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Failure analysis of cracked pipes repaired by composites under
internal pressure

QIU Jinshui, CHEN Rumuw, LIU Boyun, REN Guanglu
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract; In order to accurately evaluate the effectiveness and failure pressure of cracked pipelines repaired by fiber composites under static
load, a numerical model for the failure of cracked pipelines repaired by composites was established. The numerical model simulated the crack
propagation of the pipeline by expanding finite element method. The cohesive element was used to simulate the debonding failure of the adhesive
layer. The failure of the composite material was determined by the maximum stress failure criterion. The proposed numerical model of failure was
verified by hydrostatic burst test. The experimental results were in good agreement with the numerical results. According to the results of numerical
analysis, when the internal pressure increases to a certain value, the initial crack of the unrepaired pipe gradually expands along the axial and wall
thickness directions, and then the inner wall unit of the pipe expands into a real crack. At the same time, the real crack runs through the entire
wall thickness. The burst failure pressure decreases exponentially with the half length of the initial crack. The different repair conditions of cracked
pipelines repaired by composite exhibit the same failure mode: under the monotonically increasing internal pressure of the pipeline, the internal
surface of the pipeline first appears a cohesive crack, and the cracking tendency of its outer surface rises sharply, making the stress of the composite
material layer rise sharply and reach the ultimate strength. And there are corresponding critical values of the composite layers for different initial
crack sizes.
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Tab.1 Performance parameters

E,,/MPa  G,/MPa G,/ MPa o,/MPa
3000 1160 1160 20
o./MPa o/MPa G, /(kl/m*) Gyu/(kl/m®)
20 20 0.252 0. 665
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Tab.2 Performance parameters of glass fiber reinforced epoxy resin-based composite laminates

E,./GPa E,,/GPa Vi G,/ GPa G,/ GPa G,/ GPa
25.8 21.8 0.115 3.85 1 1

X,/MPa X./MPa Y,/MPa Y./MPa S,/MPa S,/MPa
489 309 276 183 33.9 33.9
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Tab.3 Numerical calculation and experimental results
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pipeline during blasting failure
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