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Experimental study on ratcheting and softening behavior of stainless steel 304L
thin-walled shells under cyclic pure bending load
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Original Research Paper In this research, softening and ratcheting behavior of SS304L thin-walled shells under cyclic pure
Received 11 February 2016 bending load were investigated. Experimental tests were carried out by a servo-hydraulic INSTRON
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Available Online 20 April 2016 8802 machine under force-control and displacement-control conditions and the effect of different

parameters such as mean force, force amplitude, length of the shells existence and position of cutout
were examined. Under displacement-control loading, softening behavior was observed and under force-

Keywords: . . . N . .

Th%/n_wa“ed shell control loading with non-zero mean force, accumulation of plastic deformation or ratcheting phenomena
Cyclic pure bending load occurred. Based on experimental results, linear relation was observed between plastic energy and rate of
Ratcheting plastic deformation, which shows the rigidity of fixtures used in the experimental tests. It was observed

Softening, Cutout that increase of the force amplitude was accompanied by an increase in maximum force and plastic

deformation. Also, analyzing the existence of cutout, ratcheting displacement of cylindrical shells with
cutout in the middle of shell is higher than that of the shell without cutout and crack propagation
occurred in this area. Under displacement-control loading, reaction of thin-walled shells under cyclic
pure bending load is divided into four areas, incubation, transition, steady-state and crack propagation.
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Fig.13 ratcheting displacement vs. number of cycles for cylindrical
shells with mean force 0.3kN and force amplitude 1.4kN with/without
circular cutout under pure bending
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Fig.15 Ratcheting displacement vs. number of cycles for cylindrical
shells for mean force 0.3kN and force amplitude 1.4kN and the length
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Fig.16 Ratcheting displacement vs. number of cycles of cylindrical
shells with mean force 0.3kN and force amplitude 1.4kN and length
280mm with different diameters

50 b syl slaaigy (sl S Slass oy Siiz lrarl> 16 S
sl o5 5 280MM _tass coms oo b LAKN 55 azels 5 0.3KN 1 oSilee
2 oot el e (gl Gles lpln ol (ohes pylisS
el (olS (phaS it o ladigy Sdly (255 (Sals]

Jy - el G5k -5
G ,L cou bdiges woole IS  Sdigdp il Sdghlou ow)p &l
Chwgy dwdid dw Ceowd pl 0 3 S 13 aS- obals
g wiiled 55 (6,51 g9 ol ilas )5 15 20MM plrale alls
95 U Slp (Bhe (§95 (3B (nl 50 WBbor Al e S Jelt S
R R e (R e R
17 S @ azgs b ool oo 43,8 a5 50 (Ll Coon 1 95 Cg>)
2 3l om adel Gl S j0 52 awaie A e )0 AS 0ed oo cualis
sladiug )3 Gml 4 gy (e b g Vb 4 g, (Ao b Jood (S
JyS- glule AT )L cov lbatug, e b oo ielS SU e
L satug adgl (Swisdey 5w plis 055l (Sigd ey )13,

shebiee 5 (oo plabe mhaw b gatug 5l i 4 59 pls glabie mhaw

2 r Incubation .
Transition

/ /
Steady-Stat
£\ - eady-State

Crack

/ propagation

30

e thin-walled shell with circular cross section

-2 = «= = thin-walled shell with square cross section

thin-walled shell with rectangular cross section

Fig.17 Force changes vs. number for displacement-control in different
geometries

‘5\,,J,:45L_¢L'>4€\.,>&_;)|;\3’)L“51ﬂk)$:.molqﬁgwsfgolxﬂﬁl7JS...‘;‘;
calizee slvdawass

4 o )ploits 16 0,95 1395 5 (o rowe Suilfe wise



Oe 9 (S puld Sgoxo

G295 el ired (1A )L s SS304L Ks)3us (53Y9d S)HU IS sladimgy uf.\i,a“»f)ig iin ) YU ) (=5 Julxs

steady internal pressure, International Journal of Plasticity, VVol. 24, No. 10,
pp. 1756-1791, 2008.

[8] S.P.Vaze, E. Corona, Degradation and collapse of square tubes under cyclic
bending, Thin-Walled Structures, Vol. 31, No. 4, pp. 325-341, 1998.

[9] D. Moreton, K. Yahiaoui, D. Moffat, H. Machin, L. Amesbury, The
behaviour of pressurised plain pipework subjected to simulated seismic
loading, Strain, Vol. 30, No. 2, pp. 63-72, 1994.

[10] B. Gao, X. Chen, G. Chen, Ratchetting and ratchetting boundary study of
pressurized straight low carbon steel pipe under reversed bending,
International journal of pressure vessels and piping, Vol. 83, No. 2, pp. 96-
106, 2006.

[11] X. Yang, Low cycle fatigue and cyclic stress ratcheting failure behavior of
carbon steel 45 under uniaxial cyclic loading, International Journal of
Fatigue, Vol. 27, No. 9, pp. 1124-1132, 2005.

[12] X. Chen, R. Jiao, K. S. Kim, On the Ohno—Wang kinematic hardening rules
for multiaxial ratcheting modeling of medium carbon steel International
Journal of Plasticity, Vol. 21, No. 1, pp. 161-184, 2005.

[13] G. Kang, Y. Liu, Z. Li, Experimental study on ratchetting-fatigue interaction
of SS304 stainless steel in uniaxial cyclic stressing, Materials Science and
Engineering: A, Vol. 435, pp. 396-404, 2006.

[14] F. YOSHIDA, J. KONDO, Y. KIKUCHI, Viscoplastic behavior of SUS304
stainless steel under cyclic loading at room temperature, JSME international
journal. Ser. 1, Solid mechanics, strength of materials, VVol. 32, No. 1, pp.
136-141, 1989.

[15] M. Shariati, H. Hatami, H. Yarahmadi, H. R. Eipakchi, An experimental
study on the ratcheting and fatigue behavior of polyacetal under uniaxial
cyclic loading, Materials & Design, Vol. 34, pp. 302-312, 2012.

[16] J. Zhu, X. Chen, F. Xue, W. Yu, Bending ratcheting tests of Z2CND18. 12
stainless steel, International Journal of Fatigue, Vol. 35, No. 1, pp. 16-22,
2012.

[17] M. Shariati, H. Hatami, Experimental study of SS304L cylindrical shell
with/without cutout under cyclic axial loading, Theoretical and Applied
Fracture Mechanics, Vol. 58, No. 1, pp. 35-43, 2012.

[18] M. Shariati, K. Kolasangiani, G. Norouzi, A. Shahnavaz, Experimental study
of SS316L cantilevered cylindrical shells under cyclic bending load, Thin-
Walled Structures, Vol. 82, pp. 124-131, 2014.

[19] S. Bari, T. Hassan, Anatomy of coupled constitutive models for ratcheting
simulation, International Journal of Plasticity, VVol. 16, No. 3, pp. 381-409,
2000.

[20] M. Rezaiee-Pajand, S. Sinaie, On the calibration of the Chaboche hardening
model and a modified hardening rule for uniaxial ratcheting prediction,
International Journal of Solids and Structures, Vol. 46, No. 16, pp. 3009-
3017, 2009.

[21] ASTM A370-05, Standard test method and definitions for mechanical
testing of steel products.

[22] G. Chen, X. Chen, C.-D. Niu, Uniaxial ratcheting behavior of 63Sn37Pb
solder with loading histories and stress rates, Materials Science and
Engineering: A, Vol. 421, No. 1, pp. 238-244, 2006

[23] K. Dutta, K. Ray, Ratcheting phenomenon and post-ratcheting tensile
behaviour of an aluminum alloy, Materials Science and Engineering: A, Vol.
540, pp. 30-37, 2012.

4 o jlosis 16 095 1395 L5 urde Suilke wiiie

8l e BT (15 e I 5 Aged Sl g Wb o

5 JriSm s bl cod gl Al s IS0 0 -6
oRIBN s 4 lallgiul g Job (l38 Lol 651351
Ol &5 5 Sz olmle (so5ee slaiis 5 ol ,gliaS
L oo 0Bl o BT 5 s 535 alall 5 b oo SRl
5 il Olos (RalS ame)o 5 slailgal aing, LS als
oo (Rl S 165 (Sealsl (i B

b 5 sye vl ghaite gl b Sl laatagy -7
WS @lole lilyd 0 oyl (alls s (IS )L o
SRSk Lals 55 5w oo lis 395 5l ( Swish o L3,
py ey 6o (59 pls ahate phavw b STIU o aingy (LSS
el 5 (srpe gbaio o b anolie )0 5 5tin (SWisd
ahie a2 L S50 las loaiuy 6lp przres
9okl G35 adsl as; 4ol L Jelatas 5 (e 921
A oanlie S5 o)

&2l po=T

[1] K.-H. Chang, W.-F. Pan, Buckling life estimation of circular tubes under
cyclic bending, International Journal of Solids and Structures, Vol. 46, No.
2, pp. 254-270, 2009.

[2] K.-H. Chang, W.-F. Pan, K.-L. Lee, Mean moment effect on circular thin-
walled tubes under cyclic bending, Structural Engineering and Mechanics,
Vol. 28, No. 5, pp. 495-514, 2008.

[3] E. Corona,S. Kyriakides, An experimental investigation of the degradation
and buckling of circular tubes under cyclic bending and external pressure,
Thin-Walled Structures, Vol. 12, No. 3, pp. 229-263, 1991.

[4] M. Elchalakani, Plastic mechanism analyses of circular tubular members
under cyclic loading, Thin-Walled Structures, Vol. 45, No. 12, pp. 1044-
1057, 2007.

[5] M. Elchalakani, X.-L. Zhao, R. Grzebieta, Variable amplitude cyclic pure
bending tests to determine fully ductile section slenderness limits for cold-
formed CHS, Engineering Structures, VVol. 28, No. 9, pp. 1223-1235, 2006.

[6] S. Kulkarni, Y. Desai, T. Kant, G. Reddy, P. Prasad, K. Vaze, C. Gupta,
Uniaxial and biaxial ratchetting in piping materials—experiments and
analysis, International Journal of Pressure Vessels and Piping, Vol. 81, No.
7, pp. 609-617, 2004.

[7] S. M. Rahman, T. Hassan, d E. Corona, Evaluation of cyclic plasticity
models in ratcheting simulation of straight pipes under cyclic bending and

332



