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Fig.1 Mesh division of the finite element model
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Fig.2 Position relation of the defect and the pipe elbow
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Tab.1 Validation results of the finite element model

o e BEJE BRI R i L SRR TRE WBRAE RS X2
Serial N b Pipe diameter/ ~ Wall thickness/  Defect length/  Defect width/ ~ Defect depth/ ~ Ultimate inner ~ Burst failure Relative
erat number mm mm mm mm mm pressure/MPa  pressure/MPa error/%
1 133 4.1 24 20.50 2.60 29.78 29.00 2.69
2 133 4.1 54 20.50 2.60 23.15 22.00 5.23
3 72 7.0 91.44 128.93 5.50 34.66 35.90 3.45
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Fig. 4 Stress nephogram of the defective pipe elbow under different inner pressures
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Fig. 5 Effect of relative defect depths on the ultimate inner pressure

of the pipe elbow
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Fig. 6 Effect of defect lengths on the ultimate inner pressure of the

pipe elbow
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pipe elbow

AN
I A5 6=180°
Clock angle 6=180"

I B A 5 6=90°
Clock angle 6 =90°

0.023 954 139.044 278.064 417.084 556.104 0.036 187 139.1

69.534  205.554 347.574 486.594 625.614

(a) GREEITEH AL 6=0°
(a) Defect clock angle 6=0°

278.163

69.5679 208.631 342.695 486.758 625.821

(b) BRBEMFBP A 6=90°
(b) Defects clock angle 6=90°

417.226  556.29 0.065058 139.012 27796 416907  555.655

69.5387 208.486 347.433 486381 625328

(c) BBl 0=180°
(c¢) Defects clock angle 6=180°

B8 AR AETHEREESENRNGEE

Fig. 8 Stress nephogram of the defective pipe elbow at different clock angles
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Fig. 10 Effect of pipeline sizes on the ultimate inner pressure of the
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Fig. 11 Effect of material parameters on the ultimate inner pressure
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Study on the ultimate bearing capacity of high steel grade elbow with trench defects

ZHANG Tao' ZHANG Ying' ZHAO Pengcheng' WANG Jiayin® HE Zhanyou’ SONG Peilin'
(1. School of Safety Science and Engineering, Changzhou University, Changzhou 213164, China)
(2. Qingdao Qinggang Tongda Energy Co., Ltd., Qingdao 266555, China)

(3. Oil and Gas Technology Research Institute, Changqing Oilfield Company, Xi’an 710018, China)

Abstract: Elbows are an important component of oil and gas pipelines. The force state and the medium flow state are
more complex than that of the straight pipe. Once the defect occurs at the elbow, the elbow pipe is more prone to fail. The
high steel grade pipeline is the development trend of the long distance oil and gas pipeline construction, and it is urgent to
evaluate the residual strength of the high steel grade bending pipe. Through the establishment of the finite element model, the
defect size, relative position, bending radius, pipe parameters and pipe performance influence were studied on the ultimate
internal pressure of the elbow, and finally the prediction formula of the bending was established. The results show that with
the increase of defect length and defect depth, the ultimate internal pressure of the elbow is significantly reduced. The trench
defect affects the ultimate internal pressure when the trench defect is located in the inner arch of the elbow. The bending
radius, the wall thickness and the pipe material will affect the ultimate internal pressure. The error analysis shows that the
prediction formula is more accurate, which can provide the basis for the residual strength evaluation of high steel grade elbows
with trench defects.
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