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Fig.1 Force analysis of CCP specimen under biaxial load
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(b) Schematic diagram of pressure bearing pipeline
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Fig.2 Schematic diagram of research object
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Fig.3 Finite element mesh model
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Tab.1 Parameter of constraints at different crack inclination angles
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CCPitRE 4 -130.7  -78.6 133.0 oo
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A iE=w ] _ _ _ _
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Tab.2 Summary of parameters of each part

I 4 BT AT KK 4Ky +Ky) mEE SRR KT 7
Figure Part Crack type Mixed degree K /(K | +K +K ) Loading type Constraint level 7"
I 7 Hhnz (n=0,TL) )
I Mode 1 0 Uniaxial loading(7=0,TL) ~120.-40(T)
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" -4 0.22-0.36 BN (=0, TL) =75 2 A44(T5)
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Fig. 7 Effects of biaxial loading ratio 7 on FAD for CCP specimen
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Tab.3 Comparative analysis schemes of FADs of CCP specimens and pipeline
Fre-lEls JIEZ9E:N £ KT WFFER 4
Serial number-figure number Loading type Crack Constraint level Research object
) CCP,p=0,8=0",1e[1.0,4.0] mm
1 10(a) () 17 i pipe.TL, B = 07,0 €[04, 2.5 mm
1-Fig.10(a) Uniaxial loading (S) Mode | CCP,p=0,8=90"1e[1.0,4.0]mm
'
fa pipe,TL, 8 =90°,1 €[0.4,2.5]mm
21 10(b) A (S) 1-MAAm » CCP.m =06 =30"1€[1.0,4.0]mm
2-Fig.10(b) Uniaxial loading (S) I - I mixed mode 3 pipe,TL, B’ = 30°,1 € [0.4,2.5 | mm
) CCP,m=05.,8=0"1e[1.0,4.0]mm
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Study on constraint of mixed mode crack and failure assessment diagram of

pressure-bearing structure

MIAO Xinting'® LIU Guoxu' ZHANG Jinbo' PENG Jian'> BIE Fengfeng'
(1. School of Mechanical Engineering and Rail Transit, Changzhou University, Changzhou 213164, China)
2 2 g y 2

(2. Jiangsu Key Laboratory of Green Process Equipment, Changzhou University, Changzhou 213164, China)

Abstract: The crack tip constraint and failure assessment diagram (FAD) in both plate specimen and pipe structure were
studied to find out the compatibility and correlation of between the sample and piple. Based on the finite element method,
constraints at crack tip of central cracked plate (CCP) specimen and cracked pressure pipe were obtained. It was found that
crack tip constraint of CCP specimen under uniaxial loading is better matched with thick-walled pipeline under axial tensile load-
ing, while CCP specimen under biaxial loading is better matched with thin-walled pipeline under internal pressure. In addition,
the failure assessment diagram of CCP specimen and pipeline were obtained. It was found that FAD of CCP specimen is less
related with thickness, when the thickness of pipe is within the range of thick wall or thin wall; was also pointed out that stress
parallel to the crack direction increases the failure assessment curve (FAC) of the structure. Finally, it is found that FAC of the
central crack plate specimen is higher than that of the pressure bearing pipeline, for the two structures with the same constraint
level ,and crack tip mixed mode degree and loading mode. That is, it is unsafe to use FAD of CCP specimen to evaluate pipeline.

Key words: Mixed mode crack; Constraint; Failure assessment diagram; Pressure structure
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