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Fig.1 Test pipe and prepared defect
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Fig.2 Test specimen subjected to inner pressure
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Fig.3 Composite layer after burst of the repaired pipe
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Table 1 Mechanical performance of materials
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Fig.4 Mesh of finite element model and some local details
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Table 2 Failure criteria and rigidity deteriorating scheme
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Fig.5 Flow chart of gradual failure in finite

element analysis
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Fig.6 Simulated strain contour
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Fig.9 Simulated circumferential strain evolution
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On the slow-going gradual failure
analysis of the composite structure in
the repaired pipeline

WANG Yan-yu', LI Can®, CHENG Zhi-qiang'

(1 Applied Mechanics and Structure Safety Key Laboratory of Si-
chuan Province, School of Mechanics and Engineering, South-
west Jiaotong University, Chengdu 610031, China; 2 PetroChina
West-to-East Gas Pipeline Company, Nanjing 210002, China)

Abstract: The present article intends to trace and examine the
gradual failure of the composite materials in a repaired pipe. To
achieve the goal of our research, we have conducted a series of
burst or breaking experiments by using a pipe specimen with a
volume defect, to which a glass composite fiber can be applied to

the burst system through rehabilitating tests. Our experimental

results demonstrate that the failure process of the composite strata
of the layers in the overwrapping rehabilitating system can be
greatly different from those in a composite overwrapped pressure
vessel (COPV). To achieve the research goal, we were manag-
ing to simulate the gradual failure processes of the composite ma-
terials with properties of steel, the filler obtained through the
strict material strength tests or from the references, with the fi-
nite element model consisting both of the pipe specimen and
composite layers of the rehabilitating system. The simulation test
has to involve Hashin failure criterion and the relevant rigidity
deteriorating method. The ultimate pressure of the specimen ob-
tained by FEM should be in nice agreement with the burst experi-
ment results, whereas the simulation results are likely to manifest
that the characteristic failure mode of the overwrapped layers may
lie in the breakage of the tested fiber. And, what is more, the
volume of the failure material at each pressure stage can also be
made clear in the FEM simulation, which can likely reveal that
the gradual failure of the composite material can be divided into 2
stages: the stable slow propagation and the abrupt or sharply re-
sulted prompt propagation, in spite that such a kind of 2-stage
phenomenon of getting broken may not have been noticed and/or
stated in the subject of COPV. Nevertheless, with the help of
FEM simulation, it would be possible to find and account for
such a kind of 2-stage breaking phenomenon. And, what is
more, it would be easy to analyze and find the effects of such a
kind of gradual failure. Hence, may the volume of the failure
composite be quite small, the failure process and result can still
affect the effectiveness of the rehabilitating system. And, fur-
thermore, the stress level or greatness in the pipe defect can be
said acceptable in the process of the slow failure propagation.
However, if the damage evolution tends to speed up and get more
and more serious, the stress status-in-situ of the pipe may get
soon be deteriorated. And, therefore, based on the circumferen-
tial strain evolution of the composite layer on the outer surface,
the paper would like to propose a novel method to determine the
critical pressure of the reinforced pipe in the paper, which proves
to be valuable in the pressure design of the composite reparable
aired pipelines.

Key words: safety engineering; pipeline; composite reinforce-
ment ; gradual failure; ultimate pressure test; criti-
cal pressure
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