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Stress analyses of repaired pipelines by enwinding composite materials
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Abstract: The rehabilitation technique of pipelines by enwinding non-metallic materials is a major repair way for the pipeline damaged
in services and it has great significance in ensuring smooth and safe operation for oil and gas pipelines. The mechanical theory on the
combination of thin-walled cylinders was applied to deduce a formula for calculating the thickness of the enwinding layer, and a finite
element analysis model of pipelines repaired by enwinding non-metallic materials was established based on the consideration of the an-
isotropy of enwinding materials. The result showed that the enwinding layer has little effect on the stress state of the adjacent pipe
sections the loading capacity of the repaired pipeline can be fully recovered as long as the repair thickness and length are suitable.
The enwinding layer can play an obvious role in bearing pressure after the pipe defect region yields. Increasing the repair thickness
can reduce the hoop stress of both the pipe and the enwinding layer, however, when the enwinding layer thickness is less than the
minimum repair thickness, the loading capacity of pipeline cannot be fully restored even the repair length is increased. Finally, the
calculation results of the thickness and length of the enwinding layer based on the finite element method and analytical method were
compared, which indicates that the calculating formula for the enwinding thickness lays emphasis on safety, and can be used to calcu-
late the enwinding layer in pipeline rehabilitation design.
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Table 1 Basic information for pipes,defects,and repair results in finite element models
/ MP // // , | | ,
! ‘ mm mm 0./ MPa on/MPa /mm /mm /mm /mm
1 X60 6. 4 660 7.1 423 590 0. 3~0.5 20. 0~200 20 3~7 100~800
2 X70 10. 0 1016 14. 6 490 670 0.2~0.4 58 4~200 58 4 10~15 100~800
3 X80 12. 0 1219 18 4 560 772 0.2~0.4 73 6~200 73. 6 10~15 100~800
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Fig.8 The relationship between stress in defect center and pressure in pipe of case 1
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Table 2 Minimum repair thickness and length corresponding to different defect in three pipes

/

/mm /mm
200 mm 400 mm 600 mm 800 mm 0 ® (10 (D (16
0.3 4 4 4 4 5. 8 49 17 6. 1 49
X60 0. 4 4 4 4 4 7.9 51 2.4 6. 1 6. 6
0.5 5 5 5 5 9.9 5.3 30 6. 1 8 4
0.2 10 11 11 12 12. 7 12. 3 4.4 14. 8 12. 3
X70 0.3 10 11 11 12 12. 7 12. 3 4.4 14. 8 12. 3
0. 4 11 12 12 12 17. 0 12. 6 5.9 14. 8 16. 4
0. 2 11 13 13 14 10. 1 17. 7 4.0 213 11 3
X80 0.3 12 13 14 14 15. 5 18 1 6. 2 21. 3 17. 3
0. 4 13 14 14 14 20. 9 18 9 8 3 21. 3 23 4
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