434-425 oo 12 o jlouis (15 0,95 1394 Sdduml ()30 S5l (o dlxo

93 rale dsliale =
—5; =

< . -EI. F—

OV o0 S0 (Swiigeo = & =

=L1\=

mme.modares.ac.ir T s

Solsl o 38 7180 - 9 T 9 (9095 b B S S 31 o3l 5T oy g
(C%) 5 w33 39 s o

25 pbeo Glewal 1 a0 A3 Jageu

Al cowsb il pmas aslgd mio ol (SHle wiige bkl =1
ul)-eg c‘_,;wgb QJA.H)MA.: 4>19> (o oKl 4&»&9 RN c.&.w)lwl.uu)lf dw],} -2
snakhodchi@kntu.ac.ir 1999-19395 s g9sio 05 *

DS o leb!
Gy ¥l )8 lod b bS5 clabad oxilo b pos g 55 S5 A5y Fp om0 e Sylpl CF (b5 cansd SolKe yialyb Jo (g dlio

1394 4,45 16 icél
1394 ;.20 pk
1394 514 :cyls p )

2 D; o3léwl ..\JQNL;Q b..\uol.’ «d».x.g(o dLbu.uB)» bMasl & L;vl.buys) 9 )9.)99: ;‘P‘ ‘LF’)DU dl.bu»s) )I U19"L5° ).ml)l.» u}‘ Ml?u
‘(CT) "")"fAé L)““S 903 “i-’ d‘)’. Cc* )ibl'a“’ O D u;‘°l§|)9" -9:J U‘:**’] 9 )% U LSL“JA" )l e )‘;l" [Ead¥ LS")’. lie u"

[ W) .)L’>u| u,o?flj LS)L'X" )‘)Slip)., )9 ol CA.Q(’> L;olf])ya _9J wi J..\.o LY 4.‘99.’).0 duol.’).’).,) 9 ol odld 4&»9.» Lf“")b' )LB) L;LQJ..\A

bl 4l
SWI pgm 9 PIL 3Yss « alSg s wlio 1 3,8 0 5WT 93 (slp &S Canled @y atadly ol (s oniol (cla o 5l plS ya .l OB a9 g;:ﬁ,z;l,g
350 dlie ol 53 losd i domo 535 (y90j] gult oS 4y g 0 dulne 3,5 ke an 43 620 § 650 slales y3 oy 4 INT18 RSP,
5 st ol b dglie )> Sy 083 9 a3 )8 adllas 3y90 CF poolie (oS0 = 5 sl 5 (5098 (o355 )3y Jae 93 9,8 ool Sl
323 s 53 (6L €8y alSTyg0 =g o)k, Jho A o Ui ol ol 0ad ot L AT wdige ) j sdelCanddy lade Lo S5 g

el bl cnl s 3 0968 (IS 9 Cn e lee G gy Glizmen Jy walyh CF

Investigating effect of Norton and Liu—Murakami creep models in
determination of creep fracture mechanic parameter (C*)
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ARTICLE INFORMATION ABSTRACT

Creep fracture mechanic parameter, C*, is an essential tool for creep crack growth rate estimation and
so remnant life determination of components operating at high temperature. For determining this
parameter experimental works, FE methods, and engineering approaches can be utilized. In this paper,
in order to facilitate FE methods in C* determination for a CT specimen, creep behavior models of
Norton and Liu-Murakami were developed and related subroutines were created. Each of the
aforementioned models has its own temperature dependent material coefficients which were determined
and validated based on creep rupture tests on crack free uniaxial specimens of P91 steel and IN718
super alloy, respectively, at temperatures of 650°C and 620°C. In this study creep fracture mechanic
parameter value of a CT specimen made of P91 steel was derived by application of Norton and Liu-
Murakami creep behavior models and results were compared with results of the experimental tests and
reference stress engineering approach results. The results indicate that Liu-Murakami creep behavior
model better estimates creep fracture mechanics parameter with greater accuracy, yet reference stress
engineering approach is the most economical way to determine this parameter.
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Fig. 1-a Dimensions of compact tension (CT) specimen for C*
calculation. Fig. 1-b Discretization of FE 2D model. Fig. 1-c
Details of crack tip elements. (Dimensions in millimeter)
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Fig. 2 Integration contours around crack tip for C* calculation.
To enhance figure quality just contours 1 to 3 is shown
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Fig. 3 Geometry, dimensions and discretization details of

notched bar specimen for a calculation. (Dimensions In
millimeter).
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Fig. 7 Adjusting g values to agree with experiment data
obtained from P91 creep test under 70 MPa stress at 650°C
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Fig. 5 Fitting nonlinear curve on creep strain rate vs. stress test
data to calculate A, n parameters of P91 at 650°C
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Table 1 P91 Norton power law constants at 650°C (Stress in
MPa and time in hour)
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Fig. 8 Adjusting « values to agree with experiment data
obtained from P91 creep test at 650°C
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n A Material constants
8.462 1.092x%10-20 Linear fitting
8.01 7.04x10-20 Non-Linear fitting
5.34 84.49 Difference (%)
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Table 2 IN718 Norton power law constants at 620°C (Stress in
MPa and time in hour)

n A Material constants
19.3 2.037%x10-61 Linear fitting
19.63 1.964x%10-60 Non-Linear fitting
1.68 89.63 Difference (%)
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Fig. 6 Fitting linear curve on rupture time vs. stress test data to

calculate M, X parameters of P91 at 650°C
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Fig. 9 Validating Liu-Murakami creep model by comparing FE results to P91 creep test results at 650°C [19]
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Fig. 10 Validating Liu-Murakami creep model by comparing FE results to IN718 creep test results at 620°C [20]
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Fig. 11 Inability of Norton creep model to fully predict P91 creep test results at 650°C [19]
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Fig. 12 Inability of Norton creep model to fully predict IN718 creep test results at 620°C [20]
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Fig. 14 C(t) integral variation at P91 CT specimen crack tip
during FE modeling based on Liu-Murakami creep model at
650°C under 3000N load
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Table 3 P91 and IN718 Liu-Murakami model material onstants
respectively at 650°C and 620°C (stress in MPa and time in
hour)

Material

a 9 X M n A constant
0.215 3.2 6.789 2.952x10-16 8.462 1.092x10-20 P91
0.1 35 14.728 5.619x10-46 19.3 2.037x10-61 IN718
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Fig. 13 C(t) integral variation at P91 CT specimen crack tip
during FE modeling based on Norton creep model at 650°C
under 3000N load
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Table 4 C* values derived from contours around P91 CT specimen crack tip at 650°C under 3000N load

Contour 5 Contour 4 Contour 3 Contour 2 C* (N/(mm.h))
3.5014%10-3 3.5556x%10-3 3.8072%10-3 3.8868x%10-3 Liu-Murakami
1.0375%x108 1.0396x10-2 1.0372x10-3 1.0731x108 Norton
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Table 5 Comparison of C* values derived for P91 CT specimen at 650°C under 3000N load based on FE modeling, Reference stress

method and experimentation

Experiment [19] FEM Reference stress method
Norton, Non-Linear fit Norton, Linear fit Liu-Murakami
3.4x%x10-3 1.2319x%10-3 1.0468x%x10-3 3.6878 x103 5.0194x10-3 C* (N/(mm.h))
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