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Crack Opening Displacement Analysis of Complex Cracked Pipes
based on Enhanced Reference Stress Method
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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 complex 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
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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, ¢ R-O ERS
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£, n
4113-1 | TP304 | 168 | 1448 | 032 | 53 | 037 G i
4113-1
4113-2 | TP304 | 168 | 1448 | 063 | 53 | 037 a3 | 1833 | 1390 | 450 [ s3] 38 | 041|326
— 411422
anz-3 | "N e | 1105 | 034 | 71 | 037
600 41133
Inconel 214 | 197 | 610 | 54| 39 | 039348
4113-4 168 {11.05 | 061 | 7.1 | 037 4113-4
600
0 .
szs | A% 1 e | 1a22 | 031 | 541 | 037 4135
Gr. B 41136 | 1984 | 320 621 | 12| 59 [0.13]5.20
A106 ;
4113-6 168 | 1422 | 0.64 | 541 | 037 4114-1
Gr.B
41143
ariaer | A9 es L1273 | 047 | 598 | 037 1795 | 186 | 461 | 28| 55 | 039|398
Gr.B 4114-4
41142 | TP304 | 166 | 1346 | 032 | 567 | 037
4114-3 | TP304 | 413 | 26.16 | 034 | 739 | 0.373 AHAFE 4 G2f TaAch At 7h3ds
- e il A g Table 20] A2lste] YEpRon, ARz
= O 2 2 o o
4114-4 | TP304 | 413 [ 2616 | 034 | 739 | 0373 61 ;%H 5’4; ! }%5}3 :f:t) E}a % copd
B 4R QA AR ARE AHES
*4114-33} 41144% WH8 A 9 (duplicate tesn) 9. ;‘_3— ° 3 s o ARE A8
, ol o}

Ay A @l HEsH BRFdo] At
wi#e copg A4 4+ it

K

Alaf 2t AlS

al
—_

[T

Zuete| dlw & &

|

2 A ool

FolA AAG EFAEd dig coD A
Aol B3 4E 4FE7l $siA BlS Battelle
AT A A £4 ui# X 1%R(degraded piping
program)@] Yo T FP3 RgFdo] EAst=
wj ol ok Aejg 2y AR} nlwsich A
A 10709 2 wlolei e naEloen olg A

30 o)
e

T

3tol Table 19 JeEhlgich dA 9 dFo &
AstE mRFAY Zolw Wi FAY %
31%~64%0]8, [EFE Aol 2F YFe
37%o0lch, 3 AL 25 A EY 444
BAA HALALEY 288°CoAA FHEHAL

o, 43 %l @-point bending method)S
F g9 EdE7 2A4HA
A Table2 AR

o] &3t

& e A '
€

32ERS H2 0|23 COD At
B =RoA A Wzﬂ ERSH O 2 CODE AAs
= AAE A (D) AEEY FEded, 7HE

3.3 dijw Z3h
Fig. 4~Fig. 132 A Ay Zaiet & =&
A AN BE Bgtg g oigk ERSHeZ -3 A
#E vlaste el FHolth #HalE Fig. 4~Fig.
139} A 2shFd wig dHe) A HEg g
S b 9 LBBENG2ZHLE A4HE COb
E5 o] etk LBBENG2HE dE=
e FEZatoldags FALE7 e FA
A28 A ae] digt Fohd ofuA Mg
JAE3 coDE Pt e siAiyol,
AR duan A2 i”v‘ix e 2 Ae
2o}, Fig. 4~Fig. 1391 1} LBB.ENG2 9l
Y COD#BEL AAEo 74\*&6& ol ol
2510 AAd ZAdg odE A&Esid
72 LBB.ENG2Y C.E CODE AXE mde
T37] sk $H-HYgE

Ramberg-Osgood 4 T%
FAAA 1% WP ERE 0857149 FHE ol f
atod ZAH Hgto] FAHN WY 2o Mg
th 3 Ramberg-Osgood 35 (R-O Parameters)E Table
20 Asth

o] vhebd whel Zo] LBBENG2HOE F
g Adrct ERSYOLR T AA AF A
ol & dxs&9dch. £ LBBENG2HoZE T
Ade A =0 wer 49 AR A0}

il

r



COD, mm

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
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Fig. 5 Comparison of the CODs from pipe test data,
4113-2, with those estimated from the proposed
ERS 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
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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
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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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