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Experimental investigation of pressurized steel pipes with mechanical defect
under axial compression
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ABSTRACT

In addition to the operational and environmental loads, an offshore pipeline may be subjected to
accidental transverse loads by falling heavy objects or trawl gears. As a result, the load bearing capacity
of the pipeline may be significantly impared by the dents, gouges or other types of damages caused by
the impact. Such damage to an offshore structure may have serious environmental and economic
consequences. In this study, results of experimental investigations on the residual strength of plain and
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,\?iall Loading gouged dented steel pressurized pipes under monotonic axial compression are presented. Some series
Monotonic Compression small-scale specimens were fabricated from API-5L-X80 steel pipes with (D/) ratio of 22 for the
ftt‘el P;P;rﬁﬂes purpose of experimental tests. The specimens were dented by a spherical indenter with (d/D) ratio of
ntermal essure » ! 1 H e 1 1 /]
et Do 0.45 and gouges were applied along the pipe axis on the outer surface of the middle portion, whose

cross section was rectangular. Defected and intact specimens were then collapsed by monotonic axial
compression loading whilst subjected to constant internal pressure. In this research, effects of some key
non-dimensional parameters such as dent depth, presence of the internal pressure and geometrical
parameters of gouges have been studied.
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Fig. 2 Geometrical properties of the Experimental specimens (mm) [14]
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Fig. 3 View of the preparation of tensile test coupons
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Fig. 4 Stress-Strain curve obtained by the tensile test
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Table 1 Mean value of geometric characteristics for the experimental specimens

S ey ()55 Sl als (mm) Jsb (,:Sils (nm) > 5 b 5 Siln aiges
L e 70.05 44.02 Exp. 1
b 58 70.07 44.05 Exp. 2
ol o 69.92 44.07 Exp. 3
ol > 70.06 44.02 Exp. 4
= ot 69.97 44.03 Exp. 5
ol 5 70.08 44.06 Exp. 6
sl b 70.07 4397 Exp. 7
ol b 70.09 44.04 Exp. 8
il AL, 70.04 44.05 Exp. 9
2l oL 69.91 44.06 Exp. 10
il oL 70.05 44.06 Exp. 11
il il 70.06 43.96 Exp. 12
ol b 70.08 44.07 Exp. 13
e 155 70.06 44.05 Exp. 14
ok ot 70.09 44.03 Exp. 15

Ol 8 K3 02 Jeaz) el as F 15 Jbsl 0,0 btz awacn
P & bgye Cales 2al8 Jloel o 3 )00k 5l (S0 sl

ol 00l &3l Lo diges

Fig. 6 Geometrical characteristics of the gouges [16]
[16] cules rals slel 8,0e Cgz ool aslazul glazal )l 6 JSS0

Fig. 7 Spark erosion at mid-span of the specimens
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Table 2 The geometrical characteristics of the gouges

(win) % (/D) % (elt) % gt
100 45 75 Exp. 7
100 45 75 Exp. 8
200 22 75 Exp.9
100 45 50 Exp. 10
100 45 50 Exp. 11
200 22 50 Exp. 12
200 22 50 Exp. 13
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Fig. 8 the mean error values from creation of the gouge for one of the
specimens obtained by 3D scan analysis
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Table 3 A summary of results obtained by denting tests
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Fig. 15 Stress-strain response of intact specimens (Exp. 14 and Exp.
15) under axial compression
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Fig. 17 Stress-strain curves of intact and dented specimens in the absence of internal pressure
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Fig. 18 Comparison of stress-strain responses of pressurized/un-pressurized specimens

Table 4 Summary of results obtained by axial compression tests
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609 230 689.00 641 0 0 0 0 Exp. 1
576 223 665.33 12.64 0 0 0 0 Exp. 2
559 213 636.07 18.03 0 0 0 0 Exp. 3
561 3.10 658.24 5.61 0 0 0 031 Exp. 4
531 3.05 634.64 11.30 0 0 0 031 Exp. 5
517 298 62535 14.77 0 0 0 031 Exp. 6
520 221 619.74 10.98 100 45 75 031 Exp. 7
508 216 606.60 14.16 100 45 75 031 Exp. 8

s - - Failed 200 2 75 031 Exp. 9
522 2.70 62548 11.03 100 45 50 031 Exp. 10
515 277 618.00 14.74 100 45 50 031 Exp. 11
523 262 624.73 10.98 200 22 50 031 Exp. 12
513 253 615.86 14.71 200 22 50 031 Exp. 13
638 3.03 740.60 0 0 0 0 0 Exp. 14
586 3.19 675.51 0 0 0 0 031 Exp. 15
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