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ABSTRACT Ratcheting is a cyclic accumulation of inelastic strain occurred under the stress–
controlled cyclic loading with non–zero mean stress, it is very important in assessing the fatigue life
and safety of the structure subjected to cyclic loading. The existed results showed that different
materials presented different ratcheting features, and the results were obtained from the cyclic tests
with a small number of cycles (less than 200 cyc). Therefore, based on the uniaxial strain–controlled and
stress–controlled cyclic tests with high number of cycles (more than 2000 cyc), the cyclic deformation
features of 20 steel were observed at room temperature. The effects of the cyclic softening/hardening
feature and yielding plateau of the steel and the applied mean stress, stress amplitude and stress ratio
on the ratcheting of the steel with high number of cycles were studied. The results show that the 20
steel presents a weak and stain–amplitude–dependent cyclic hardening, and the ratcheting of the steel
depends greatly on the applied mean stress, stress amplitude and stress ratio. The ratcheting strain
increases monotonically with the increase of applied mean stress and stress amplitude, but decreases
with the increase of stress ratio. A re–speeded ratcheting will occur at the end of cycling with high
number of cycles when the applied stress levels are high enough. More importantly, the yielding plateau
of the steel greatly influences the evolution of the ratcheting. It is concluded that the effect of yielding
plateau on the ratcheting should be reasonably considered in constructing the cyclic constitutive model
of the ratcheting for the 20 steel.
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8. BK, C?BC67'=<6 [11−15] ./5 304 �
L@7 42CrMo <3@A3.���D!Æ��:$A
=�� –  $DE>M, B�N'=F7EOFC�G
���, D=7./FC�G�����:$�45. $
5EGF93�����!)48, EDHF5H45�
�:$�,I, 7G3I96;4&�P�����B?
48�<6, <6���FC�G���:$�45. ,
,, 08�0JHIQ7JR?@QAKJKM�SBL
IL.@ (20 @) 4:6%�;4&�%�!)/;, M
0 20 @�%�N/T?4(KO"���#�K#�LC
7#�MA=���FC�G�P��!):$�45.

1 DEFG
/;��$NMQÆNOPO8� 20 @ (RIS7

HPSIJ), P?UQR (B2R:, %) $: C 0.19, Si
0.22, Mn 0.46, P 0.021, S 0.007, Cr 0.04, Ni 0.01,
Cu 0.02, Fe V2. ! 20 @S�"IQA?TQUV
W$ 30 mm, KR$ 10 mm �/?WSTX. /;

UX$ MTS809–250kN T;J, LY#!VSTQ$
25 mm �ZWT1Y2, KM TestStar–IIU?[\4:
Æ�U?7:VZW. "@[)ZMXX[. � 20@4:
5\LYWK��#!%�7���#�%�/;. Y]
4Z[E, \LYW7#!%�A�#!"@\]$ 2×
10−3 s−1, #�%�A�#�"@\]$ 400 MPa/s. %
�;4M6$ 2.5×103 cyc, /;^W$^^. 08A, _
N0'="@IZ�6%�;4/;A ����!)
;/, �`aZM][�K:N_b#!���#!^b,
,,, 23ZMN#!)`���#! εr, P^b$

εr =
1
2
[ln(1 + εmax) + ln(1 + εmin)] (1)

`A, εmax 7 εmin R_$'`%�AYa�M/7Mc
�LY_b#!. ` (1) ^b���#!/O$'`%�
AN#!���C. ��#!]^b$a'`"@%�,
\<LY��#!�P2.

2 DEQRSTU
2.1 VWXYZ[

$5b^%�/;A�"@c�, ddVS\LYW
/;15H 20 @�'=:0�U(5. 20 @^^&�Y
Weeff 1 g3. ]^, 20 @�\LYWeeb0E
O�FC�G (FC�GVWg$ 2% LY#!), hP8
FCc (g$ 400 MPa) 7&FCc (g$ 300 MPa) g
�#�#�Cd_;/. _YiWg$ 500 MPa; ��h
(;G, hW]]e 35% \i.
2.2 ]^_`ab

� 20 @4:5 2 1#!LC (±0.7% 7 ±0.5%)
&�\L��#!%�/;, ga�5##�LCj%�
;4c\�3[eeff 2 g3. ]^, 20 @0�P�#

d 1 20 �	
�`jkk
Fig.1 Uniaxial tensile stress–strain curve of 20 steel

d 2 20 �������	������
Fig.2 Stress amplitude response curves of 20 steel under

uniaxial strain–controlled cycling

!LC&S*f�P�%�N/T?4(: 0;&#!L
C (±0.5%) &, 0%��IlaU, 20 @g*fEO�
%�N?*+, BbS'^�%�;4 (100 cyc) c, 5
##�LCledP", g*f'^�%�T?*+; h
#!LCP/ (±0.7%) ,, 20 @O$'Ileg*fE
O�%�T?4(, 0%�SiA5##�LCedP/.
m�%n, 20 @0�P#!LC&g*f�%�N/T?
iWD�/, M/f$ 10% \i.
2.3 f_`ghijZ[

<65 20@06%�;4&��:$�B?48A
=��#�K#�LCK#�M7���FC�G���
:$�45. f 3 jf5��0#�LC$ 250 MPa, �
P��#�"@IZ&��#!m%�;4�B?[g.
f 4 jf5��0��#�$ 100 MPa, �P#�LC
"@IZ&��#!m%�;4�B?[g.

$f 3 7 4 ]Ahf, k#�c�4_c ((100±
200) MPa) �"@IZcK, 20 @0\L���#�%
�&� �5EO���!), hP��:$oiNhC
���#�7#�LCc�. m��#�,#�LC�P
/, ��#!7��#!]�P/. hK"#�c�;6
,, 0'^�%�;4cjf*��#!]a4p\P/
�*+, "2��!)k\PV, f@ln-$ (150±
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d 3 nm����� 250 MPa �������	����r


Fig.3 Evolution of ratcheting strain under the stress cy-

cling with a constant stress amplitude (250 MPa)

and various mean stresses

d 4 nm����� 100 MPa �������	����r

Fig.4 Evolution of ratcheting strain under the stress cy-

cling with a constant mean stress (100 MPa) and

various stress amplitudes

250) MPa(f 3), (100±300) 7 (100±275) MPa(f 4)
�p). ,,, TXj,��!)S/%1��(qo. /
;LpqgE, 0k`%�SiA, 20 @D=7f*��
n^lQ. Cams��, _N 20 @b0EO�FC�
G, ohP8FCc (g$ 400 MPa) 3M&FCc (g
$ 300 MPa) 6rp, %/;ZM�"@IZA�qCY
#�ÆGO0 300—400 MPa c\, nG!ZrP��
!):$m"@c��!?7;/r!.

_f 3 7 4 ]^: (1) hO"�qCY#�AN,6
N���8FCc,, 0%��'Il��e �EO�
��!), 7cm%�;4�P"st19. 0k`%�
SiA, ��#!]ded&#, 4%es'`u^��
�#!], BMcbS'^�%�;4c��#!]lj
k\P/, f (150±250) MPa(f 3) 7 (100±300) MPa
(f 4)2 1p). (2) hO"�qCY#�&N8FCc
%6N���&FCc,, 0%��IlaU_N��q
ONt(!)aU, =7��!) �, ��#!Ct0
N�. bS'^�%�;4, _N��t(!)��u^,
0K"#�>M&sv ��(!), "2��!)� 
�. f*��!)c, ��#!�B?jC8ut, ��

#!]PXedvc, Mces'`u^C. jC8�P
��, k (100±275) MPa IZK, 0%�cu=7��
#!]a4p\PV�*+, f (50±250) MPa(f 3),
(100±225) 7 (100±250) MPa (f 4) 3 1p). (3) h
#�c�;&,, f (100±200) MPa IZ, _N,,�
qC#�&N,t0���&FCc, ONu^�t(!
)aU, ,,, 0j^�%�;4A=7��!) �.

f 5 jf5qC#�$ 350 MPa ,, �P#�M R

�"@SiA��#!�B?pZ. ]^, P��B?�
Sijf 3 7 4 gS*�[g/2mP. 0#�M R �

AN −1 �IZA, ��#!7��#!]�m#�M R

�P/%vc; #�M R=−1 ,, 0k`%�SiA=7
��#! �.

_,]o, ��FC�GA=S/�8K&FCcd
C"25��:$�dw. $54'uM0FC�G��
�:$�45, UT5'1/;vw1vR7K]FC�
G�45.

d 5 nmx���� 350 MPa ����� R �	����r

Fig.5 Evolution of ratcheting strain under the stress cy-

cling with a constant peak stress (350 MPa) and var-

ious stress ratios R

2.4 pqrstijZ[uvw
$5RxFC�G�����:$�45, 4:5!

TX_#!U?�\LYWxFC�G87YSFC�
Gca4:qC#�$YWwyc#�C����#�
%�/;, <6P��!)�wP. YSFC�G�"@
IZ$: (1) \LYWx 2.2%(#!] 2×10−3 s−1, �
##�$ 325 MPa)→(50±275) MPa #�%� (2.5×
103 cyc). A& (2)—(4) �$YxFC�G�"@IZ:
(2) \LYWx 0.5%(#!] 2×10−3 s−1, �##�$
300 MPa)→(50±250) MPa #�%� (2.0×103 cyc);
(3) \LYWx 1%(#!] 2×10−3 s−1, �##�$
300 MPa)→(50±250) MPa #�%� (2.0×103 cyc);
(4) \LYWx 2%(#!] 2×10−3 s−1, �##�$
300 MPa)→(50±250) MPa #�%� (2.0×103 cyc).
q7=7ylYW#!�%���/; ((50±275) MPa,
2.5×103 cyc; (50±250) MPa, 2.2×103 cyc) 4:�M.
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/;LpR_ff 6 7 7 g3.
_f 6 ]^, ��0VSyYW 2.2% #!%zI

8FCcc, 0#�%�/;'Ile �EO���!
); %=7bwylYW,, _N"@�qC#�O0�
��8K&FCcc\, C>5;<��ON�u^�t
(!)aU, >x=7��!) �. B�, h �EO
���!)cyz�B?[g'2. _,]^, hK"q
C#�6N&FCc%&N8FCc,, 8FCcf�%
�IlaU���!) �z?>M, %���!)f*
c�ct��#!�B?[g=7EO45. f 7 Ag3
�YWy#!$ 0 7 2% ,�Lp{O35mP�[g.

Cams��, f 7 AhylYW#!$ 0.5% 7

1% ,, P��B?g*f'1�PN67���!)B
?48, z0%��IlaU��#!]m%�;4�P
"%P", abS'^�%�c, h��#!Ces 2%
\i,, ��#!]{m%�;4�P"%ed&#. o
h, ylYW#!;c,, ��#!]�PV\]Ek, B
�Mces�u^���#!]yz:0mP. n[E0
ylYW#!O0FC�G8KYSFC�G7=7yl

d 6 (50±275) MPa ��Æ(x`j��	����r

Fig.6 Evolution of ratcheting strain under the stress cy-

cling of (50±275) MPa with and without previous

strain–controlled tension

d 7 (50±250) MPa |y(x`j���	����r

Fig.7 Evolution of ratcheting strain under the stress cy-

cling of (50±250) MPa with various pre–strain by

strain–controlled tension

YW#! 3 1pZ&, ��gg*f���B?[g7r
/��P. h���#�%��qC#�ONFC�G8
,, _N,,��g*f'1]T?�8|�(!), 0
%�SiAvN ��(�� *+, z��!), ,,,
:3!)zO0FC�G8, 0%�SiAP��!)]
ej�}P/. :7h��#!C6NPFC�G�VW
(g$ 2%) ,, _N��ct�#!i?:$f*{jK
��!)]m%�%�}vc.

82FC�G���!)�45gE, 0� 20 @�
��:$4:/;780<6,G}�,u45"A<

8�./, nX{5EGF9376{�����:$.

3 QU
(1) 20 @g*f|�%�T?4(, ohP%�T?

4(oiN#!LC. #!LC~/, ���%�T?4
(~EO. 20 @�\L��:$EOoiN��#�7
#�LC�c�. ��#�,#�LC~/, ��#!7
��#!]~/, oh0��!)SiA, =7f*��
n^*+.

(2) hK"qC#�6N&FCc%&N8FCc
,, 8FCcf�%�IlaU���!) �z?>M,
%�ct��#!�B?[g=7EO45.

(3) FC�G�����:$7EO45. 0FC�
G8,, %�SiA��!)]�}P/, :7h��#
!C6NFC�G�VW (g$ 2%) ,, _Nct�#!
i?:$f*{jK��!)]m%�%�}vc.
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