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Abstract

An engineering estimation equation for the crack opening displacement (COD) is proposed for a complex
cracked pipe, based on the reference stress approach. To define the reference stress, a simple plastic limit load
analysis for the compiex cracked pipe subjected to combined bending and tension is performed considering
the crack closure effect in the compressive -stressed region. Comparison with ten published test data and the
results from existing method shows that the present method not only reduces non -conservatism associated
with the existing method, but also provides consistent and overall satisfactory results.
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Fig. 1 Geometry and relevant dimensions for a complex
cracked pipe in tension and bending
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Fig. 2 Schematic illustration to determine the strain
hardening exponent for the proposed COD
estimation (£, 4, denotes 0.2% plastic strain)
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Fig. 3 Assumed stress distribution for the limit load
analysis of complex cracked pipes in combined
bending and tension. Other relevant dimensions
are shown in Fig. 1
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Table 1 Summary of pipe test data® Table 2 Summary of the material tensile data
Test D, t R-O ERS
S Material | 77 i | Rt | o Test | E | Oy | ou
1.D. (mm) | (mm) Parameters | Parameters
LD. | (GPa) | (MPa) | MPa) ™ T 1, [ .
4113-1 | TP304 | 168 | 1448 | 032 | 53 | 037 L
4113-1
41132 | TP304 | 168 | 1448 | 063 | 53 | 0.37 atz2 | 1833 | 139 | 450 |53 38 | 041326
— 41142
41133 | "% 168 | 1105 | 034 | 7.1 | 0.37
o MBI 4| 197 | 610 |54 39 | 039|348
Inconel : 4039|0393
41134 | "N 168 | 11.05 | 061 | 701 | 037 4113-4
600
A106 :
41135 168 | 14221 031 | 541 | 0.37 4113-5
Gr. B 4113-6 | 1984 | 320 621 | 121 59 | 013|520
A106
4113-6 168 | 1422 | 064 | 541 | 037 41141
Gr. B
A106 41143
4114-1 165 | 1273 | 047 | 5.98 | 037 1795 | 186 | 461 | 28| 55 | 039|398
Gr.B 4114-4
41142 | TP304 | 166 | 13.46 | 032 | 567 | 037
6| 034 | 0373 AR FE 4 ez FERc ALdd A
4114-3 | TP304 | 413 | 2616 | 034 | 739 | 0. 222 Table 20] st UEon HEAE
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4114-4 | TP304 | 413 | 26.16 | 034 | 7.39 | 0373 31E& 4 (148 AH8ste] Talginh. £3 CODS
g4 dEe dA I3 =8O ARE Algs

*4114-37 41144 1HE A H(duplicate test)Y.

A 3% A @ AHEstd BEFFdel EAst=
wj&e] CODE AT F Uk

3. Aok A3 Zntetel HiWw ¥ E9

3.1 vi2 AE ool

B =FdA AT EFZFEd i@ cop Al
e BlEAdS 4587l #EA uiE Battelle
A oA &4 vl#@ T2 7% (degraded piping
program)e] 4oz g3 HiFde] EAste
vihol] thE Auj@ Ag AP wwEdch A
A 10709 23 diele g} Blustglew ol e
3le] Table 19} WERISITE AA wijd AFo &
et FHTFEY Hole wi@ FAY ¢
31%~64%01H, BEAIY ZHoly EF 9F9
37%0°)th 3 AP 5 JIAFERY dxE
wAsel AASALEQA 288°CHA FHHIL
™, 44 F3 Y (4-point bending method)& ©] &3}
=4 3¢ EAEV FEHAG. B AF E
A Table 2¢] A2ttt

ox

32ERS & 0/ &% COD AlM
E =FqA AAF ERSHSZ CODE A
t A%dE A ()E AHEEd FEged, 7hE

o

33 #jm &AM

Fig. 4~Fig. 132 vl A¥ 249 £ =&
A AAEE E@ggde] Uig ERSELE 73 FH
3}E vwdle veld Zolth F1E Fig 4~Fig.
130 A ZgFd wi ol 7 A @
< Ztln ¢33 LBBENG2H o E A4t® COD
HEE ol Yehliddl LBBENG2YHE #EE
A% wi@e FZeo|Ad2E BAMEY] A FA
7} 2w Al gk FEA oux s S
28 JHEIN CODE TFie I Ao,
U AAE Ay e ZAaFEH (2) F A
o] o} Fig. 4~Fig. 139] YERH LBB.ENG2H
ol3t CODEES AAEo| AAS Fhol ot
ZnEPV ANE AFHE g AE3ATH
#3112 LBBENG2HOEZ CODE AMNE wd&
Ramberg-Osgood <& T3t7] H3l $H-HEE
ZAoA 1% AEEFE 0857449 TS ol &
o] ZH Hgo] FPHYUoH D Zzbe] AR
)5} Ramberg-Osgood “F<*(R-O Parameters)E Table
20 sl

2o Yehd upsl Zo] LBBENG2HOE T
3 AAET ERSELE T3 Aoyt A% Az
o & 938t £33 LBBENG2RoEZ Fi
AdE 4 A wet 48 Ao HAVL

o



w3 dol EAst: Wa FENTEN ALS AL A2 THH AN

O  Experiment !
5| --o--LBB.ENG2
——ERS method |

0 ' 5 19 15 20 25 30
Moment, kN-m
Fig. 4 Comparison of the CODs from pipe test data,

4113-1, with those estimated from the proposed
ERS method and the LBB.ENG2 method

(extracted directly from (3))
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Fig. 5 Comparison of the CODs from pipe test data,

4113-2, with those estimated from the proposed
FRS method and the LBB.ENG2 method

(extracted directly from (3))
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Fig. 6 Comparison of the CODs from pipe test data,
4113-3, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig. 7 Comparison of the CODs from pipe test data,
4113-4, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig. 8 Comparison of the CODs from pipe test data,
4113-5, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig. 9 Comparison of the CODs from pipe test data,
4113-6, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig. 10 Comparison of the CODs from pipe test data,
4114-1, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig. 11 Comparison of the CODs from pipe test data,
4114-2, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig, 12 Comparison of the CODs from pipe test data,
4114-3, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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Fig. 13 Comparison of the CODs from pipe test data,
4114-4, with those estimated from the proposed
ERS method and the LBB.ENG2 method
(extracted directly from (3))
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