jlado U yao jlado I odigysia
6l LSl 42,3 Voo cals slos y3 ali3l ol ubse
G €1/ (ue/eycle) jlado 31 osd )53 (ol slaglee
W g Ve Gl S a5 Bhse Liali8l (ne/cycle) O¥YNT
31y Saelind glew Galisl 1 oS (le 428 Yee ol slos

LA (50 ul/.u.) BMS3 digal
L oS 85 amut ylgie BMS3 diged sly IS wdls s
O35S @l 52 039290 Sy laples 3 Loy ladie (yinljs]
53 09 0ty GA)S lie (izred 3950 03938] oig ey
42yd Voo slod 53 5 ylopigss YYEA YU (Sielins slagples
Sy gl & Whee Gl ezs8 BB sk 4 oSl
o ylogyigss YARA ooly (Seelias slaglas 55 (53920
SlaptiyS &y & éS aml plgice JS 3 g
S el 53 oS o3y (Selinsples g Los 51 8L odigyiag
i cde 4 & ol (L ladSaw (Il L g e3g
S el ghels (isys S Vg EXVREREUAYY
srgloo il 55 oxigy ian lodSiymss skl sximslad
2 odgytan (S Hlade iSlae &S amse glid amli
s 58] o Glas] laone gz 53 ol Jlail Joe (Sosj
&lp ﬁ)&l )gthi'j Slade sl yidon ey cwlxs Hlade >
8l wlgd alisl f edigyulan ladSdymsi g9,
(Rhaw sladg) s cuolkd 4 b8 e Gl b Gl
05 laglae cawd 53 Ghume oy iy OIS 950

(S5 donsits -0
a gl Siloin (o Jae 51 oslil L aslliae oyl 55
5 Lod 30 Guny 40 Spg yig il (Sgibden 3ild olen

Volume 22, Issue 07, July 2022


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

953 i Juelowl 9 (5555 dugler spw FVe

Sty 55 03530 2e
Jawo 53 sl Sugdcdw glbegl
Sailes V123

&ls

1- Kaae ]JL. High-temperature low-cycle fatigue of
Alloy 800H. International Journal of Fatigue. 2009
Feb; 31(2):332-40.

2-Zhu ], Chen X, Xue F, Yu W. Bending ratcheting tests
of Z2CND18. 12 stainless steel. International Journal
of Fatigue. 2012 Feb 1;35(1):16-22.

3- Kreethi R, Mondal AK, Dutta K. Ratcheting fatigue
behaviour of 42CrMo4 steel under different heat
treatment conditions. Materials Science and
Engineering: A. 2017 Jan; 679:66-74.

4-LiH, Kang G, YuC, Liu Y. Experimental investigation
on temperature-dependent uniaxial ratchetting of
AZ31B magnesium alloy. International Journal of
Fatigue. 2019 Mar; 120:33-45.

5- Karvan P, Varvani-Farahani A. Ratcheting
assessment of visco-plastic alloys at ambient
temperature by means of the AV and OW hardening
rule frameworks. Mechanics of Materials. 2019 Mar;
130:95-104.

6- Yang ], Kang G, Chen K, Kan Q, Liu Y. Experimental
study on rate-dependent uniaxial whole-life
ratchetting and fatigue behavior of polyamide 6.
International Journal of Fatigue. 2020 Mar;
132:105402.

7- Tasavori M, Zehsaz M, Tahami FV. Ratcheting
assessment in the tubesheets of heat exchangers
using the nonlinear isotropic/kinematic hardening
model. International Journal of Pressure Vessels and
Piping. 2020 Jun;183:104103.

8- Mishra P, Srinivas NS, Singh V. Ratcheting fatigue
of modified 9Cr-1Mo steel and Inconel alloy 617 at
ambient temperature: Effect of uniform plastic strain.
Materials Letters. 2022 May; 314:131916.

9- Yahiaoui K, Moreton DN, Moffat DG. Response and
cyclic strain accumulation of pressurized piping
elbows under dynamic out-of-plane bending. The
Journal of Strain Analysis for Engineering Design.
1996 Mar; 31(2):153-66.

10- Zakavi S ], Nourbakhsh M. Study on strain
accumulation of carbon Steel pressurized piping
elbows under dynamic out-of-plane bendings.
Modares Mechanical Engineering. 2015; 14 (15) :218-
224.

11- Zakavi S], Aghaei Y. The ratcheting behavior of
carbon steel piping elbows under cyclic bending
moment and temperature. Journal of the Brazilian
Society of Mechanical Sciences and Engineering. 2020
Aug; 42(8):1-9.

12- Yahiaoui K, Moffat DG, Moreton DN. Single
frequency seismic loading tests on pressurized
branch pipe intersections machined from solid. The
Journal of Strain Analysis for Engineering Design.
1993 Jul; 28(3):197-207.

13- Chaboche JL. Time-independent constitutive
theories for cyclic plasticity. International Journal of
plasticity. 1986 Jan; 2(2):149-88.

1F 53 ¥ olad (PP 0y93

Ol ASe g eSS (Susdedu sy
G G Jeld Y lales 53 exig iy glagidyS
wde dy andlal Setodly (id)S Lase 5 Loy (38 Y wde
Gl aslee GSeeliny slagles Sl 55 S Sty
oslaiwl 3530 wYlail I gg5 el ;3 45 a3 0 L oxol waws
S0isS Glise Suslius plas g Los Gl b ebuuali 5o
290 Slgi50 g g0 3 &S hise L3Sl eigytan
4 endilohe 5 g2 sbeawl 5 o gab 3l

398 Giluli glosjlu g wilslad

SilSe usige 095 ISy degazme (g Sam il :(Sil3)a8 o S
Joss by 039 5515 yol ol plnil 3 45 syl iome olSetils
33,80 Sl g yadi gl

Jol5 cole) dlie ol @aatl g g )3 OB aungd (YS! 4anls
Llosls 4,8 Jhaise 1y BWS gl

5 03 pladl Baiuagh gl j55ie Ll eled gdlio oylai
el L5 (B8 T dugd 0 (53l3 b 33 e

Ui Baings buwgi Gatind ol Glle @ilie olad o gilioe

O TV u.mt
‘c..‘s}l.c Cunyyd —F
(mm) L1 ks D,
(mm) ;2> ,hs D,
(mm) badiges bhuwgio yhd Dy,
(57D uilsy f
(N-m) Ssalins glae M
(Nm)sdas olos 3> M,
ik g e E
(Kgm™ts ) cwd ;Lid P
=hb e a5 Sm
Gl sl S
oo oSl Sy
coldus t
GRSy G jguils X
o adll Sty (sid)S P
Slge Suigdedw glacali b
ge Sugdedus glocali
Jao g olge Suisdesw e
Sl s
iliss pitle
il 63940 Ao
Setothy G195 &5 yguili de?
Hyo Sy (19)S & 55 dev
Ogwlg ud v
gl polud GA3 ay
Sl s A
Ve Sl uaige ale dolinle


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1401.22.7.5.2 ]

[ DOI: 10.52547/mme.22.7.461 ]

A4l GLhcdsj A L,:ml.ul Ol 53 e slagles g Les 530

Modares Mechanical Engineering

14- Chaboche JL. On some modifications of kinematic
hardening to improve the description of ratchetting
effects. International journal of plasticity. 1991 Jan;
7(7):661-78 .

15- Lemaitre ], Chaboche JL. Mechanics of solid
materials. Cambridge university press; 1994 Aug.

16- M. Mardomi Bashir, S. ]J. Zakavi, Evaluatin of the
ratcheting behaviour of carbon Steel pressurized
piping elbows by chaboche cyclic plasticity model, 25
th Annual international conference on mechanical
engineering, 2017 .

17- Zakavi SJ, Shiralivand B, Nourbakhsh M.
Evaluation of combined hardening model in
ratcheting behavior of pressurized piping elbows
subjected to in-plane moments. Journal of
Computational & Applied Research in Mechanical
Engineering (JCARME). 2017 Aug; 7(1):57-71.

18- Zakavi S], Zehsaz M, Eslami MR. The ratchetting
behavior of pressurized plain pipework subjected to
cyclic bending moment with the combined hardening
model. Nuclear Engineering and Design. 2010 Apr;
240(4):726-37.

19- Zakavi S], Nourbakhsh M. The effect of Basic
factors on strain accumulation of pressurized piping
elbows under dynamic moments. Modares
Mechanical Engineering. 2015 Jul; 15(5):412-8.

20- Zakavi S], Mohammadi Asl H, Babaee D. Study of
Ratcheting Behavior of 304L Stainless Steel Branch
Pipes by Using Chaboche and Combined Hardening
Models. Modares Mechanical Engineering. 2019 Sep;
19(9):2193-201.

21- Zakavi S], Malekzadeh B, Shayestehnia E,
Shiralivand B. Evaluation of several hardening
models in the ratcheting behavior of piping branch
with Different diameter/thickness ratios. Modares
Mechanical Engineering. 2018 Apr; 18(2):201-8.

22- Zakavi S ], Rahimi A, The Effect of Dynamic
Loading on the Ratcheting Behavior of Pressurized
Piping Branch. Tabriz Un. ]. of Mecanical Eng. 2015,
45(3) :63-68.

Volume 22, Issue 07, July 2022


http://dx.doi.org/10.52547/mme.22.7.461
https://dorl.net/dor/20.1001.1.10275940.1401.22.7.5.2
https://mme.modares.ac.ir/article-15-58971-en.html
http://www.tcpdf.org

