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Tab.3 Comparisons for the specific requirements for heated band during local heat treatment process

ASME BPVC Section VIII 50 mm
BS2633 5
BS5550 5
1IS Z 3700 3
JIS B 8270 %
Xu (261 y
: P92 : n
, P92 0
HB=20.2\/Rt -5.8R-302.7 (1)
:R 3 o i )
P92 , )
: ( )



3.1

’

[28-30]
o

Ay

1)

SENB

Fig.6 Illustration of the mechanical properties measurement for in—service components

2 mm!

Vv

35]
o

\

SENB

SENB

CT

Ay

J.CTOD KIC

’

CT

o Maloy™  Jia

[34]

FATT

)

[31-32]
o

CT,



8 2017
(I L
7
Fig.7 Illustration of the micro tension sample
o 1361 X60 ,
, o Zhao 7
Nogami P ) ;
3) o 80 , AMES Baik
o 8 b N N N
o s 0.1~0.5 mm, ( )3~
10 mm, \ ,
— ( /—
) ,
, \ [ ]
N N o Okada  Garcia —
[40-41]
- 8
o Bulloch®™  Fleury™! Fig.8 Schematic of small punch testing
, (Tsp) (FATT)
FATT(°C)=aTs+B (2)
x B e}
Cuesta™™®  Turba®

JIC o

KIC



6 ) 9
-]IC:kgsp_]O (3)
I<I(Z:c(o-sp)2/3 (4)
1€9,0y ;k’Ch]O

Yang ¥ LS-SVM

. Martinez—Paeda™®

[49

9

N

- Bruchhausen

Incoloy800 H

151]

o Alegre ™
.CTOD .
2.0r
=126 C
= 1.5 =0.065 )

1.0
0.5

E3

O = I | | | | |
=200 -180 -160 -140 -120 -100 -80
IC

(b)

Fig.9 Typical curve of the small punch testing

J o
2500
=2 mm
2 000 du/di=0.005 mm/s
=-100 °C
z 1 500
1 000
500
olute | L U
0 0.5 1.0 1.5
(mm)
(a)
9
4) o
(53]
10 ,
11 o
: . ?10+0.02
I | 7 P R |
1 100+0.2
(a)
sz:O.S
\/ Unit:mm
(b)
10

Fig.10 Comparison of creep testing samples

S/mm

t/h

11

&l%

Fig.11 Comparison of the creep curve between small

punch creep and uniaxial creep

F

O



10

2017
FSP/O-eq:3-33 KSPPSPIZ r70'2t0 (5)
Ry sto HA ; Ksp >
[55-56]
, . ,  DEN.EPRI.IMT IPM .CISE . JRC IMMT
o Zhou  Zhai P8 s . \ N N
o P91 P92 ,
v o Komazaki  Kato.Zhao ¥
( . . ) 12 13 ,
P92 steel,650°C
< | w
E I
2l = A ,
S0 e S10- . ,
0 A
o' P92 steel,650°C A ] 74
g , 10%— o
A :
’ ’
19900 20 40 160 180 200 10° 1
100 110 120 130 140 150 160 170 180 190
o/MPa
o/MPa
12

Fig.12 Relationship between stress and rupture time
obtained from small punch

Izaki 1 2.25Cr-1Mo
Yang @ 800H
Kumar ' 316H o Zheng

Cr-Mo o [

. R [66]

3.2
o FaAA Products Corporation
Royce ,

20~25 mm, o

13 P92

Fig.13 Relationship of small creep strain rate and
stress for the distinct zones in P92 steel welded joint

[47]
0 ,
CrMoV ,
3 o
) 14 H Rolls
15 o s l1h )



15 Rolls Royce
Fig.15 Mechanical sampling equipment produced

Fig.14 Mechanical sampling equipment by Rolls Royce
© ’ ’ ) o Kyushu
Kobe ) )
, 16 o 35 mm, 6 mm, 3 mm, , 3h o

7/}?/.0 20 70 |
S it

) 17(a) &
, 20~40 mm,
2~5 mm, 1~1.5 h,
Rolls Royce ,
, 17(b) ,
P92 W , )

o Fig.17 Schematic of portable miniature sampling machine



2017

12
4
4.1
1)
C>I<
2)
1,4 ,
3) BS7910.,
4)
2.25Cr-IMo . 10Cr9Mo

o

4.2

ASME N-47'"

RS,

Ledn

>

(TDFAD)™-1

’

316

Lred

[69.72-75]

RCC-MR

BS6519

(FAD

. RS

)

>

Ay

ASME N-47

C*, RS



6 s 13
C* , - ASTM E1457"
R5!% R6! , CT .CT
. Bettinson™ 316H ,
CT CCP
) CT CCP ,
- Tabuchi™ CT 1CrMoV ,
’ _ Zhao®-
. CT P92 )
[83]
1.0~
o , o 0.5 LV
|! ‘AA
J ,Budden® Nikbin®'  Zhao > 00l
180-82] 0 /
, -0.5 P92 steel,650C @ a/W=0.3 3
| o B=10 mm 0 a/W=0.4
% n+l —1L.Vl= 12
oy C ,\“ ) K,=14 MPam A ay/W=0.5 u
(o) _( l,oyeor ) Ty (0’n)+06y (6) A a/W=0.6 [
R, () 1S W a/W=0.7
0= T2(r,0)+0,7(r.0) , for 8 = 0 and r = u
o 2.0 I | | ! |
distance from crack tip (7) 0.30 0.40 0.50 0.60 0.70 0.80
alW
0 18
HRR

Fig.18 Constraint effect induced by samples with different

crack depths



14 2017

Zhao [80-82.86] N Q ’
) o Q 1)
s C* , ,Xl,l [87]
C*_Q* o
D .
ﬁ:{#} ro - s |, for r > Joo and 101 <m/2 (8)
o) agog'OInL (f) g; (0,n)+05ij ’ 0

—1 -1

. ( C*  (n+l) Q_{ 0_22("’0>+0-22“RR("’0> } ( C* ) (n+1) (9)
sl L 0o ewol L
Xu , :CT, CST, SENB, SENT,
DENT and CCT®
’ CCT specimen ]
cXu ™ DENT specimen (U
Q* , SENT specimen M
SENB specimen =
cT CST specimen B
, 19 o SENT CT specimen El
CT Crack with ¢/4=0.8 a/c=0.2
' Crack with /41=0.6 a/c=0.2
5 Crack with ¢/4=0.4 a/c=0.2
SENT Crack with @/1=0.2 a/c=0.2]
[90-91] | 1 | 1 | | | |
, o -1.6 -14 -12 -1.0 -0.8 -0.6 -0.4 -0.2 0.0
Chao ™ ¢
19 0
’ 0505 Fig.19 Comparison of Q* for different specimen
° Yang  Chao™™ configurations
J-A,
; c*
A 2 o )
UL, [4 7 0 (0044 07 0) 4 07,0 (10)
0
T L R 1 mm;(;g"(r,ﬂ)(kzo,lﬂ),p q
Bl SENT,SPB,CCP  CT ,
c¥ A, ) )
Nguyen 1™ I
o c*,
5 A 2* O,
o J-A, , J-Ay-0.
|
P oo+l 1
M:(C* ) o Lol . I : ; N (11)
e b B B O R B o R GNPV RO IR O
:B n 10w , J-A, O

;;ij'k(r56>(k=07172)’p (] ;AZ*



15
Wang " CT,SENT,MT  SENB
) , C*
’ |99]O
’ R o
CT , ,
ay W=0.5( ay W CT )CT ,
R:
Ty
10 iR C* , (SC) (DC)
o , CT
’ Kmat ;
Ko R . ,Tan'™  Liu'®  R*
JMa 110 C-A, :
. ,Xiang 1™ cx-T, C-T-Q
, ,Zhao
[81,83] C*_Q
b 6 bl [e]
. C* n’il /O\'E.n ﬁ
a=(n+1) [ T (Ar) " g (13)
" ‘91'* ( On ) O-e)
- ~ ~ C* T+l %
a=1- de (0,,0.) Nl _ Q . 7, D (14)
dh .
& (O-m ’ g, ) 20-0 1”800-0
4.3
Zhao % , 20 , o
/ P92  CT , ,
) , o Cc*
5 s C*



16

2017

C'=0o n-,té R’ »d=Dom
2 K,
K
R=| 0| K=K 4K

0
T ey

0l
0 100 200 300 400 500
t/h

20
21
Fig:20 Residual stress generation methods Fig.21 Advantage of the creep crack growth rate
4.4 predictions considering the residual stress
b Al 9
S 3 GB/T19624-2004¢ Y,
o Xu o] o
L
| taos-a)a
0_*: 0
t
N , 22~23 o
b b ; b
4 -
2 0x10° | 2.4x10
2.0x10*
1.6x10*+
1.6x10* -
1.2x10*
< <1.2x10*|-
5 3 -
800 8.0x10° |-
4.0x10° 4.0x10°
0.0 0.0
10 9 10 11 12 13
X
(a) 33 MPa (b) 35 MPa
22

Fig.22 The prediction of creek crack initiation in annular defect



2.4x10* -
2.0x10*
2.0x10* -
1.6x10*+
1.6x10* -
v
6_1.2><104— \1.2><10 -
“80x103 T 8.0x10° 1
4.0x10° L 4.0x10° .
0.0 0.0
10
X
(a) 33 MPa (b) 35 MPa
23
Fig.23 Comparison of the predicted results and the FE results for the strip defects
4.5
’ o ’ b
[68,107]
[108-110]
’yCreep (= ) y(fl'eepz ( C*Vluhip]f-/C*SinglP)o'S ) y(fl'eep>1
s o Xu 1l ’
b 24 b ]
0.001 8- -
—A— AN
= 0.001 6] -e- —
< 0001 4] 0 5 o
< - N N
~ 0.001 2 s
0.001 O_ 2c=c+cyts
0.000 8|
0.000 6|
20=Y oyt max (2cy,2¢5)
0.000 21 NGNS
| I | | I | I
0.000°0 02 03 04 05 06 07 038
alt
24
Fig.24 The coalescence principle for multiple cracks in creep regime
[114-117] _ [118-120]

’ ’ N ’ ’ 25 o



2017

18
°
)
, . g
)
) ) N
o
: LDR!"S-211 SRPI=! SE
SEP-NCM!"1 - 24 N
121 [126] 25 -
[127-128] Fig.25 Effect of creep—fatigue interaction on the fatigue life
© ’
’ 9
o , L Xu !
3 .3
o 9 - o
’ ’ ’
) ) N
; b ’
[130-131]o Xu 132 _
9 - N S
© ’ ’
, Lemaitre {31 o Zhu s GH4!3
) - Sadananda
’ o
, [135]0 Xu 12 _
’ ’
°
N 9
® ’ o
’ ’
N R ,
°
¢ ) , R5 .BS7910 s

Fig.26 Expert system for life assessment of defected high temperature structures

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



, 19
5
, 630~650 °C ,
G115
[1] . [J]. ,2012,34(4).18-21.
2] , , .1 000 MW [J]. ,2017,50(6) : 12-16.
[3] , , ) 1 000 MW [J]. ,2007(8) :6-13.
[4] , , .. 700 C [J]- ,2011,31(12) :960-
968.
[5] } 650 °C [J]. ,2007(4) :46-46.
[6] .« ) [J]. ,2014(11) :22-23.
[7] , , .. 600 C G115 [Cl/
,2015.

[8] FRANCIS JA,MAZUR W,BHADESHIA HKDH. Review type IV cracking in ferritic power plant steels[J]. Materials Science &
Technology,2006,22(12) :1387-1395.

[9] SHINOZAKI K,LI D J,KUROKI H,et al. Analysis of degradation of creep strength in heat—affected zone of weldment of high Cr
heat-resisting steels based on void observation[J]. ISIJ International ,2002,42(12 SPEC) : 1578-1584.

[10] MATSUI M, TABUCHI M,WATANABE T,et al. Degradation of creep strength in welded joint of 9%Cr steel[]J]. ISIJ Internation-
al,2001,41(SUPPL) :S126-S130.

[11] ZHAO L,JING H,XU L,et al. Investigation on mechanism of Type IV cracking in P92 steel at 650 “C[J]. Journal of Materials
Reasearch,2011,26(7):934-943.

[12] WATANABE T,TABUCHI M,YAMAZAKI M, et al. Creep damage evaluation of 9Cr—1Mo—-V -Nb steel welded joints showing
Type IV fracture[]J]. International Journal of Pressure Vessels and Piping,2006,83(1):63-71.

[13] ZHAO L,JING H,XU L,et al. Experimental study on creep damage evolution process of Type IV cracking in 9Cr—-0.5Mo—
1.8W-VND steel welded joint[J]. Engineering Failure Analysis,2012,19.22-31.

[14] NIKBIN K. Creep/fatigue crack growth testing, modelling and component life assessment of welds[J]. Procedia Engineering,2013,
55:380-393.

[15] KNOWLES DM. RS High temperature creep—fatigue life assessment for austenitic weldments|J]. Procedia Engineering,2014,
86:315-326.

[16] BAKER AJ,O’'DONNELL MP,DEAN DW. Use of the RS Volume 4/5 procedures to assess creep—fatigue crack growth in a 316L
(N)cracked plate at 650 °C[J]. International Journal of Pressure Vessels and Piping,2003,80(7/8) :481-488.



20 2017

[17] SAWADA K,TABUCHI M,HONGO H,et al. Z-phase formation in welded joints of high chromium ferritic steels after long—term
creep[J]. Materials Characterization,2008,59(9):1161-1167.

[18] TANAKA Y,KUBUSHIRO K,TAKAHASHI S, et al. Creep—induced microstructural changes in large welded joints of high Cr
heat resistant steel[J]. Procedia Engineering,2013,55:41-44.

[19] ABE F,TABUCHI M,TSUKAMOTO S, et al. Microstructure evolution in HAZ and suppression of type IV fracture in advanced
ferritic power plant steels[J]. International Journal of Pressure Vessels and Piping,2010,87(11):598-604.

[20] ZHAO L,JING H,XU L,et al. Numerical investigation of factors affecting creep damage accumulation in ASME P92 steel weld-
ed joint[J]. Materials & Design,2012,34.:566-575.

[21] ZHAO L,JING H,XU L,et al. Evaluating of creep property of distinct zones in P92 steel welded joint by small punch creep test
[J]. Materials & Design,2013,47:677-686.

[22] KUMAR Y,VENUGOPAL S,SASIKALA G,et al. Study of creep crack growth in a modified 9Cr-1Mo steel weld metal and heat
affected zone[J]. Materials Science and Engineering:A,2016,655:300-309.

[23] NIX W. Introduction to the viewpoint set on creep cavitation|J]. Scripta Metallurgica,1983,17(1):1-4.

24 . P92 v [D]. : ,2010.

[25 , , , - [J]. ,2014(2) :25-27.

[26] XU L,MIAO Y,JING H,et al. Experimental and numerical investigation of heated band width for local post weld heat treatment
of ASME P92 steel pipelJ]. Journal of Pressure Vessel Technology,2014,136(1):011401.

[27] , , , - P92 [7]. ,2016,37(11)
104-108.

—

|
|
|
|

[28] LUCAS GE. Review of small specimen test techniques for irradiation testing[J]. Metallurgical Transactions A ,Physical Metallurgy
and Materials Science,1990,21A(5):1105-1119.

[29] ROSINSKI ST,CORWIN WR. ASTM cross—comparison exercise on determination of material properties through miniature sam-
ple testing[J]. ASTM Special Technical Publication, 1998(1329):3-14.

[30] , . ) [J]. ,2000,22(4):279-282.

[31] ASTM E2248-09. Standard Test method for impact testing of miniaturized charpy v—notch specimens[S]. ASTM International ,
USA,2009.

[32] SHEKHTER A,KIM S,CARR DG, et al. Assessment of temper embrittlement in an ex—service 1Cr—1Mo-0.25V power generat-
ing rotor by Charpy V-Notch testing, Kle fracture toughness and small punch test[J]. International Journal of Pressure Vessels
and Piping,2002,79(8/10):611-615.

[33] MALOY S A,JAMES M R,G W. The mechanical properties of 3161/ 304L stainless steels ,Alloy 718 and Mod 9Cr21Mo after
irradiation in a spallation environment[J]. Journal of Nuclear Materials ,2001,296(1/3) :119-128.

[34] JIA X,Y D. The change of f racture toughness of martensitic steels af ter irradiation in SINQ target—3[J]. Journal of Nuclear Ma-
terials,2006,356(1/3) :50.

[35] DJORDJE DOBI,JUNGHANS E. Determination of the tensile properties of specimens with small dimensions[J]. KOVINE , ZL-
ITINE, TEHNOLOGIJE,1999,33(6) :451-457.

[36] ; s (1. ,2006,36(6) : 626.

[37] ZHAO YH,GUO YZ,WEI Q,et al. Influence of specimen dimensions and strain measurement methods on tensile stress—strain
curves|]]. Materials Science and Engineering:A,2009,525(1/2) :68-77.

[38] NOGAMI S,NISHIMURA A,WAKAI E,et al. Development of fatigue life evaluation method using small specimen[J]. Journal of
Nuclear Materials,2013,441(1/3) :125-132.

[39] BAIK JM,KAMEDA J,BUCK O. Small punch test evaluation of intergranular embrittlement of an alloy steel[]J]. Scripta Metal -
lurgica, 1983 ,17(12) : 1443-1447.

[40] OKADA A,LUCAS GE,KIRITANI M. Micro-bulge test and its application to neutron—irradiated metals|J]. Transactions of the
Japan Institute of Metals,1988,29(2) :99-108.



6 , 21

[41] GARCIA TE,RODRIGUEZ C,BELZUNCE FJ,et al. Estimation of the mechanical properties of metallic materials by means of
the small punch test[J]. Journal of Alloys and Compounds,2014,582:708-717.

[42] BULLOCH JH. A study concerning material fracture toughness and some small punch test data for low alloy steels|J]. Engineer-
ing Failure Analysis,2004,11(4):635-653.

[43] Fleury E,Ha JS. Small punch tests to estimate the mechanical properties of steels for steam power plant:I Mechanical strength
[J]. International Journal of Pressure Vessels and Piping,1998,75(9) :699-706.

[44] CUESTA 1I,RODRIQUEZ C,BELZUNCE FJ, et al. Analysis of different techniques for obtaining pre —cracked/notched small
punch test specimens[]J]. Engineering Failure Analysis,2011,18(8):2282-2287.

[45] CUESTA II,ALEGRE JM. Determination of the fracture toughness by applying a structural integrity approach to pre—cracked
Small Punch Test specimens[]]. Engineering Fracture Mechanics,2011,78(2) :289-300.

[45] CUESTA II,ALEGRE JM. Determination of the fracture toughness by applying a structural integrity approach to pre—cracked
Small Punch Test specimens|]]. Engineering Fracture Mechanics,2011,78(2) :289-300.

[46] TURBA K,GULIMEN B,LI YZ,et al. Introduction of a new notched specimen geometry to determine fracture properties by
small punch testing[]]. Engineering Fracture Mechanics,2011,78(16) :2826-2833.

[47] YANG S,LING X,ZHENG Y et al. Creep life analysis by an energy model of small punch creep test[J]. Materials & Design,
2016,91:98-103.

[48] MARTINEZ-PAEDA E,CUESTA II,PE UELAS 1,et al. Damage modeling in Small Punch Test specimens[]]. Theoretical and
Applied Fracture Mechanics,2016,86:51-60.

[49] SIMONOVSKI I, HOLMSTRM S,BRUCHHAUSEN M. Small punch tensile testing of curved specimens: Finite element analysis
and experiment|[J]. International Journal of Mechanical Sciences,2017,120:204-213.

[50] JANA A,SIEGL J,HAUILD P. Small punch test evaluation methods for material characterisation|J]. Journal of Nuclear Materials ,
2016,481:201-213.

[51] BRUCHHAUSEN M,HOLMSTRM S,SIMONOVSKI I,et al. Recent developments in small punch testing:tensile properties and
DBTT[J]. Theoretical and Applied Fracture Mechanics,2016,86:2-10.

[52] ALEGRE JM,LACALLE R,CUESTA 1II,et al. Different methodologies to obtain the fracture properties of metallic materials us-
ing pre—notched small punch test specimens|J]. Theoretical and Applied Fracture Mechanics,2016,86:11-18.

[53] , , . [J]. : ,2009,31(2):106-110.

[54] BLAGOEVA DT,HURST RC. Application of the CEN (european committee for standardization) small punch creep testing code
of practice to a representative repair welded P91 pipe[J]. Materials Science and Engineering:A,2009,510-511(0) :219-223.

[55] MA YW ,SHIM S, YOON KB. Assessment of power law creep constants of Gr91 steel using small punch creep tests[J]. Fatigue
and Fracture of Engineering Materials and Structures,2009,32(12):951-960.

[56] DYMAEK P. Recent developments in small punch testing : applications at elevated temperatures|]J]. Theoretical and Applied
Fracture Mechanics,2016,86:25-33.

[57] ZHAI PC,HASHIDA T,KOMAZAKI SI, et al. Numerical analysis for small punch creep tests by finite—element method[J]. Jour-
nal of Testing and Evaluation,2005,33(4) :298-303.

[58] ZHOU Z,ZHENG Y ,LING X, et al. A study on influence factors of small punch creep test by experimental investigation and fi-
nite element analysis[J]. Materials Science and Engineering: A ,2010,527(10/11) :2784-2789.

[59] KOMAZAKI SI,KATO T,KOHNO Y et al. Creep property measurements of welded joint of reduced—activation ferritic steel by
the small-punch creep test[J]. Materials Science and Engineering: A,2009,510-511(18):229-233.

[60] KATO T,KOMAZAKI SI,KOHNO Y ,et al. High—temperature strength analysis of welded joint of RAFs by small punch test[]].
Journal of Nuclear Materials,2009,386-388(5) :520-524.

[61] IZAKI T,KOBAYASHI T,KUSUMOTO J,et al. A creep life assessment method for boiler pipes using small punch creep test[J].
International Journal of Pressure Vessels and Piping,2009,86(9):637-642.

[62] YANG S,LING X,ZHENG Y. Creep behaviors evaluation of Incoloy800H by small punch creep test|J]. Materials Science and
Engineering: A ,2017,685:1-6.



22 2017

[63] GANESH KUMAR J,LAHA K. Localized creep characterization of 316LN stainless steel weld joint using Small Punch Creep
test[J]. Materials Science and Engineering: A ,2017,705:72-78.

[64] ZHENG Y,YANG S,LING X. Creep life prediction of small punch creep testing specimens for service—exposed CrSMo using the
theta—projection method[J]. Engineering Failure Analysis,2017,72.:58-66.

[65 [D]. : ,2005.
[66 . [D]. : ,2014.
[67] ASME. ASME N-47 ,Rules for construction of nuclear power plant components[S]. ASME, USA ,1995.

[68
[69

R5 : Assessment procedure for the high temperature response of structures[S]. BSI, London,2010.

]
]
]
]
] : : C)— I ,2002,19(10) : 1-5.
[70] EWALD J,SHENG S,KLENK A, et al. Engineering guide to assessment of creep crack initiation on components by two—criteri-
a—diagram[C]//Paper presented at:Advances in Defect Assessment in High Temperature Plant Based on the papers presented at
the Second International ‘HIDA’ Conference,4—6 Oct. 2000,2001 ; UK.
[71] EWALD J,SHENG S. Two criteria diagram for creep crack initiation and its application to an ip—turbine[J|. Materials at High

Temperatures, 1998, 15(3/4) : 323-330.

[72] , . « )— [JI- ,
2002,19(9):1-4.

[73] , , . [J]. ,2003,24(6) :508-513.

[74] , . [J]. ,2005,22(11):39-47.

[75] , , . [J]. ,2004,15(10) :928-931.

[76] ASTM E1457:Standard test method for measurement of creep crack growth times in metals[S]. ASTM International ,USA ,2015.

[77] R6: Assessment of the integrity of structures containing defects[S]. BSI, London,2010.

[78] BETTINSON AD,O0’DOWD NP ,NIKBIN KM, et al. Experimental investigation of constraint effects on creep crack growth[C]/

Paper presented at:Computational Weld Mechanics, Constraint and Weld Fracture (2002 ASME Prssure Vessels and Piping
Conference), August 5,2002 — August 9,2002,2002 : Vancouver,BC, Canada.

[79] TABUCHI M,KUBO K,YAGI K. Effect of specimen size on creep crack growth rate using ultra-large CT specimens for 1Cr—
Mo-V steel[]]. Engineering Fracture Mechanics,1991,40(2):311-321.

[80] ZHAO L,JING H,XIU J,et al. Experimental investigation of specimen size effect on creep crack growth behavior in P92 steel
welded joint[J]. Materials & Design,2014,57.736-743.

[81] ZHAO L,JING H,XU L, et al. Evaluation of constraint effects on creep crack growth by experimental investigation and numeri-
cal simulation[J]. Engineering Fracture Mechanics,2012,96:251-266.

[82] ZHAO L,JING H,HAN Y et al. Prediction of creep crack growth behavior in ASME P92 steel welded joint[J]. Computati—onal
Materials Science,2012,61:185-193.

[83] ZHAO L,JING H,XU L,et al. Analysis of creep crack growth behavior of P92 steel welded joint by experiment and numerical
simulation[J]. Materials Science and Engineering: A,2012,558:119-128.

[84] BUDDEN P, AINSWORTH R. The effect of constraint on creep fracture assessments|[]J]. International Journal of Fracture ,
1999,97(1):237-247.

[85] NIKBIN KM. Justification for meso—scale modelling in quantifying constraint during creep crack growth[J]. Materials Science and
Engineering: A,2004,365(1/2):107-113.

[86] ZHAO L,XU L,HAN Y et al. Quantifying the constraint effect induced by specimen geometry on creep crack growth behavior
in P92 steel[]]. International Journal of Mechanical Sciences,2015,94-95:63-74.

[87] XU L,ZHANG X,ZHAO L, et al. Quantifying the creep crack—tip constraint effects using a load—independent constraint param-
eter Q*[J]. International Journal of Mechanical Sciences,2016,119:320-332.

[88] ZHU XK ,JANG SK JR. curves corrected by load—independent constraint parameter in ductile crack growth[]J]. Engineering
Fracture Mechanics,2001,68(3):285-301.



6 , 2 23

[89] XU L,ZHANG X,ZHAO L, et al. Characterization of creep crack—tip constraint levels for pressurized pipelines with axial sur-
face cracks|]J]. Advances in Engineering Software ,2017,114:98-109.
[89] XU L,ZHANG X,ZHAO L,HAN Y,JING H. Characterization of creep crack—tip constraint levels for pressurized pipelines
with axial surface cracks[J]. Advances in Engineering Software ,2017,114:98-109.
[90] NYHUS BR,POLANCO ML,O RJAS THER O. SENT specimens an alternative to SENB specimens for fracture mechanics
testing of pipelines[C]//ASM6,2003 22nd International Corference on offshore Mechanics and Aritic Engineering.
[91] MOORE PL, PISARSKI HG. Validation of methods to determine CTOD from SENT specimens[C]//Paper presented at : The
Twenty—second International Offshore and Polar Engineering Conference ,2012.
[92] CHAO YJ,ZHU XK,ZHANG L. Higher—order asymptotic crack—tip fields in a power—law creeping material[J]. International
Journal of Solids and Structures,2001,38(21) :3853-3875.
[93] YANG S,CHAO YJ,SUTTON MA. Higher order asymptotic crack tip fields in a power—law hardening material[J]. Engineering
Fracture Mechanics,1993,45(1):1-20.
[94] CHAO YJ,YANG S,SUTTON MA. On the fracture of solids characterized by one or two parameters :theory and practice[]].
Journal of the Mechanics and Physics of Solids, 1994 ,42(4) .629-647.
[95] CHAO Y,ZHU XK. J-A2 characterization of crack—tip fields:extent of J-A2 dominance and size requirements|J|. Internati—
onal Journal of Fracture,1998,89(3).:285-307.
[96] NGUYEN BN,ONCK P,VAN DER GIESSEN E. Crack-tip constraint effects on creep fracture[J]. Engineering Fracture Mech-
anics,2000,65(4) :467-490.
[97] WANG GZ,LIU XL,XUAN FZ, et al. Effect of constraint induced by crack depth on creep crack—tip stress field in CT speci-
mens|J]. International Journal of Solids and Structures,2010,47(1):51-57.
[98] WANG GZ,LI BK,XUAN FZ,et al. Numerical investigation on the creep crack—tip constraint induced by loading configuration
of specimens|J]. Engineering Fracture Mechanics,2012,79.353-362.
[99] DEAN DW ,GLADWIN DN. Creep crack growth behaviour of type 316H steels and proposed modifications to standard testing
and analysis methods|J]. International Journal of Pressure Vessels and Piping,2007,84(6):378-395.
[100] TAN JP,TU ST,WANG GZ, et al. Characterization and correlation of 3-D creep constraint between axially cracked pipelines
and test specimens|]]. Engineering Fracture Mechanics,2015,136:96-114.
[101] LIU S,WANG GZ,XUAN FZ, et al. Creep constraint analysis and constraint parameter solutions for axial semi—elliptical sur-
face cracks in pressurized pipes[]J]. Engineering Fracture Mechanics,2014,132:1-15.
[102] MA HS,WANG GZ,XUAN FZ, et al. Unified characterization of in-plane and out—of—plane creep constraint based on crack—
tip equivalent creep strain[J]. Engineering Fracture Mechanics,2015,142:1-20.
[103] MA H,WANG G,XUAN F et al. Unified correlation of in—plane and out—of—plane creep constraints with creep crack growth
rate[J]. International Journal of Pressure Vessels and Piping,2016,139-140:47-60.
[104] XTANG M,YU Z,GUO W. Characterization of three—dimensional crack border fields in creeping solids [J]. International Jour-
nal of Solids and Structures,2011,48(19) :2695-2705.
[105] ZHAO L,JING H,XU L,et al. Effect of residual stress on creep crack growth behavior in ASME P92 steel[J]. Engin—eering
Fracture Mechanics,2013,110.:233-248.
[106] ZHANG W,JING H,XU L,et al. Numerical investigation of creep crack initiation in P92 steel pipes with embedded spherical
defects under internal pressure at 650 °C[J]. Engineering Fracture Mechanics,2015,139:40-55.
[107] BS 7910: Guide to methods of assessing the acceptability of flaws in fusion welded structures[S]. BSI, London,2015.
[108] MONFARED MM, AYATOLLAHI M. Multiple crack problems in nonhomogeneous orthotropic planes under mixed mode load-
ing conditions[J]. Engineering Fracture Mechanics,2016,155:1-17.
[109] WU KC,HOU YL,HUANG SM. Transient analysis of multiple parallel cracks under anti—plane dynamic loading [J]. Mechan-
ics of Materials,2015,81:56-61.
[110] SEIFT R,GHADIMIAN O,RANJBARAN M. Study on life and path of fatigue cracks in multiple site damage plates [J]. Inter-
national Journal of Fatigue,2015,80:449-458.



24 2017

[111] XUAN F Z,SI J,TU S T. Evaluation of C* integral for interacting cracks in plates under tension[J]. Engineering Fracture Me-
chanics,2009,76(14) :2192-2201.

[112] SI J,XUAN F Z,TU S T. A numerical creep analysis on the interaction of twin semi-elliptical cracks[J]. International Journal
of Pressure Vessels and Piping,2008,85(7) :459-467.

[113] XU L,ZHAO L,JING H,et al. Evaluation of multiple cracks interaction effect subjected to biaxial tension under creep regime
[J]. International Journal of Mechanical Sciences,2017,122:203-214.

[114] KIM CS. Creep—fatigue behavior evaluation by reversible permeability of CrMo ferritic steel for ultra—supercritical steam power
plants[J]. Strength of Materials,2016,48(1) :160-164.

[115] ZHANG S L,XUAN F Z,GUO S ], et al. The role of anelastic recovery in the creep—fatigue interaction of 9%~12% Cr steel at
high temperature[J]. International Journal of Mechanical Sciences,2017,122:95-103.

[116] WANG R Z,ZHANG X C,GONG ] G,et al. Creep—fatigue life prediction and interaction diagram in nickel-based GH4169
superalloy at 650 °C based on cycle—by—cycle concept[J]. International Journal of Fatigue ,2017,97:114-123.

[117] AHMED R,BARRETT PR,HASSAN T. Unified viscoplasticity modeling for isothermal low—cycle fatigue and fatigue —creep
stress—strain responses of Haynes 230[J]. International Journal of Solids and Structures,2016,88-89:131-145.

[118] ZHU S P,HUANG H Z,HE L P,et al. A generalized energy—based fatigue—creep damage parameter for life prediction of tur-
bine disk alloys[J]. Engineering Fracture Mechanics,2012,90:89-100.

[119] SHLYANNIKOV VN, TUMANOV AV ,BOYCHENKO NV. A creep stress intensity factor approach to creep —fatigue crack
growth[J]. Engineering Fracture Mechanics,2015,142:201-219.

[120] SHLYANNIKOV VN,TUMANOV AV,BOYCHENKO NV et al. Loading history effect on creep—fatigue crack growth in pipe
bend[J]. International Journal of Pressure Vessels and Piping,2016,139-140:86-95.

[121] ZHAO P,XUAN F Z. Ratchetting behavior of advanced 9%~12% chromium ferrite steel under creep—fatigue loadings : Fracture
modes and dislocation patterns[]J]. Materials Science and Engineering: A ,2012,539:301-307.

[122] HALFORD GR,HIRSCHBERG MH,MANSON SS, et al. Creep—fatigue analysis by strain—range partitioning [J]. NASA Tech
Brief, 1971.

[123] , , , . 30CrIMolV - [J]. ,2011,31(6):
481-484.

[124] VENKATESH V,RACK HJ. Neural network approach to elevated temperature creep—fatigue life prediction[]J]. International
Journal of Fatigue,1999,21(3):225-234.

[125] SHANG DG,SUN GQ,YAN CL,et al. Creep—fatigue life prediction under fully—reversed multiaxial loading at high tempera-
tures|J|. International Journal of Fatigue ,2007,29(4):705-712.

[126] TARUN G. Development of generic creep—fatigue life prediction models[J]. Materials & Design ,2004,25(4) :277-288.

[127] TAKAHASHI Y ,SHIBAMOTO H,INOUE K. Study on creep—fatigue life prediction methods for low—carbon nitrogen—controlled
316 stainless steel (316FR)[J]. Nuclear Engineering & Design,2008,238(2):322-335.

[128] GOSWAMI T. Creep—fatigue life prediction—a ductility model[J]. High Temperature Materials & Processes,1995,14(2):101-114.

[129] JING H,SU D,XU L,et al. Finite element simulation of creep—fatigue crack growth behavior for P91 steel at 625 °C consider-
ing creep—fatigue interaction[J]. International Journal of Fatigue ,2017,98.41-52.

[130] KNEIFL M,ERNY I,BNA VR. Damage of low—alloy high temperature steels loaded by low—cycle fatigue and creeplJ]. Interna-
tional Journal of Pressure Vessels and Piping,2001,78(11/12):921-927.

[131] KIM J B,LEE H Y,PARK C G, et al. Creep—fatigue test of a SA 316SS structure and comparative damage evaluations based
upon elastic and inelastic approaches[]]. International Journal of Pressure Vessels and Piping,2008,85(8) :550-556.

[132] XU L,ZHAO L,GAO Z,et al. A novel creep—fatigue interaction damage model with the stress effect to simulate the creep—fa-
tigue crack growth behavior{]J]. International Journal of Mechanical Sciences,2017,130:143-153.

[133] LEMAITRE J,PLUMTREE A. Application of damage concepts to predict creep—fatigue failures[J]. Journal of Engineering
Materials and Technology, 1979,101(3) :284-292.



6 , 2 25

[134] SADANANDA K,SARKAR S,KUJAWSKI D, et al. A two—parameter analysis of S-N fatigue life using Ao and 0,,,[J]. Interna-
tional Journal of Fatigue ,2009,31(11/12) :1648-1659.
[135] OSTERGREN W. A damage function and associated failure equations for predicting hold time and frequency effects in elevated

temperature, low cycle fatigue[J]. Journal of Testing and Evaluation,1976,4(5) :327-399.

Research on the Structural Integrity for High Temperature Steam
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Abstract ; Developing Ultra Super Critical (USC) power plants with high capacity, high serving temperature and
pressure can be beneficial to improving the fossil energy efficiency, reducing the emission and achieving green
power generation. Hence, these New challenges are emerging in the structural integrity technology for high
temperature components in USC power plants, which involve in the design, manufacture, operation and
assessment processes of high temperature installations. In the present paper, the latest developments of high
temperature structural integrity for dealing with the premature failure of welded joint, the application of new heat
resistant materials, the assessment for the component with defects, the role of the residual stress and the loss of
the constraint, the assessment of the in—service component and the theory and methods of extend service life
are reviewed. Furthermore, the suggestions for the improvement of current design and assessment methods are
provided.

Key words: high capacity USC power plant; high temperature integrity; life assessment; in—service

component ; property evaluation.



