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Prediction of failure pressure in corroded pipelines
based on non-linear finite element analysis

SHUAI Jian ZHANG Chun’e CHEN Fulai
(Faculty of Mechanical and Electrical Engineering, China University of Petroleum, Beijing 102249 China)

Abstract A numerical model for predicting the burst failure of corroded pipeline was established using the non-linear finite element
method in which some technical points including the element mesh, material mode, nomlinear solution and failure criterion were dis-

cussed. The full-size pipe burst experiments of pipelines with different material, various sizes and defect were analyzed and computed
using this model. Based on the calculation result, anew formulafor predicting failure pressure w as presented. The depth length and
width of a defect were involved in this formula. Compared with other assessment methods and experiments, the formulahad a satis-

factory precision.
Key words: oil and gas pipeline; residual strength; safety evaluation; corrosion; failure pressure; prediction model; finite element
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Fig. 1 The finite element model of pipeline with defect
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Table 1 The burst test data of 14 pipelines with defect
/ / / mm WP
/ mm /mm MPa MPa / a
1 304 8 6 35 X46 351 543 26 4. 950 20 15 36
2 304 8 a6 35 X46 382 570 33 4. 250 21 16 29
3 304 8 6 35 X46 351 463 37 4. 640 30 14 29
4 324 6 01 X46 382 570 19 35 3. 600 18 99 16 22
5 324 10 30 X52 380 514 243 5. 150 154 50 23 20
6 324 10 30 X52 380 514 243 5. 150 30 90 22
7 508 6 60 X60 443 4 598 9 381 2 620 25 40 11 25
8 508 35 X60 429 6 672 5 900 3. 429 25 40 8
9 508 6 35 X60 434 8 672 5 1000 3. 175 25 40 8 40
10 508 a6 70 X60 430 601 1016 2. 660 25 40 11 56
11 323 9 9 80 X60 422 5 589 6 255 6 6. 950 95 30 14 40
12 323 9 9 71 X60 422 5 589 6 350 6. 850 95 30 13 58
13 323 9 9 91 X60 422 5 589 6 433 4 7. 080 95 30 12 13
14 323 9 9 74 X60 422 5 589 6 527 8 7. 060 95 30 11 30
«C 2 , mm; ¢ , mm; L , mme.
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Fig.3 The comparison of calculation values by finite
element model with values of fit formula
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P — D 1 P + P 0. 097 3[ 1 <D 2:| + Table 2 Calculation errors using four methods
B31G DNV PCORRC
—0.474L d| +* — — —13.5
0 903 exp 11— & (2) 33 52 23 54 22 89 13. 57
IRt t —0 66 0 26 053 0. 40
303 90 102 09 80 21 19. 69
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Fig.4 Comparison of calculation results using five methods
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Fig. 5 The comparison of calculation errors using
three methods
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