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Abstract: With the rapid development of hydrogen energy technology, metal equipment is
increasingly used in hydrogen environments. However, the hydrogen embrittlement effect will

significantly weaken the fatigue performance of metal materials, posing hidden dangers to the
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safety of related equipment. Therefore, it is of great significance to accurately predict the fatigue
life of metal materials in a hydrogen environment. This paper systematically analyzed the fatigue
crack growth behavior of metal materials in a hydrogen environment and summarized the effects of
various parameters on the fatigue crack growth rate under the hydrogen embrittlement effect. At the
same time, the research on fatigue properties of metal materials in a hydrogen environment and the
application of fatigue life prediction methods were investigated. The fatigue crack growth rate of
metal materials in hydrogen environment can be used as an input to calculate the fatigue life of
materials, but research has found that the fatigue crack growth rate is affected by a variety of
parameters. Although the method based on fracture mechanics is commonly used in the fatigue
crack growth stage and serves as a commonly used theory for fatigue life prediction in a hydrogen
environment, its solution efficiency needs to be improved. With its efficient and accurate
prediction performance, machine learning is widely used in the life prediction of various fatigue
problems. However, it is still less applied in the field of fatigue life prediction of metal materials in
a hydrogen environment. If relevant data enhancement methods can be used to expand fatigue life
data in hydrogen environments, machine learning-based methods can be used for life prediction,
which may significantly improve the efficiency of fatigue life prediction of metal materials in
hydrogen environments.
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Fig. 2 Causes of hydrogen embrittlement of materials and

factors influencing its sensitivity
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Table 2 Research on effect of hydrogen embrittlement on fatigue properties of metal materials
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Table 3 Research on fatigue life prediction in hydrogen environments

e e WO % W A
86] BCCH Yo T I T R IR BE T8 NS 5 T 7 4 3 25 7
16 1.0% N A& A AP T L G Rt i L 9
[83] XTOBLI | WA TR
. TR A A T
101] 304 1B R TERI T A SR 5 A o R
GRS ARAT T35 2 5 B9 35 7 i FL
[85] Cr-Mo 84 I 57 1
’ o PEA T (1 FFAIK 90.0%
(102 | R R R PR o B R R AU AL BN, FOE S 7 s (LR K
1103] HIC IR G5 6 PR B A B 3 95 75 o R S L NI S e R %
295 7 B T IS I IR R, LB 1110
[104] L 2 NS 07 % s *, . .
T 1

QU A A T g 2 B o Paris 25 2UE R H:
T o 2 B Ok LA =R R

da/dN = C(AK)" (4)
K da/dN R RGP JEH ;€ om o Paris 7 4L
AK I 75 B T . iR R R ) IR R AL
KR MK B 2 [ Ry . Wl R B
ARG T

a = (AK,/25) /n (5)
K, HVIIR RS BE 5 S, AR RE AR
AK,, R K BB 758 5 RT3 LAY R

Ji K Bl 22 A 2 ) Paris AR BEAT T8,

DATTAR 2480 J By B 10 9% 57 F5 i o W F 53 48 4r
X 55 B LA B 520, WALKER "7 Paris 23 24
FETA TSR = S, /S0, AR (4) 3R

da/dN = ¢[(1 - R)"K,..] = c[(1 - R)"""aK]

(6)
o H o0, m, CY R Paris WA K, Fem e KN 150
JEH
J& K ELBERM &t T 248001 A &, JLT4F
KW n| TR Z2E WIS . ZA 5T W A
SN 5 R T R AK, s % 57 2L 80l R
L, =l (7) s
da/dN = C(AK,,) = C(U - AK)" (7)
Hrpr,
U:Sm—&msz—szl—KMKm
S =S K. - K, 1-R
e S, WAL I 45 LT 5K, R % 55 4
SUBKTF S B 0 7 58 B PR F o
25 20 (4) o S 2 i Wi 24 ) 2 vh i T 30 1Y 9

E R TGN IT 5 < R/ W S R G TR
SRR WU 57 R Ay A W 5k, — L
S F AR 2oz F T 55 A 1) WU . BOUTET
SN BT = g 5 S SO R of BT BOHE R
B P, 3 TR M T 2 ) 2 ST T 9 Y A A T
AR 38 2k 24 80 R 0 UE T A A
HERAPE . MARKHAM MATTHEW %5190 45 & 7 %
S LY R By BTz N 2 s T 24 ) 24 ik
2 Bl 55 P G ATk B T — A TR
A /NG 55 75 i 00 5 1 o

2 BPE WT 2 ) 2 0 R I8 T R I SR
P X 9 5 0 2 45 4 O SOHE R I B2 . YAZDANTI
SRS T OAE SR A L DT 2 ) 2R A N B R
G A [ B F0 0 R B4 B . MALJAARS 2§V
FHER 55 By 24 g 22 BRAE JF & T AR AL, A X
At 5 7 2 5L DT 24 ) 2 4 9% 55 PP AR BF Y LA
P 5T A e T B — 1> B R N 91 P03 B % 57 Wy
24 TEATE BT 20 & A 4 T G5 A0 7K 32 0% 55 3 A
i 118 2 5OME 238 T A28 5 P A Bk 1] ) o 19 2 25
RFITE

BR T 4k M T 2R T A, R D 2 ) 2R
SRR 95 LY R By B R UL — Rl 57 F5
Wk, T ZH T LN RE YR,
HAek = (8) frRt:

I

da/dN = B(Ae,Vma) - (8)

B om WMRER G Ae, R DAL B N R EL
RERBIE .

TE L L B R 7 2 v, 1N 7 56 5 DR i S
O AIRE F7 AR AR JLART IR PR IR SO B2 A S Y

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



58 kv EIXFEFER(OEAHFRK)

2024 %8 A

PRI, (H 2 2 3 s A M XA R 5 S K
Z AR I, 2R T 2 T S A Rk, B
AN NP S B FA €N i pliw v SN O |5 é
AT R, AT s 9% 57 24 805 /NS EL
AT h . NORAPHAIPHIPAKSA 451356 5
T BRIC W VEAS T A5 A0 A Ak 2 foh X Sk B S
(4 87 3 AR A3 A5, LA K ik sl 57 4 80 2B A R
AR, SR i T A R T KT 24 T Ok W Tk sh
% 57 T AH HE 2R B W 2 Ty 2E ) ik B RS
I 25 B AN 4, BAHLOUL 5175 3 4 1 Thip
Ay S E R T S RS i £
MUK 3 1 250, 91 T17A 7075-T6 i A 4 e 4%
PR A 25 1F T 10 5 A 597 B4 80 S 754

BT 22, W4 ) 243 R 80 Je B B W
R0 55 75 i U 7 ok 32 B R 3 T e s 2 06 /05X
TN 4 & AR AE I 57 N 3R 1) A7 i, 2 3 5 A
oA R 2 A it R R S 57 W IR U] A M AT,
ME G BRI 38 R T R 5T I B . BRI
ZAb BT ORI () 9% 55 77 o 00 O ik AE AR
WAL R BT R e T B ARG
SRR L R ARG B AR RN B AR UL T R A5
DA 3J I A 110 2 ORISR | E I 48 v % 97 75 o il
) B P A AT RE L (R, TCIS R ME R 1 RS
WO I T HLER Y 7 i, B TR A7 A AR 2 4 N7 PRI M
SRR IR 1o 55 ) L 3kt 2 R 9% 57 75 i W
T4 I8l R R i DR 14 [ A
3.2.2 Wi D)2 05 AR A IREE T 19 1

BE T84 724 10 05 1o i 229 57 75 i 0 5
R SRR TG, HEER A IE RS
b S A (1 S BT A A . R
i) RO (0 G540 76 AR BT T 19 95 B S A TR
], ZHOU 85 L F Wi 24 1410 5 i, oy Bl b 7
FE USRS OB RN I35 TP AN () R 48 (A A7 1)
9% 57 FAw (B 21) 48 HFE 2 R B AL i % 1
I 55 75 i B PN A% 06 10 s A 3, i AE SR B T
() 75 o ) L AE 25 SO BE R B £ AR, At
W3 T W7 34 T 22 1 7 e T R R AR R
73 F0 NG SRR A5 X9 55 7 i s e, I8 A
SRR RHIBE 95 75 i ) 5 i) B T R R i
FE M REAR IR B T S At T 28 24 0 7 vk
ST LR MR SR W2 ) 2 0 et L N AR R

B 42 g 9% 97 75 N R . RAJABIPOUR %1
3 1 BRI Y BT AR A B Rk T 24 e ke A
AN B T B 5 B R R AT
LR TP IR 2 T 2 0 5 A T A2 T et e R AU
9% 577 FF S 5 00 14 5 T 14 15 54

200 1.0
design fatigue lifetime of 4340(GB) in 105 MPa H/air

180
{, in air for D =350 mm
160 o—K. in H_ for D=350 mm 10-8
140 L C 0 mm
< 120 in H, inair 106
s 100} -
£ 8ol {04
=
< {02
0 : = - s 0.0
10' 10? 10° 10* 10° 10°

number of fatigue cycle/cycle
T2 GB R b s K Fom TR IS 1R 80 B 3 38 IR s afe o BORFE B2 1 ¢
DRIEJIERRINAR .

B 21 R AR 4340(GB) & 7 % % 42 105 MPa T #9%
440
Fig. 21 Design life of 4340 (GB) pressure vessels with

different inner diameters at 105 MPa!"""

NGUYEN S5 SR - 2 Ty 2= ik i T
X70 i S5 T8 7E P 3R 10 A7 75 B B B 04 3 A3 9% 57 75
firo EMRIEI T F i AR iR ey R
—NETIEA T, MR Ly R b Frh g e
SRR AR, B SR A9 55 Ay R AN ) 5
JEE PR3 TRl =z 1) 9 D6 R ATl X (4) ik, o AK
A5 Ry
AK = FAo /ma (9)
s Ao B F 43 5] Ry S SO G N7 g3 FRL A 2 B
& IE R E . N5 R T AK SO 8k
Uity A B i RN 7 e DR 5 /N I D i R TR R A
22, Wi, (5N

da/dN = c(mm/m)'” (10)
a, d N,
a m
i CF"(Ac) @ f dN (11)
0
N, =

2 1 ~ 1
(m = 2)Cv"(a) 7| (a,)" " (a)" "
(12)
Ko, AWIIRRHEOREE ;o N A RHBOREE N, R
I 55 FFA 50 RREJE Y N AT EL

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F21E5 %4

E M5 AR T 2 B AR e R S AT AL s A R 59

NGUYEN %5 2 38fir BUA ) 4 ZE SR E a0, MR
FREJE ¢, B 24 1<16.0 mm B}, ¢,=0.5 mm; 24 16.0<i<
51.0 mm B , ¢,=1.1 mm; 24 >51.0 mm F} , a¢,=1.6
mm, V) Uh BEECHE e (B B2 A B ) iRy 1/3, HL
TER S W AR 1 E oAb, RSO T
TER LY et e vh vl A i 2281k, SCRR[83 146 1Y,
TE 5 e WH 58 Hh AT L4 7 4 B LG AR 52 0, DL A
R GECE ST

NAGATSHI &5l % 1 24 1) filt 11 Y 304 K45
B 53 TR 25 SO SR EE T 9% 55 M a0 e il
e, JFIE o W B T 27y R A 57 F i, I IR 45 2R
R, SUREE N & Jm bR 55 745 4 52 1V 77 1 B2 1Y
SO RS R SR AN B 57 T A
25 SR B 30N B AEAR N R R, 304 A8
AN AR SN A ST W 57 A A LT IO 2 5%
QT2 T 2 X T AR ) 2 (R 55 75 T A5
R TR AT 0 10 7 7 A8 SRR HICH S5 1
I8 B A RO L o 1l T 28 00 P A R Ak R B
VT AR BE G S8 — T 2 I KR, 2R 1 Y 3 3 12 3l a8
IR 228 R A e RO IR 2 T E1R R T 4
— % LEE %5l it 48— J1 2 00 i HE S T
AUME BCC AN e = FJE 57 T I3 ) 27 AT 72 4
T T AR R IR R B X BCC AN R AT 9% 57 77
AP BUERAL, . G2 — 1 TR AR B 455 5 % &
o A, I HA AL B 22 RO RN FIAE 217 R
(R RE T, 75 42 J@ A ORLIE 57 73 A 900 A &L e A5 v
A B Y I I

M EIRET ARk LA AR B 4
J& B OREIE 57 T i TN 5 vk LR — AR Gy
2, LRI s 22, HOA DB 58 A AROUE 77 27 £

FE WK 454G 2R AR O B ) S B AT R
PRIT . BRI 9 55 M e 2 38 MHRHE S 55 2L F 1Y
AR T BLAURRAE , G 46 # B} 10 9% 55 75 i L% 55 5
JEE 9% 55 W 24 1 A T T I N AR . B I SRR
T 4 JE AR 57 ISR N A K 2 R EEFE IR &
XA FHIZ 57 iR 5 R DT 4 457) P 79 5 ) g D, A O %
57 A U ) 25 R AT AR K K e 25 ] o AH G AL
i 2] 7 L G AR — SR 5 ]8T rp A AR
JB X B2 O SR 4 m % 55 75 i 0
BT
3.3 HIBFEIEESRETHEA

BILAR 2 2 0 2 — b ot 1 5080 o0 A 5 v, vl
DA 3 5% 5 Ak b Ak S 1T AT &, B AT & A A
AU 46 0 A B T] 38 RE 7E 52 2% I 55080 4 h iR 45
TRZI0) UL o fedln , BLER 2% > vk O &l T v FH
4 Jm A RL I 55 R G S X SRR N 1 4R
PRI A BT o A A BE 9 55 2480 e ke
T2 AP0 1 S0, Wi HLES 27 2] 9% 55 16 407
B J5 vk B A [m] IE 2% J R 0 1 S 800, WL A % 57
Mgy RAoMPZA TREZEEN LT,
MORTAZAVI %5 20 g ST 7 — 43 ) 32 R B0 il 48
PR 264 A5 75 Sfe T I 97 55 SR 40 i v Ji s R
FRAS , FLAE A AE BRI P 22 Fif /R o 7 Zead i 06 4
P 90 UE J5 &I, P PR R BT )R 22 (B RE T, ]
THE B R K A Ay e 9 AE 2k . BHOWMIK
SELVZE B W BR A B T SR AR AR Y 5 i
AR ) 4 80 i R B 1) 7 e R PR S T A
THIE 57 0405 A A, 120R R AH B 3k 4 28 A4
)AL PR B V8K

RBF-ANN

output

TE R o N 1K RFR I TT 1

. /
@ 37T B R

0 >0.>0,>0, o8 = 1e)

| Short Crack

. A
8 o0
O30

~

22 K TR A2 M %y K 4 B s TR AR e L)

Fig. 22 Long and short crack prediction framework based on radial basis neural network"*”

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



60 kv EIXFEFER(OEAHFRK)

2024 %8 A

AT SC U XF B4 R 57 M BE 1Y 52w FT 0 A
RE A3 e BME BB X A RV 55 T A A LY
M) , YA R L) 1Y OC R R AR 227 RS H R
NARAYANA 525 1 T — i it 45 ) 45 A 750 f 411
A 18Cr-12Ni-Mo B PG AR 85 80 i 43 T 5 H
SEPEREZ A E 2L R . KIM 262l i AL Ay 24 )
BB G A T3, LA S B DU S 4 %o BRI A
SAEBARE HAFSE TAE R AR WA 23 FTR o A
KoM 48 FE W, Ni i Mo J2 5% M B[R 0 S e 15
B FEICER, JIIMTEAL T 4 PR FRPENL &R 2% S
TR A b PN [R) T00 9% R AiF B804 pR B ME BRI 4R
TE A AR e BB AR PRASE TR 1 M 30 A i

H E, $7 Al 56 A o5 g0 2w o SR T
& JE MR 95 5w 1) BRI AW DB E
HE A0 28 I 25 SE ML 2 >0 VR N F 5 SR S 9 55
FEAmHU . GUO SRR 4l S a0 v ) R
U 55 F i Z A = AR R G R @S T AT
P22 I 285 114 GSBOA 7K T 1y 5 B A% 57 75 iy Tl I A
R GBS UE AT A BN 25 R A, B S K GRS
R 0 T 25 S — 3 . ZHAO 21 gh S L 3 ik
F AL 46w 22 W 2%, S BT PR EE AL 4 8 A AL
W 7 M P 85 A 9 55 F54 o

@ M5 Bl

S~ Features

o HIRARME
o EHAREA o BEHUARM-Zt A
- BRAFRAK o Dl

« Pearsonff >k R 5 - ZEFRENL

Correlati
Predicted val

Actual value
o HlAREE SRR

HA & Fi A

&
JI&RIAEA

B 23 A T HN S KRR AR SERRAC R B 5 3 o ok o
TR

Fig. 23 Workflow of machine learning-based methods for

predicting hydrogen embrittlement of austenitic steel"*

B &7 > 125 02—l DATR] Ak A% GE 9% 57 75 i 10
I 55 23 M 648 O vk L BE S S Bl ) &2 %
Bs 4 AR BUBAN A5 B o 12 TT IR R A FEARIT &
JRAS FNRUBS, , L K 4 S 0T I 1) 25 00 i, (B A A
LG R 25 R AL RE ) AN SR SR RN . XA
S 1l 249 FEAE I8 57 75 iy PO 400 A Jr Y PR 3R, ROk
A NIZTT 1] TR LR~ > IE A 55 73 i T 5 ThD
AT o AL , B T LA 7 ) 1Y S IR IE T 9 57 75
i B A D R A AT AR I A o 25 1]

4 RBE

ARSCPA T A IREE T & @ MR 55 75 i T
BB FE R, ok NS R T 4 b Rk g 55 ey
JEAT AR AT T RS b T & S EOT I 57
BRI ST RN} P = VAN AN = R WA WA N
N 2R A5 R AR S8 0, SUNE AR 52 gl 9
57 280 R R BT o AH RT3 0 5T ok
B, 1K S8 S RO % 97 FL AT R TR A 5 I A 7 )
i, Bz S H0n L mE A . LT W 2=
J7 I AE 4 @ % 55 5 o WO el R R )Tz R
ROy R G AT N R AR T
2 BT . 0 R I AT 55 A
RS, BIVAT 38 o Wy 28 g 2% K A OG5 vk kAT
A O, H 3 6 T v A7 A 2o O 28 56 20 =X B
fE VA S D B i N S L P s N B S 1A 6
KA IREE T 4 Jm b RLE 57 75 i T () T 5% 7 R B
BT — MR H R — e )y A T BT R E
A BT

D) FEEWE TN, 022 C 40 o i e 4T
TARIZEON &4 B 57 280 e MR 1
R (HEE RAFAE 22 5, W 2 3 BT 9T 32 WA 5
N T L2 IR 55 B S0y R SR T A
D) 308 2 5 K BN AT B X % S T R A R R
R, AT &R A RHE 57 Ay AT
322 AR SR X T R C A K
BAFEZ SRR L AN , AR R S 800 UM 7E
TR 55 ey R 3R s e AR ERR . Gn
fr i AL A S B A X 57 8 e R
R 2 J S5 T A U ) A

2) FEF KB g 2 (9% 55 75w B0 77 vk T LAGE
TR R T RS B R S R R A
SO UM 55 F5 A, AR SIS F 8% 2 .
{HJR 7 U9 57 75 A 0 1) 3 F2 P AFAE AR 2 AN
WM. 3T WA )2 0y Jr ik 255 B RHAE B
— R STRES T RS R AT B SE R, )8
MBS B0 e idk 52 % I L R ) A5 R R A
ZASE . AN, BB 1R 2 B S
BT A 158 2 S 2o 5 R TR 485 R (RORS 2 . ROk
HBIF 5% T 22 O T AN 8 1 0 A RIS E 1T 4 v

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F21E5 %4

E M5 AR T 2 B AR e R S AT AL s A R 61

W 55 7 i I BAOR E

3) Bl A5 R AEAE ) FH e 248 A0 S 44 X0l
B 27 > 0 F Bl FRSE TR A B A ROl AR
FEXZS AR A B o DL A AT R ) S 4 5
V5 BRR BB A8 5 B 4R 55 e IV N BB R AT
{EL Py X LA A S 0 T RE A S5 R R TR 3R Y R
X LETTIEAFAE—E R R BRYE . HLdeor > PN 22
i A 22 AT AR A SRk WOZ T A A &
9% 55 F3 i WU O AT EORALH IF HE & el
ZH TP o7 e rp o B, SRR 6w
IR I 55 T i U 20 A7 am FIPL & 27  i,  fig
HE TN Y 0 B Bl R AT B 45 O e 3 A g i 4 7
TEHEATYT ST, s IPLAS o ) B R AT 75 i 1
HEAT S R AR A PT RS JEE

(8% 30k ]

[1] LIAO D, ZHU S P, KESHTEGAR B, et al
Probabilistic framework for fatigue life assessment of
notched components under size effects[ J]. International
Journal of Mechanical Sciences, 2020, 181: 105685.
DOI: 10.1016/j.ijmecsci.2020.105685.

[2] WANG H, CHEN X, YANG S, et al. A dehydration
kinetic model of calcium silicate hydrates at high
temperature [ J]. Structural Concrete, 2023, 24 (2) .
1997-2008. DOI: 10.1002/suc0.202200038.

[3] LIUX, LITR, ZHOU Z H, et al. An efficient multi-
objective reliability-based design optimization method
for structure based on probability and interval hybrid
model [J]. Computer Methods in Applied Mechanics
and Engineering, 2022, 392: 114682. DOI: 10.1016/].
¢ma.2022.114682.

[4] LIUX, GONG M, ZHOU Z H, et al. An improved first
order approximate reliability analysis method for
uncertain structures based on evidence theory [J].
Mechanics Based Design of Structures and Machines,
2023, 51(7) : 4137-4154. DOI: 10.1080/15397734.
2021.1956324.

[5] ZHU S P, LEI Q, HUANG H Z, et al. Mean stress
effect correction in strain energy-based fatigue life
prediction of metals [J]. International Journal of
Damage Mechanics, 2017, 26(8) : 1219-1241. DOI:
10.1177/1056789516651920.

[6] SCHIJVE J. Significance of fatigue cracks in micro-

ASTM

range and macro-range [M]. Pennsylvania:

International, 1967, 415-459.
[7] SHANG D G. A new approach to the determination of
fatigue crack initiation size [J]. International Journal of

Fatigue, 1998, 20(9): 683-687. DOI: 10.1016/s0142-

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1123(98)00035-8.

MUGHRABI H. Microstructural mechanisms of cyclic
deformation, fatigue crack initiation and early crack
growth [J]. Philosophical Transactions Series A,
Mathematical, Physical, and Engineering Sciences,
2015, 373 (2038) : 20140132. DOI: 10.1098/rsta.
2014.0132.

LIHF, WEILJL, LIS H, et al. Fatigue life prediction
of high-speed train bearings based on the generalized
linear cumulative damage theory [J]. Fatigue &
Fracture of Engineering Materials & Structures, 2023,
46(6): 2112-2120. DOI: 10.1111/ffe.13984.

GAN L, WU H, ZHONG Z. Multiaxial fatigue life
prediction based on a simplified energy-based model
[J]. International Journal of Fatigue, 2021, 144:
106036. DOI: 10.1016/j.ijfatigue.2020.106036.

WANG H J, LI B, XUAN F Z. Fatigue-life prediction
of additively manufactured metals by continuous
damage mechanics (CDM) -informed machine learning
International Journal of
Fatigue, 2022, 164: 107147. DOI: 10.1016/j.ijfatigue.
2022.107147.

CHAN K S. Roles of microstructure in fatigue crack

with sensitive features [J].

initiation [ J]. International Journal of Fatigue, 2010,
32 (9) : 1428-1447. DOI: 10.1016/j. ijfatigue. 2009.
10.005.

MURAKAMI Y, TAKAGI T, WADA K,

Essential structure of S-N curve: prediction of fatigue

et al.

life and fatigue limit of defective materials and nature of
scatter [J]. International Journal of Fatigue, 2021,
146: 106138. DOI: 10.1016/j.ijfatigue.2020.106138.
SADANANDA K, NANI BABU M, VASUDEVAN A
K. A review of fatigue crack growth resistance in the
short crack growth regime [J]. Materials Science and
Engineering: A, 2019, 754: 674-701. DOI: 10.1016/].
msea.2019.03.102.

Wibr, %, BEUCHH , 28 . XUBLI R AR AR i e i A
) i 57 g T (], KD T RS2 4 (A 2R
BR2E AR ), 2021, 18(3): 105-110. DOI: 10.19951/;.
cnki.cslgdxxbzkb.2021.03.013.

CHEN Biao, HE Jianjun, CHENG Qingyang, et al.
Experimental research on bending fatigue of connecting
bolts at blade root of wind turbine [J]. Journal of
Changsha University of Science & Technology (Natural
Science) , 2021, 18(3) : 105-110. DOI: 10.19951/j.
cnki.cslgdxxbzkb.2021.03.013.

PATRA S, CHANDRA K P, LI W, et al. Performance
study of cooling plates with single and double outlets for
lithium-ion battery thermal management system based

on topology optimization [J]. International Journal of

Green Energy, 2023: 1-19. DOI: 10.1080/15435075.

# A5 M 3k http://cslgxbzk. csust. edu. cn/cslgdxxbzk/home



62

KL XFFHROHRAFR)

202448 A

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

2023.2253886.

YANGS Y, HEZ Y, CHAL J B, et al. A novel hybrid
adaptive framework for support vector machine-based
study [J].
Structures, 2023, 58: 105665. DOI: 10.1016/j.istruc.
2023.105665.

ZHUS P, YUZY, CORREIA ], et al. Evaluation and

comparison of critical plane criteria for multiaxial

reliability —analysis: a comparative

fatigue analysis of ductile and brittle materials [J].
International Journal of Fatigue, 2018, 112: 279-288.
DOI: 10.1016/j.ijfatigue.2018.03.028.

HU Y N, WU S C, WITHERS P J, et al. The effect of
manufacturing defects on the fatigue life of selective
laser melted Ti-6Al-4V structures [J]. Materials &
Design, 2020, 192: 108708. DOI: 10.1016/j. matdes.
2020.108708.

WANG Z L, WEN Y, WANG Z H, et al. Resilience-
based design optimization of engineering systems under
degradation and different maintenance strategy [J].
Structural and Multidisciplinary Optimization, 2023,
66(10): 219. DOI: 10.1007/500158-023-03671-0.
ZHANG D Q, ZHANG N, YE N, et al. Hybrid
learning algorithm of radial basis function networks for
[l
Reliability, 2021, 70 (3) : 887-900. DOI: 10.1109/
TR.2020.3001232.

ZHU S P, NIU X P, KESHTEGAR B, et al. Machine

learning-based

reliability  analysis IEEE  Transactions on

probabilistic ~ fatigue  assessment
ofturbine bladed disks under multisource uncertainties
[J]. International Journal of Structural Integrity, 2023,
14(6) : 1000-1024. DOI: 10.1108/ijsi-06-2023-0043.
GAVRILJUK V G, SHYVANIUK V M, TEUS S M.
Hydrogen in engineering metallic materials [M].
Switzerland : Springer Chem, 2022.

GAO T R, JING J P, CHEN C M, et al. A practical
nonlinear damage accumulation method to predict the
life and crack propagation of blade subjected to
multilevel cyclic fatigue loads [J]. The Journal of Strain
Analysis for Engineering Design, 2020, 55(3/4) : 86-
98.DOI: 10.1177/0309324719900598.

MA H, ZHU S P, GUO Y Q, et al. Residual useful life
prediction of the vehicle isolator based on Bayesian
inference [J]. Structures, 2023, 58: 105518. DOI:
10.1016/j.istruc.2023.105518.

ZHU S P, HUANG H Z, PENG W W,

Probabilistic physics of failure-based framework for

et al.

fatigue life prediction of aircraft gas turbine discs under
uncertainty [1].
Safety, 2016, 146: 1-12. DOI: 10.1016/j. ress. 2015.
10.002.

LIU R J, DENG Y, LI Z. The maximum entropy

Reliability Engineering & System

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Soft
DOI:

negation of basic probability assignment [J].
Computing, 2023, 27 (11) 7011-7021.
10.1007/s00500-023-08038-7.

GUO P, LIU Q, YU S, et al. A transformer with layer-
cross decoding for remaining useful life prediction [J].
The Journal of Supercomputing, 2023, 79 (10) :
11558-11584. DOI: 10.1007/s11227-023-05126-1.
SUX Y, GUAN X F, XU Z H, et al. A new decision
making method based on Z-decision-making trial and
evaluation laboratory and ordered weighted average and
its application in renewable energy source investment
[J]. Frontiers in Energy Research, 2022, 10: 978767.
DOI: 10.3389/fenrg.2022.978767.

HE J C, ZHU S P, GAO J W, et al. Microstructural
size effect on the notch fatigue behavior of a Ni-based
superalloy using crystal plasticity modelling approach
[J]. International Journal of Plasticity, 2024, 172:
103857. DOI: 10.1016/}.ijplas.2023.103857.

B S, ATIEA, HAR L 45 . MoS/Ti,C,T, & &M KLY
il 2 S H AT A AR BT [T ). KD I TR 22240
(HAARLARRD , 2022, 19(3) : 40-49. DOI: 10.19951/
j.enki.1672-9331.2022.03.004.

XIONG Zhongyi, REN Yanjie, GAN Lang, et al. Study
on preparation of MoS /Ti,C,T, composite material and
its hydrogen catalytic properties [J]. Journal of
Changsha University of Science & Technology (Natural
Science) , 2022, 19 (3) : 40-49. DOI: 10.19951/j.
¢nki.1672-9331.2022.03.004.

ZHANG D Q, SHEN S S, JIANG C, et al. An
advanced mixed-degree cubature formula for reliability
analysis [J]. Computer Methods in Applied Mechanics
and Engineering, 2022, 400: 115521. DOI: 10.1016/j.
cma.2022.115521.

MARTIN M L, CONNOLLY M J, DELRIO F W, et al.
Hydrogen embrittlement in ferritic steels [J]. Applied
Physics Reviews, 2020, 7(4): 041301. DOI: 10.1063/
5.0012851.

MASOUDI NEJAD R, SINA N M, MA W C, et al.
Artificial neural network based fatigue life assessment
of riveted joints in AA2024 aluminum alloy plates and
[yl
International Journal of Fatigue, 2024, 178: 107997.
DOI: 10.1016/].ijfatigue.2023.107997.

MENG D B, YANG SY, DE JESUS A M P, etal. A

novel hybrid adaptive Kriging and water cycle algorithm

optimization of riveted joints parameters

for reliability-based design and optimization strategy:
application in offshore wind turbine monopile [J].
Computer Methods in
Engineering, 2023, 412:
cma.2023.116083.
R, KA, BRI R T SCRR T 2 i A MR AT

Applied Mechanics and

116083. DOI: 10.1016/j.

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



F21E5 %4

E M5 AR T 2 B AR e R S AT AL s A R 63

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

I B RS AT L)) MR R, 2019, 33
(3 T2) : 488-496.

LI Fengxia, ZHANG Jun, ZHAO Chenggang. Research
progress, hotspots and trends of hydrogen embrittlement
based on bibliometrics [J]. Materials Reports, 2019,
33(sup 2): 488-496.

HOR, LT, SROK{E, S5 A A RAL TG H A
SUNEBUBE L] G Jm 2R, 2021, 57(8): 977-988.
DOT: 10.11900/0412.1961.2020.00363.

XIAO Na, HUI Weijun, ZHANG Yongjian, et al.
Hydrogen behavior of a

embrittlement vacuum-

carburized gear steel [1].
2021, 57 (8) : 977-988. DOI: 10.11900/0412.1961.
2020.00363.

BELVF, B, AR, 55 OREMEERRR SN
W R [J]. & )8 % 4t , 2020, 56 (4) : 444-458.
DOI: 10.11900/0412.1961.2019.00427.

LI Jinxu, WANG Wei, ZHOU Yao, et al. A review of

research

Acta Metallurgica Sinica,

status  of hydrogen embrittlement for
automotive advanced high-strength steels [J]. Acta
Metallurgica Sinica, 2020, 56 (4) : 444-458. DOI:
10.11900/0412.1961.2019.00427.

LI K D, TANG B, ZHANG M Q, et al. Hydrogen
diffusion behavior within microstructures near crack
Mechanics  of

10.1016/j.

tip: a crystal plasticity study [J].
Materials, 2024, 195: 105032. DOL:
mechmat.2024. 105032.

ZHANG W, BAO Z M, JIANG S, et al. An artificial
neural network-based algorithm for evaluation of fatigue
crack propagation nonlinear
accumulation [J]. Materials, 2016, 9(6) : 483. DOI:
10.3390/ma%9060483.

PESTANA M S, KALOMBO R B, FREIRER CS ], et

al. Use of artificial neural network to assess the effect of

considering damage

mean stress on fatigue of overhead conductors [Jl.
Fatigue & Fracture of Engineering Materials &
Structures, 2018, 41(12): 2577-2586. DOI: 10.1111/
ffe.12858.

GAN L, WU H, ZHONG Z. Fatigue life prediction
considering mean stress effect based on random forests
and kernel extreme learning machine[J]. International
Journal of Fatigue, 2022, 158: 106761. DOI:10.1016/
j-ijfatigue.2022.106761.

BARBOSA JF, CORREIAJAF O, JUNIORRCST,
et al. Fatigue life prediction of metallic materials
considering mean stress effects by means of an artificial
neural network [J]. International Journal of Fatigue,
2020, 135: 105527. DOI: 10.1016/j. ijfatigue. 2020.
105527.

GLASSER I, PANCOTTI N, AUGUST M,

Neural-network quantum states,

et al.

string-bond  states,

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

and chiral topological states [J]. Physical Review X,
2018, 8: 011006. DOI: 10.1103/physrevx.8.011006.

CHENG G, WANG X L, CHEN K Y, et al. Probing
the effects of hydrogen on the materials used for large-
scale through multi-scale

transport of hydrogen

simulations [J]. Renewable and Sustainable Energy
Reviews, 2023, 182: 113353. DOI: 10.1016/j. rser.
2023.113353.

MALEKI E, UNAL O, SEYEDI SAHEBARI S M, et
al. Application of deep neural network to predict the
high-cycle fatigue life of AISI 1045 steel coated by
industrial coatings [J]. Journal of Marine Science and
Engineering, 2022, 10 (2) : 128. DOI: 10.3390/
jmse10020128.

ZHANG X C, GONG J G, XUAN F Z. A deep learning
based life prediction method for components under
creep, and creep-fatigue conditions [J].
International Journal of Fatigue, 2021, 148: 106236.
DOI: 10.1016/j.ijfatigue.2021.106236.

JIAY F, FU R, LING C, et al. Fatigue life prediction

based on a deep learning method for Ti-6Al-4V

fatigue

fabricated by laser powder bed fusion up to very-high-
cycle fatigue regime [J]. International Journal of
Fatigue, 2023, 172: 107645. DOI: 10.1016/].ijfatigue.
2023.107645.

YANG J Y, KANG G Z, KAN Q H. A novel deep
learning approach of multiaxial fatigue life-prediction
with a self-attention mechanism characterizing the
effects of loading history and varying temperature [J].
International Journal of Fatigue, 2022, 162: 106851.
DOI: 10.1016/].ijfatigue.2022.106851.

DUANH Y, HE H, YUE S Q, et al. Analysis of high-
cycle fatigue life prediction of 304 stainless steel based
on deep learning [J]. JoM, 2023, 75 (11) : 4586-
4595. DOI: 10.1007/s11837-023-06042-8.

ZHOU R Z, XING Z G, WANG H D, et al. Prediction
of contact fatigue life of AT40 ceramic coating based on
Methods
10.1108/

network [J]. Anti-Corrosion and
Materials, 2020, 67 (1) : 83-100. DOI:
acmm-10-2019-2190.

HAN ST, WANG C, KHATIR S, et al. A deep neural

network approach combined with Findley parameter to

neural

predict fretting fatigue crack initiation lifetime [J].
International Journal of Fatigue, 2023, 176: 107891.
DOI: 10.1016/j.ijfatigue.2023.107891.

VENEZUELA J, ZHOU Q J, LIU Q L, et al. Hydrogen
trapping in some automotive martensitic advanced high-
strength steels [J]. Advanced Engineering Materials,
2018, 20 (1) 1700468. DOI: 10.1002/adem.
201700468.

ATRENS A, LIU Q L, ZHOU Q, et al. Evaluation of

# A5 M 3k http://cslgxbzk. csust. edu. cn/cslgdxxbzk/home



64

KL XFFHROHRAFR)

202448 A

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

automobile service performance using laboratory testing
[J]. Materials Science and Technology, 2018, 34:
1893-1909. DOI: 10.1080/02670836.2018.1495903.
DE GUZMAN ] J. The influence of hydrogen on
MS980, MS1180, MS1300 and MSI500 martensitic
advanced high strength steels used for automotive
[D]. The
Queensland, 2017. DOI: 10.14264/uql.2017.799.
PRADHAN P K, ROBI P S, ROY S K. Micro void

coalescence of ductile fracture in mild steel during

applications Brisbane : University  of

tensile straining [J]. Frattura Ed Integrita Strutturale,
2012, 6(19): 51-60.

L . B X80 LA o7 B AT A W SE (D).
JE5T: A RE (BT, 2018, DOT: 10.27643/d.
cnki.gsybu.2018.000019.

AN Teng. Study on the fatigue damage behavior of X80
pipeline steel in hydrogen environment [D]. Beijing:
China University of Petroleum (Beijing) , 2018. DOI:
10.27643/d.cnki.gsybu.2018.000019.

RAJA V S, SHOJI T. Stress corrosion cracking: theory
and practice[M]. London: Elsevier, 2011.

WR24BH , Thokotk, BX0EEE , 45 . 2V UERE T 2205 XU
AN A S BT R ]. MR R , 2023, 56
(3) : 35-40. DOI: 10.16577/j. issn. 1001-1560.2023.
0057.

CHEN Xingyang, MA Linlin, ZHAO Fengting, et al.
Hydrogen-induced cracking of 2205 duplex stainless
[l
Protection, 2023, 56 (3) : 35-40. DOI: 10.16577/j.
issn.1001-1560.2023.0057.

PO, ERCE, A4, 55 E IR T X52 B LM
Ry P PERE[T]. bR S i, 2020, 34(22) : 22130-
22135. DOI: 10.11896/c1db.19070188.

BAI Guanggian, WANG Qiuyan, DENG Haiquan, et

al. Hydrogen resistance of X52 pipeline steel under

steel in  hydrogen environment Materials

hydrogen environment[J]. Materials Reports, 2020, 34
(22): 22130-22135. DOI: 10.11896/cldb.19070188.
WEI R, SIMMONS G. Environment enhanced fatigue
crack growth in high-strength steels [R]. Washington:
National Academies of Sciences, Engineering, and
Medicine, 1973.

DEY S, SIVAPRASAD S, DAS N, et al. Influence of
hydrogen on fatigue crack growth in 7075 aluminum
alloy [1].
Performance, 2023, 32(2): 782-792. DOI: 10.1007/
$11665-022-07119-2.

HOLBROOK J, COLLINGS E, CIALONE H, et al.
Hydrogen degradation of pipeline steels: final report
[R]. Ohio: Battelle Columbus Labs, 1986.
DADFARNIA M, SOFRONIS P, BROUWER J, et al.

Assessment of resistance to fatigue crack growth of

Journal of Materials Engineering and

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

natural gas line pipe steels carrying gas mixed with
hydrogen [1].
Energy, 2019, 44(21): 10808-10822. DOI: 10.1016/
j.ijhydene.2019.02.216.

ZHANG R M, MA K, PENG W Z, et al. Effects of

hydrogen pressure on hydrogen-assisted fatigue crack

International Journal of Hydrogen

growth of Cr-Mo steel [J]. Theoretical and Applied
Fracture 2024, 129: 104202. DOI:
10.1016/j.tafmec.2023.104202.

wj R, LS, TR, 45 I A X80 LN LA
FEAE JH B8 55 280y e AL [T ], i Uz, 2023,
42(7): 754-762.

GOU Jinxin, NIE Ruyu, XING Xiao, et al. Fatigue
crack growth model of X80 pipeline steel in hydrogen

Mechanics,

environment for quantification of hydrogen pressure
effect[J]. Oil & Gas Storage and Transportation, 2023,
42(7): 754-762.

SLIFKA A J, DREXLER E S, NANNINGA N E, et al.
Fatigue crack growth of two pipeline steels in a
L1l
Science, 2014, 78: 313-321. DOI: 10.1016/j. corsci.
2013.10.014.

sK—, WU, R, F LB R R P AT
X80 9 W2 Jig #2451 e RE e [ ], R B A

pressurized hydrogen environment Corrosion

2020, 37 (3) : 1-8. DOIL: 10.3969/j. issn. 1001-
4837.2020.03.001.

ZHANG Yiwei, GU Chaohua, LI Yanhua, et al.
Effects of hydrogen in synthetic natural gas on

mechanical properties of X80 steel spiral welded pipe
[J]. Pressure Vessel Technology, 2020, 37(3): 1-8.
DOI: 10.3969/j.issn.1001-4837.2020.03.001.
HOLBROOK J, CIALONE H, MAYFIELD M, et al.
Effect of hydrogen on low-cycle-fatigue life and
suberitical crack growth in pipeline steels [R]. Ohio:
Battelle Columbus Labs, 1982.

GASKELL D R, LAUGHLIN D E. Introduction to the
thermodynamics of materials[ M ]. London: CRC press,
2017.

JE ek, TR, BB, AF . R S A AN
WA AT SR (D). AL THERE , 2022, 41(2):
519-536. DOI: 10.16085/j.issn.1000-6613.2021-0575.
ZHOU Chilou, HE Mohan, GUO Jin, et al. Review on
hydrogen embrittlement of austenitic stainless steel
weldments in high pressure hydrogen atmosphere [J].
Chemical Industry and Engineering Progress, 2022, 41
(2): 519-536. DOI: 10.16085/j.issn.1000-6613.2021-
0575.

FASSINA P, BRUNELLA M F, LAZZARI L, et al.
Effect of hydrogen and low temperature on fatigue crack
Engineering Fracture

10.1016/j.

growth of pipeline steels [J].
2013, 103: 10-25. DOI:

Mechanics,

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



F21E5 %4

B, AT & B ah g o5 A e T A BLLLE) A L 65

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

engfracmech.2012.09.023.

SUN Z, MORICONI C, BENOIT G, et al. Fatigue
crack growth under high pressure of gaseous hydrogen
in a 15-5PH martensitic stainless steel: influence of
pressure and loading frequency [J]. Metallurgical and
Materials Transactions A, 2013, 44 (3) : 1320-1330.
DOI: 10.1007/s11661-012-1133-5.

MATSUNAGA H, TAKAKUWA O, YAMABE J, et al.
Hydrogen-enhanced fatigue crack growth in steels and
Philosophical
Transactions Series A, Mathematical, Physical, and
Engineering Sciences, 2017, 375(2098) : 20160412.
DOI: 10.1098/rsta.2016.0412.

MATSUOKA S, TANAKA H, HOMMA N, et al
Influence of hydrogen and frequency on fatigue crack
growth behavior of Cr-Mo steel [1].
Journal of Fracture, 2011, 168 (1) : 101-112. DOI:
10.1007/s10704-010-9560-z.

NISHIKAWA H A, ODA Y, NOGUCHI H. Loading-

frequency effects on fatigue crack growth behavior of a

its  frequency  dependence [J].

International

low carbon steel JIS S10C in hydrogen gas environment
[J]. Journal of Solid Mechanics
Engineering, 2011, 5(2) : 104-116. DOI: 10.1299/
jmmp.5.104.

LECKIE H P, LOGINOW A W. Stress corrosion
behavior of high strength steels [J]. Corrosion, 1968,
24(9): 291-297. DOI: 10.5006/0010-9312-24.9.291.
YAMABE J, YOSHIKAWA M, MATSUNAGA H, et

al. Effects of hydrogen pressure, test frequency and test

and Materials

temperature on fatigue crack growth properties of low-
hydrogen [J].
Structural Integrity, 2016, 2: 525-532. DOI: 10.1016/
j.prostr.2016.06.068.

OGAWA Y, UMAKOSHI K, NAKAMURA M, et al.

Hydrogen-assisted, intergranular, fatigue crack-growth

carbon steel in gaseous Procedia

in ferritic iron: influences of hydrogen-gas pressure and
temperature variation [J]. International Journal of
Fatigue, 2020, 140: 105806. DOI: 10.1016/j.ijfatigue.
2020.105806.

TAKAKUWA O, OGAWA Y, OKAZAKI S, et al. A
mechanism behind hydrogen-assisted fatigue crack
growth in ferrite-pearlite steel focusing on its behavior
in gaseous environment at elevated temperature (1.
Corrosion Science, 2020, 168: 108558. DOI: 10.1016/
j.corsci.2020.108558.

KANEZAKI T, NARAZAKI C, MINE Y, et al. Effects
of hydrogen on fatigue crack growth behavior of
austenitic stainless steels [J]. International Journal of
Hydrogen Energy, 2008, 33 (10) : 2604-2619. DOI:
10.1016/}.ijhydene.2008.02.067.

MURAKAMI Y, MATSUOKA S. Effect of hydrogen on

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

fatigue crack growth of metals[J]. Engineering Fracture
Mechanics, 2010, 77(11): 1926-1940. DOI: 10.1016/
j-engfracmech.2010.04.012.

NGUYEN T T, HEO H M, PARK J, et al. Fracture
properties and fatigue life assessment of APl X70
pipeline steel under the effect of an environment
containing hydrogen[J]. Journal of Mechanical Science
and Technology, 2021, 35 (4) : 1445-1455. DOI:
10.1007/s12206-021-0310-0.

Bk, HOLIT, GFR, 5. W R S AP X Zr-Sn-
Nb & 4 JEGEE 57 By AT M ISE AT 5E ()], JR T
RERF 4R, 2021, 55(3) : 527-533. DOI: 10.7538/
yzk.2020.youxian.0267.

WEI Lianfeng, CUI Guangshun, BAO Chen, et al.
Effect of temperature and hydride on fatigue crack
growth behaviour of Zr-Sn-Nb alloy welded seam [1].
Atomic Energy Science and Technology, 2021, 55
(3): 527-533. DOI: 10.7538/yzk.2020.youxian.0267.
MA K, ZHENG J Y, HUA Z L, et al. Hydrogen
assisted fatigue life of Cr-Mo steel pressure vessel with
coplanar cracks based on fatigue crack growth analysis
[J]. International Journal of Hydrogen Energy, 2020,
45 (38) : 20132-20141. DOI: 10.1016/j. ijhydene.
2020.05.034.

LEE H W, DJUKIC M B, BASARAN C. Modeling
fatigue life and hydrogen embrittlement of bce steel
with unified mechanics theory[J]. International Journal
of Hydrogen Energy, 2023, 48 (54) : 20773-20803.
DOI: 10.1016/j.ijhydene.2023.02.110.

LEE S M, PARK S Y, BONG BAEK U,

Evaluation of the residual fatigue lifetime of a semi-

et al.

elliptical crack of a low-alloy steel pressure vessel
under high-pressure gaseous hydrogen[J]. International
Journal of Fatigue, 2023, 176: 107875. DOI: 10.1016/
j-ijfatigue.2023.107875.

OKONKWO P C, BARHOUMI E M, BEN
BELGACEM I, et al. A focused review of the hydrogen
storage tank embrittlement mechanism process [J].
International Journal of Hydrogen Energy, 2023, 48
(35) : 12935-12948. DOI: 10.1016/j. ijhydene. 2022.
12.252.

DWIVEDI S K, VISHWAKARMA M. Hydrogen
embrittlement in different materials: a review [J].
International Journal of Hydrogen Energy, 2018, 43
(46) : 21603-21616. DOI: 10.1016/j. ijhydene. 2018.
09.201.

SUN X Y, ZHOU T G, SONG K, et al. An image
recognition based multiaxial low-cycle fatigue life
prediction method with CNN model [J]. International
Journal of Fatigue, 2023, 167: 107324. DOI: 10.1016/
jijfatigue.2022.107324.

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



66 kI RFEFER(AAHFR)

202448 A

[91] ROY A, MANNA I, CHATTORAJ I. Anomalies in
hydrogen enhanced fatigue of a high strength steel [J].
International Journal of Fatigue, 2014, 59: 14-22.
DOI: 10.1016/j.ijfatigue.2013.10.002.

[92] SONG S W, KIM J N, SEO H J, et al. Effects of
carbon content on the tensile and fatigue properties in
hydrogen-charged Fe-17Mn-xC steels: the opposing
trends [J]. Materials Science and Engineering: A,
2018, 724: 469-476. DOI: 10.1016/j. msea. 2018.
03.117.

[93] KOYAMA M, AKIYAMA E, LEE Y K, et al
Overview of hydrogen embrittlement in high-Mn steels
[J]. International Journal of Hydrogen Energy, 2017,
42(17) : 12706-12723. DOI: 10.1016/j.ijhydene.2017.
02.214.

[94] MCGUIRE M F. Stainless steels for design engineers
[M]. Ohio: ASM International, 2008.

[95] RICHARD P G, BRIAN P S. Gaseous hydrogen
embrittlement of materials in energy technologies: the
problem, its characterisation and effects on particular
alloy classes [M]. Sawston: Woodhead Publishing,
2012.

[96] ZHOU C S, HONG Y J, ZHANG L, et al. Abnormal
effect of nitrogen on hydrogen gas embrittlement of
austenitic stainless steels at low temperatures (1.
International Journal of Hydrogen Energy, 2016, 41
(31) : 13777-13785. DOI: 10.1016/j. ijhydene. 2016.
06.100.

[97] ZHANG 1., WEN M, IMADE M, et al. Effect of nickel
equivalent on hydrogen gas embrittlement of austenitic
stainless steels based on type 316 at low temperatures
[J]. Acta Materialia, 2008, 56 (14) : 3414-3421.
DOI: 10.1016/j.actamat.2008.03.022.

[98] TAKAKI S, NANBA S, IMAKAWA K, et al
Determination of hydrogen compatibility for solution-
treated austenitic stainless steels based on a newly
proposed nickel-equivalent equation [J]. International
Journal of Hydrogen Energy, 2016, 41(33) : 15095-
15100. DOI: 10.1016/j.ijhydene.2016.06.193.

[99] KANG J H, NOH H S, KIM K M, et al. Modified Ni
equivalent for evaluating hydrogen susceptibility of Cr-
Ni based austenitic stainless steels [J]. Journal of
Alloys and Compounds, 2017, 696: 869-874. DOI:
10.1016/j.jallcom.2016.12.061.

[100]IZAWA C, WAGNER S, DEUTGES M, et al.
Relationship between hydrogen embrittlement and M,
temperature:  prediction of low-nickel austenitic
stainless steel’ s resistance [ ] ]. International Journal of
Hydrogen Energy, 2019, 44 (45) : 25064-25075.
DOI: 10.1016/j.ijhydene.2019.07.179.

[101 INAGAISHI N, YOSHIKAWA M, OKAZAKI S, et al.

Evaluation of fatigue life and fatigue limit of
circumferentially-notched type 304 stainless steel in air
and hydrogen gas based on crack-growth property and
cyclic stress-strain response [J]. Engineering Fracture
Mechanics, 2019, 215: 164-177. DOI: 10.1016/j.
engfracmech.2019.05.005.

[102]MICHLER T, NAUMANN J, SATTLER E. Influence
of high pressure gaseous hydrogen on S-N fatigue in two
austenitic stainless steels [J]. International Journal of
Fatigue, 2013, 51: 1-7. DOIL: 10.1016/j. ijfatigue.
2013.01.010.

[103]GIBBS P J, SAN MARCHI C, NIBUR K A, et al.
Comparison of internal and external hydrogen on

stainless  steels [C]l/
Proceedings of ASME 2016 Pressure Vessels and
Piping ASME, 2016:
PVP2016-63563. DOI: 10.1115/PVP2016-63563.

[104]YANG Z G, LIS X, LI Y D, et al. Relationship among
fatigue life, inclusion size and hydrogen concentration

for high-strength steel in the VHCF regime [J].

fatigue-life  of austenitic

Conference. Vancouver:

Materials Science and Engineering: A, 2010, 527
(3): 559-564. DOI: 10.1016/j.msea.2009.10.056.
[105]WALKER K. The effect of stress ratio during crack
propagation and fatigue for 2024-T3 and 7075-T6
aluminum [M]. West ASTM
International 100, 1970: 1-14. DOI: 10.1520/stp32032s.

[106 JELBER W. The significance of fatigue crack closure
[M]. West Conshohocken: ASTM International 100,
1971: 230-242.DOI: 10.1520/stp26680s.

[107]SKELTON R. Energy criteria and cumulative damage
during fatigue crack growth[]]. International Journal of
Fatigue, 1998, 20(9): 641-649. DOI: 10.1016/s0142-
1123(98)00027-9.

[108 JBOUTET P, HILD F, LEFEBVRE F. Probabilistic

Prediction of Fatigue Life of Cracked Parts: linear

Conshohocken:

Elastic Fracture Mechanics based Approach [J].
Procedia Engineering, 2013, 66: 343-353. DOI:
10.1016/j.proeng.2013.12.089.

[109 IMARKHAM MATTHEW J, ALI F. Multiaxial fatigue
life predictions of additively manufactured metals using
a hybrid of linear elastic fracture mechanics and a
critical plane approach [J]. International Journal of
Fatigue, 2024, 178: 107979. DOI: 10.1016/].
IJFATIGUE.2023.107979.

[110]YAZDANI N, ALBRECHT P. Probabilistic fracture
mechanics  application to highway bridges [J].
Engineering Fracture Mechanics, 1990, 37 (5) : 969-
985. DOI: 10.1016/0013-7944(90)90021-8.

[111]MALJAARS J, STEENBERGEN H M G M,
VROUWENVELDER A C W M. Probabilistic model for

fatigue crack growth and fracture of welded joints in

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



F21E5 %4

E M5 AR T 2 B AR e R S AT AL s A R 67

civil engineering structures [J]. International Journal of
Fatigue, 2012, 38: 108-117. DOIL: 10.1016/].ijfatigue.
2011.11.008.

[112]CUI W C. A state-of-the-art review on fatigue life
prediction methods for metal structures [J]. Journal of
Marine Science and Technology, 2002, 7(1): 43-56.
DOI: 10.1007/s007730200012.

[113]NORAPHAIPHIPAKSA N, MANONUKUL A,
KANCHANOMAI C, et al. Fretting fatigue life
prediction of 316L stainless steel based on elastic-
plastic fracture mechanics approach [J]. Tribology
International, 2014, 78: 84-93. DOI: 10.1016/j.triboint.
2014.04.029.

[114]BAHLOUL A, BOURAOUI C, BOUKHAROUBA T.
Prediction of fatigue life by crack growth analysis [J].
The International Journal of Advanced Manufacturing
Technology, 2017, 91(9) : 4009-4017. DOI: 10.1007/
s00170-017-0069-8.

[115]TANG X S, WEI T T. Microscopic inhomogeneity
coupled with macroscopic homogeneity: a localized
zone of energy density for fatigue crack growth [J].
International Journal of Fatigue, 2015, 70: 270-277.
DOI: 10.1016/j.ijfatigue.2014.10.003.

[116]TANG X S. Scatter of fatigue data owing to material
microscopic  effects [J]. Science China Physics,
Mechanics and Astronomy, 2014, 57 (1) : 90-97.
DOI: 10.1007/s11433-013-5333-9.

[117]ZHOU C L, LIZ Y, ZHAO Y Z, et al. Effect of inside
diameter on design fatigue life of stationary hydrogen
storage vessel based on fracture mechanics (1.
International Journal of Hydrogen Energy, 2014, 39
(25) : 13634-13642. DOI: 10.1016/j. ijhydene. 2014.
02.108.

[118]ZHOU C L, LIZ Y, ZHAO Y Z, et al. Design fatigue
life evaluation of high-pressure hydrogen storage
vessels based on fracture mechanics[J]. Proceedings of
the Institution of Mechanical Engineers, Part E:
Journal of Process Mechanical Engineering, 2016, 230
(1): 26-35. DOI: 10.1177/0954408914537485.

[119]RAJABIPOUR A, MELCHERS R E. Service life of
corrosion pitted pipes subject to fatigue loading and
hydrogen embrittlement [J]. International Journal of
Hydrogen Energy, 2018, 43 (17) : 8440-8450. DOI:
10.1016/j.ijhydene.2018.03.063.

[120]JMORTAZAVI S N S, INCE A. An artificial neural
network modeling approach for short and long fatigue

Materials

10.1016/;.

Computational
109962. DOI:

crack  propagation [J].
Science, 2020, 185:
commatsci.2020.109962.

[121]BHOWMIK S, SUN T J. Pipeline fatigue damage
monitoring  during hydrogen transportation [C ]/
Proceedings of Offshore Technology Conference.
Houston: Offshore Technology Conference (OTC)
2023: OTC-32500-MS. DOI: 10.4043/32500-ms.

[122]NARAYANA P L, LEE S W, PARK C H, et al.
Modeling high-temperature mechanical properties of
austenitic stainless steels by neural networks [J].
Computational Materials Science, 2020, 179: 109617.
DOI: 10.1016/j.commatsci.2020.109617.

[123]KIM S G, SHIN S H, HWANG B. Machine learning
approach for prediction of hydrogen environment
embrittlement in austenitic steels [J]. Journal of
Materials Research and Technology, 2022, 19: 2794-
2798. DOI: 10.1016/j.jmrt.2022.06.046.

[124]GUO C, LIU S G, ZOU Y, et al. Fatigue properties
and life prediction of GS80A steel under the effect of

hydrogen-rich  environment [J]. Journal of the

Minerals, Metals & Materials Society, 2023, 75
(4): 1306-1318. DOI: 10.1007/s11837-022-05688-0.

[125]ZHAO P, ZENG X G, KOU H, et al. A kind of
numerical model combined with genetic algorithm and
back propagation neural network for creep-fatigue life
prediction and optimization of double-layered annulus
metal hydride reactor and verification of ASME-NH
code [J]. International Journal of Hydrogen Energy,
2024, 54 (8) : 1251-1263. DOI: 10.1016/j. ijhydene.
2023.08.284.

(REHE:XE R B=F)

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



