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Abstract

At present, the research mainly focuses on the residual strength of defective pipe columns within the
elastic range of materials, and there is relatively little quantitative analysis of the influence of differ-
ent defect size parameters on the residual tensile strength. Based on the material plastic failure crite-
rion, finite element numerical simulation method was adopted, combined with orthogonal experi-
mental design, to analyze the stress distribution law of defective pipe columns under tensile load. The
influence of parameters such as internal corrosion defect length, width, depth, pipe outer diameter,
and diameter thickness ratio on the residual tensile strength of pipe columns was studied. The results
indicate that the dimensionless tensile strength of defective pipe columns decreases in a quadratic
relationship with increasing defect depth, gradually increases exponentially with increasing defect
length, decreases exponentially with increasing defect width, and decreases linearly with increasing
sleeve diameter to thickness ratio. The depth and width of defects have a significant impact on the
dimensionless tensile strength, and overall, the degree of influence of the two is basically equivalent.
The defect length has a certain impact on the dimensionless strength, and the ratio of pipe diameter
to thickness has a small effect on the dimensionless strength, while the effect of pipe outer diameter
is minimal. Based on numerical analysis results, a multi-factor prediction method for dimensionless
tensile strength of defective pipe columns was established, providing reference for strength evalua-
tion of defective pipe columns in engineering.
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Figure 1. Calculation model diagram of local rectangular uniform thinning
for tubing with internal defects
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Figure 2. Equivalent stress cloud map of defective pipe column under different tensile loads
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Figure 3. Influence of defect depth on dimensionless tensile strength (D = 177.8 mm, T = 10.36 mm)
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Figure 4. Effect of defect length on dimensionless tensile strength (D = 177.8 mm, T = 10.36 mm)

4. BRPEKEXT TTEUR AR E 208 (D =

177.8 mm, T = 10.36 mm)

BERBEADS K LD 7E 0.4 LLINI, SPGBV, SREGTAPRBBEE I AT . #5325 15 7 30
ik, BRI AL AR RN ), d T RERIROR F AL S R EUR L, XS ETE R 5 K
AN AL, BT BOA A R RO B A S DT RE B TR FTRL, BEE RO K LB

DOI: 10.12677/mo0s.2025.1411651

188 RS


https://doi.org/10.12677/mos.2025.1411651

AR

b, PURLTERER 2RI, R R BRI IR LI DL, VAR Qe i 40, IR
DL IE N R

3.4. HRBETERE 3 5E EE AU RSN

o e P U 5 P S LR 0 1] 5 T, PRI SUOBHR RO R . b B R R 3K
TR, (FL B 5 e 5 B2 B3GR, o s B PRI IR AR /N Ra T 4 0T 1.6 n i, HihisafEc
P AT B ST U I U SR P

LR T RN, WNBREE AR B8 /N T o/m= 1/15 B, BARERRE R IE TR VA RS B, (B
O BB A TR R, BVAH LU RA [m) VA R TR, 1) V) RS TR S0 B o A B 5 BE R A /)N

ATCUE S 50 P9 B A R s 5 52 R B P ) S K, O 5 s B S A R B L e
S BE AR SAU[10]; T -5 R TR FEE X AT R0 A R e B 2 I s /N 22 T DL e 2 S K[ 7] (8]

1 -

0.9 M‘_‘
08
07 t
i 0.6
b
= 05
=
204
03 I ——iZk1: L/D=04 h/T=0.2
R = fi£k2: L/D=0.4 h/T=0.4
02 t —l1Zk3: L/D=0.4 h/T=0.6
o1 L —fi%k4: LID=12 h/T=0.6
' -e-fi£k5: L/D=2.0 h/T=0.6
O L L L L L L J
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
R PG B8 5 O/

Figure 5. Effect of defect width on dimensionless tensile strength (D = 177.8 mm, T = 10.36 mm)
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Figure 6. Influence of pipe diameter-thickness ratio on dimensionless tensile strength (D = 177.8 mm)
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Table 1. The factors affecting the dimensionless tensile strength and the value of the influencing factors
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7K 1 2 3 4

A: BRFEAEXEE, LD 0.2 0.8 1.6 2.4
B: GREEAHXSCE, h/T 0.2 0.38 0.56 0.74
C: SREGAHXNTERE, om 1/12 2/3 5/4 11/6
D: EHAME, mm 80 160 240 320
E: HHAZEW, DIT 10 15 20 25

Table 2. Orthogonal experimental results of factors affecting dimensionless tensile strength
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1 0.2 0.2 1/12 80 10 0.9191
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3 0.2 0.56 5/4 240 20 0.4720
4 0.2 0.74 11/6 320 25 0.2044
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6 0.8 0.38 1/12 320 20 0.9133
7 0.8 0.56 11/6 80 15 0.4787
8 0.8 0.74 5/4 160 10 0.3178
9 1.6 0.2 5/4 320 15 0.8498
10 1.6 0.38 11/6 240 10 0.6546
11 1.6 0.56 1/12 160 25 0.8658
12 1.6 0.74 213 80 20 0.5514
13 2.4 0.2 11/6 160 20 0.8213
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Figure 8. Relative error between formula prediction results and finite element calculation results
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Table 3. Measured dimensional parameters and strength prediction results of corrosion defects in oil pipes
7 3. FEHLMME N E MEPaR T RIBE TN R

T whoH SR WK 7

T Meimm S Emm KEEmm EEmm EEEmm UD o hT DIT R RN
1 88.9 6.45 44 23 2.00 0.49 0.19 0.31 13.8 0.903 814

2 88.9 6.45 37 43 1.74 0.42 0.36 0.27 13.8 0.883 796

3 88.9 6.45 72 83 2.52 0.81 0.69 0.39 13.8 0.751 676

4 88.9 6.45 66 56 1.81 0.74 047 0.28 13.8 0.859 774

5 88.9 6.45 84 29 1.16 095 024 0.18 13.8 0.940 847
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