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Residual strength analysis of screen pipes based on a reduction model and stress concentra-
tion effects
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Abstract: To address downhole complications such as burst and collapse that frequently occur in perforated screen pipes, this study
investigates the influence of perforation arrangement parameters on the residual strength of round-hole screen pipes, providing a
theoretical basis for the perforation design of mechanical sand control screens in oil and gas fields. Taking a P110 steel grade @127 mm
x9. 19 mm round-hole screen pipe with a spiral perforation pattern as the research object, and combining the classical reduction model
with the phase angle influence coefficient model, an analytical model for the residual strength of the screen pipe considering opening
area reduction and instability was established. Integrated with the finite element method, the coupled effects of hole diameter,
perforation density, and phase angle on the residual strength of the screen pipe were numerically simulated, and the analytical solutions
were compared and verified against the numerical results. The study demonstrates that the hole diameter is the primary factor affecting
the residual strength of the screen pipe; a larger hole diameter results in lower strength, while a high perforation density and a small
phase angle exacerbate the weakening effect of the hole diameter. The phase angle acts as a secondary factor, with a 90° phase angle
yielding the highest residual strength, followed by 60°, and 30° being the lowest. The influence of perforation density is relatively
weaker, with higher density corresponding to lower strength. The combination of a small hole diameter, low perforation density, and a
90° phase angle provides the optimal residual strength for the screen pipe. The relative error between the analytical and numerical
solutions ranges from —5.14% to 3.70%, which satisfies engineering accuracy requirements. The established analytical model is
accurate and reliable, offering theoretical support for the optimization design of perforation parameters and the safety evaluation of field

screen pipes.
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Table 1 Analytical value of screen residual strength

fLE4fl/m  fLE6fL/m FL%E S fL/m

30°Hifif8  59.34 MPa  58.11 MPa  56.87 MPa
Lz N
10 mm 60°HH{I 1 63.15 MPa  61.83 MPa  60.51 MPa
90°HH{IfI  66.76 MPa  65.37 MPa  63.98 MPa
e 30°#HfIf  57.86 MPa  55.88 MPa  53.90 MPa
16 mm 60°HHfi 5  61.57 MPa  59.46 MPa  57.36 MPa
90°AH{If  65.09 MPa  62.87 MPa  60. 64 MPa
e 30°HH{iff1  56.87 MPa  54.40 MPa  51.93 MPa
20 1 60°MIfiiffi  60.51 MPa  57.88 MPa  55.25 MPa
90°AH{i 1 63.98 MPa  61.20 MPa  58.42 MPa

e 1 AT TS e /NI ARS8 Bl 51,93 MPa,
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Table 2 Simulation results of screen residual strength

AE4fl/m fLFE6f/m fES8f/m
30°4Hfif 58.63 MPa  57.39 MPa  56.06 MPa
Lz ,
94 60° A/ 66.21 MPa  61.95 MPa  61.03 MPa
10 mm
90°AHNfi  66.64 MPa  65.09 MPa  63.58 MPa
30°4ififs  57.97 MPa  56.95 MPa  54.27 MPa
Lt ,
A4 60°HHA /1 61.45 MPa  60.23 MPa  56.81 MPa
16 mm
90°AHNfi  64.22 MPa  61.78 MPa  60. 89 MPa
30°HM0if 56.04 MPa  54.45 MPa  50.87 MPa
Lz .
AE 60°HHA M 59.39 MPa  58.58 MPa  52.95 MPa
20 mm
90°AHNIf  60.32 MPa  59.68 MPa  57.33 MPa
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Fig.7 Curve of screen residual strength versus
hole diameter
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Table 3 Comparison table of analytical and numerical
solutions for screen residual strength

75 RE/% F5 RE/% Fe RE/%
1 -1.20 10 0.19 19 ~1.46
2 3.70 11 -1.21 20 -2.86
3 0.94 12 -0.23 21 -4.66
4 -1.24 13 1.91 22 0.11
5 -0. 82 14 0.27 23 0.17
6 0.70 15 -0.63 24 -1.39
7 -1.42 16 0.69 25 -2.04
8 -0.18 17 -1.97 26 -5.14
9 0. 49 18 1.53 27 -0.76
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Fig. 9 Error analysis between analytical and numerical
solutions for screen residual strength
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