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Effect of Reference Loads on Fracture Mechanics Analysis
of Surface Cracked Pipe Based on Reference Stress Method
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Abstract

To investigate relevance of the definition of the reference stress to estimate J and C* for surface crack
problems, this paper compares FE J and C* results for surface cracked pipes with those estimated according
to the reference stress approach using various definitions of the reference stress. Pipes with part
circumferential inner surface crack and finite internal axial crack are considered, subject to internal pressure
and global bending. The crack depth and aspect ratio are systematically varied. The reference stress is defined
in four different ways using (i) the local limit load, (ii) the global limit load, (iii) the global limit load
determined from the FE limit analysis, and (iv) the optimised reference load. It is found that the reference
stress based on the local limit load gives overall excessively conservative estimates of J and C*. Use of the
global limit load clearly reduces the conservatism, compared to that of the local limit load, although it can
provide sometimes non-conservative estimates of J and C*. The use of the FE global limit load gives overall
non-conservative estimates of J and C*. The reference stress based on the optimised reference load gives
overall accurate estimates of J and C*, compared to other definitions of the reference stress. Based on the
present finding, general guidance on the choice of the reference stress for surface crack problems is given.
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Fig. 1 Geometries and dimensions for (a) a cylinder with
a part circumferential inner surface crack, and (b)
a cylinder with an axial inner surface crack
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Table 1 Case numbers for elastic-creep FE calculations
of the cylinder with a part circumferential inner
surface crack under global bending

Case R/t a/t B/ r n
1 0.2 0.1
2 0.2 0.4 5
3 0.3 0.3
4 20 0.5 0.1
5 0.2 0.1
6 0.2 0.4
7 0.3 0.3 10
8 0.5 0.1

Table 2 Case numbers for elastic-creep FE calculations
of the cylinder with a part circumferential inner
surface crack under internal pressure

Case R/t alt B/ x n
1 0.2 0.1
2 0.3 0.3 5
3 0.5 0.4
4 20 0.2 0.1
5 0.3 0.3 10
(b) 6 0.5 0.4

Fig. 2 Typical FE meshes for the (a) cylinder with part Table 3 Case numbers for elastic-creep FE calculations
circumferential surface crack, and (b) cylinder of the .cylinder with an axial inner surface crack
with axial surface crack under internal pressure
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Fig. 3 Comparison of the FE C* results with those estimated according to the reference stress approach using various
reference stress solutions for the cylinder with a part circumferential inner surface crack under global bending
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Fig. 4 Comparison of the FE C* results with those estimated according to the reference stress approach using various
reference stress solutions for the cylinder with a part circumferential inner surface crack under internal pressure
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Fig. 5 Comparison of the FE C* results with those estimated according to the reference stress approach using various
reference stress solutions for the cylinder with an axial inner surface crack under internal pressure

KX =

B4 Az ¥3L

2ot AR

£ =Ac” ; A=1x107¢ 18
A71M, ¢ € AT WP E £E0]T o AEE
gol. g9, B =FdAxe ¥ 7HA ZYE A<,
n =35 108 1253} Table 1~32 £ =&A
s B I FersMd dg 2 F¢
€ Agg Ao

Aol A= NAH BdAdstES At =0 AAH
oA fEasEdd AEAI F BFE LA
A FASUA Azl @2 A Z e TP

Aot ANZTHZRE Aol BE CHERS A
Asignt. 27 YT AT AS, AYZ ¥y
ol 7@ TEEL B AREE I 24
Bl 2= zdo) 2AsH, ABAQUSY C-HE

#e A A &AL Yehig. a2y, =29
= A ARwrt gadd Ay 392 =
Zlo] MAyEty, o] me] ABAQUS'Ye C-HE e
248 ge FAstn 4z SHAL Yehdb,
C*-ZEoT EHEHY ¥, B =FoMe c*-F
gkl 7 A Yede 49 AN - (g=r2)0
A cx-ARFS ARG



F23Yy 44T FAFET] A F5 4 529
50 50 S0 50
(a) Local (b) Global (¢) FE global (d)OR
40 [F—rreticien 40} 10 40}
|—o— /=02, gre~0.1
|—o—airm0.2, pra=04
30 mos e 30f 30 30f
sh & E\- %“ 3“
20} 4 20} 20} 20}
& [reeee prodiction ——prodic: e orediction. |
od’ﬂ Ry (o Doz o oo, w0 [ P
10} 7 2o 10} |0 ai1=0.2, B=0.4 10F [—o—ai=0.2, 0.4 104 b0 air0.2, Fr=0.4
& e [—o—a/t=0.5, 0.1 [—a—a/r=0.5, 0.1 {—a—aft=}.5, fx0.1
‘Pv’ l—o—air0.3, fx03 [o—ai03, g3 o ot 03
0 A 'y I 1 0 i s 1 1 0 1 i I 1 o 1 1 I 1
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 100 20 30 40 50
Ea’q/sz Eam//qu Ea'm!/sz Ea’r//e”/

Fig. 6 Comparison of the FE J results with those estimated according to the reference stress approach using various
reference stress solutions for the cylinder with a part circumferential inner surface crack under global bending
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Fig. 7 Comparison of the FE J results with those estimated according to the reference stress approach using various
reference stress solutions for the cylinder with a part circumferential inner surface crack under internal pressure
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Fig. 8 Comparison of the FE J results with those estimated according to the reference stress approach using various
reference stress solutions for the cylinder with an axial inner surface crack under internal pressure
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