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Effect of Torsional Pre-strain on the Extremely Low Cycle Fatigue Properties of Q345R Steel
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Abstract: Extremely low cycle fatigue (ELCF) properties of pressure vessel steel Q345R steel with torsional pre-strain were investigated. The fa-
tigue tests were conducted on a MTS 809 servo-hydraulic material testing machine. The tests were run under uniaxial tension-compression load-
ing with total lateral strain control. The ELCF behaviors, such as cyclic stress response characteristics, cyclic stress-strain relationships, and the
fatigue life were investigated. The fatigue lives were processed by Weibull double parameters probability function, and the results revealed good
linear correlations between the fatigue lives and the confidence level in the double logarithmic coordinate. The strain-life data from the axial tests
were used to derive suitable Hollomon and Coffin-Manson parameters for the test material. And the fatigue life prediction models were obtained.
Moreover, the relationship between the plastic strain energy and the cycles was calculated and the cyclic toughness was analyzed. The scanning
electron microscope (SEM) micrographs revealed that compared to the material without pre-strain, the fracture of the torsional pre-strained mater-
ial has more cavities, voids and secondary cracks.

Key words: Q345R steel; torsional pre-strain; extremely low cycle fatigue(ELCF); fatigue toughness; microcosmic fracture mechanism

Q345RIEAT RAFIIZEAHURIERE, T2 T A5 T 2 A LT i v R 32 S AR A, 28
W ACTAT, SIS0 F M R A AR R o R SR AR I, SR 4 0
TAER, i TR RO AR AR asAT AR AR R 5T I B, S A A A R A, R
TR A RSN 09 SRR RN, X S5 A, T RE A LR, LA N I P i

Y is HER:2017 — 07 - 26

EETR:FZK HRPAEES PRI H (113278015 11572057; 51301115) ; 207 ¥R A5 HBA %2 B35 H (IRT14R37) ; PU)I 45 BHE S04t
KI5 B % B85 (2016GZ0294; 2015JPT0001 ) ; PUJI1 48 # T % B3 H (16ZB0255; 18ZA0352) 3 B4 4L i 5 B 47 U )1 | 45 15 52
552 3L 4 R BT H (2012CL10; 2016CL17) ;5 Aff B ICH A I 55 TR 153 00 )11 45 1 S 25 A% B A5 S 596 % % B 01 H (2018QYJ03;5
2018QZY01) ; PU I3 T 2B A A 51 3#E35 H %% B (2015RC34)

fEFRN AT F(1977—), 5, 18R, YRR, BF5E 05 0 42 J@ M 8H% 55 . E-mail kunmingfulei@126.com

* JHfHBE AR A E-mail: luoyunrong2004@aliyun.com
P 4% 4 B B 18] :2018 — 08 — 29 23 : 41 : 00 [ 4% 1 Bl 3t 31k <http://kns.cnki.net/kems/detail/51.1773.TB.20180829.2341.004 . html

http://jsuese.ijournals.cn http://jsuese.scu.edu.cn



http://dx.doi.org/10.15961/j.jsuese.201700591
http://dx.doi.org/10.15961/j.jsuese.201700591
mailto:kunmingfulei@126.com
mailto:luoyunrong2004@aliyun.com
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

553

55 &, G5 PG TR AR X Q34SRAN A 1K J& 95 57 1 R 5% i F 5% 225

iR X R 7248 2 27 9 55 75 i £ 100 J8 ¢
AN BRI, JeA PR 25 R 7, Bkl ARG e 5,
TR R 2 & K, FESRIBFE R, R I AR %
A 3 g 5 v oL AR AR 55 AT AR R AR R, R T AR
Shy 1 JOL AR R ARG S 57 ) RBLA B EL H FTAE R ) A A
BETT v, AT LU 0 #8032 AR, 3% F AR
R A A5 7R T S AR B T SR AR RS 1Y L 12 4
Sk, B R R T N AR R A 2 A AR Q345 R
()RRG5 55 FR I 5 o TR UG, JF JR R T3 25 2 A BHIY
AR B 9 57 MR REAIF 2 B HLAT 3 L

IAEE, XTI 4 A (Q345R . 16MnR) |
FE 45 A) A A AT BT 90 57 A B b el T 17 735 A1 J&1 9% 57
B — SR, i, 8 % PRI T 16MaR S 5
AR AT SR 98 55 MR, KA LA A 0 e o7 AR DL R
PRI 15 AR 1 5C  , FF48 I g 7 1 H 55 A il
A BRAE S 25 OB 58 T Q345 RAN A JAl . 8 A1 S 9%
SFPERE, KA} TR IR UF ] 24 B AIG A | AT S 406 B
87 37 7 2 L K R 55 e S B B e )
X A0CTAEFH I N ZR A5 T 1) A A1 J1 96 55 W 84 ) 7t ik
1T, 2 T 75 i 5 0 28R [ 95 9 2 4% LA
FAzR AR ih 4 8, F R 25 3R W, A2 LB oK L 3k
P BRI, 99 55 24800 7= A 1R FF A i, B
VR T s S48 b FH A0 Q2.3 5 11 A 41K J1 0 55 1k
e, WFGE R B, MORLE A S 9% 557 I 0 R, LA
IR o 5 1 2 i T 2 3 R AROUR R K 57 3R
MU A 7 1] 5 IR 98 55 R AAFAE — e I 25 57 . TR
e 2 CVRIF 5 1 S [ £ 18 TF 4590 196 SR 95 P i
TF 5% 45 S 2 B, % 990 0 48 -5 0P BHIC S8 9% 57 754w
RRATG, i o L 2 07 728 ) 348 SR B 1o 7 s il =2 184
S s e e UV OVRIE 5 ™ S 7 41 37 725 oF 35 CrM oS 11K S 9%
95 PEBE I R A, & 0 TUHH 5 AN 52 Wil A4 ek 1) 706 25 1 iy
FRAE, AEAA R 58 14 1 A% R | 0 AR 3 At D R AIG ]
9% 57 75 i Wit TOUEHL I 61 P38 2R i AT

ZE Lk, a4 1k, i e = TN AR X R ) A AR
FHQ34SREA AR JR 9% 57 1 5. 52 il i) F 5% 412 38 918 1,
VEZ 5T T #1100 28 X i 1 25 4% FH Q3 4SRN HE MK
JE 98 55 VERE BSE T , AR AR X 7 AR 52 AN J2 o U A
FEX TN A2 He ) 25 4% HI Q345 RN 4 4 DAk 71 73 i
TN AL T HR AR, o R ) 2 4 04 3 3 a5k B
R AZERHE T O AR S

1 KRR

SEIS R R 1 228 FHANQ345R, HUb FILR 75 K
PELA, AR JE B R 20 mm o H 122 Pk B A4k 22 L 45
SN 1. 208 .

F=1 AHNENFMEE

Tab.1 Mechanical propertie of test steel
mpphgy  JEIRSREE PR/ i
CIREY ] =< = ke %ﬁ@ .
GPa MPa MPa W5/ %
210 350 530 27 56.4
F2 REWNHUERS
Tab.2 Chemical composition of test steel
w(C)Y w(Si) wMn) w®) w(Tiy wMo) w(V) w(Cr)
% % % % % % % %
0.12~  0.35~ 1.2~ 0.015~ 0.020~
0.16 0.50 1.6 0.025 0.2 0.03 0.025 0.03

I 75 SR, KRR I TR AN & 1R R TR, It
1 HL YRR RO 57 IR B HLM TS 809 1 147 B A% , % ff
G35 k20 505 Tt B HH A T8 A% R 0.002 1
0.005, 45 A

y= & (1)
S .
o / FAL: mm
*© _ | ol _ _ ®
S s
60 44 60

B MR LTR Y
Fig.1 Geometry of pre-strain specimen
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Fig.2 Geometry of ELCF specimen
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al angle and confidence coefficient
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Fig. 4 Cycle stress response characteristic curves of test

material
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