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Nondestructive evaluation of corrosion in pipes with composite coating with the
finite element simulation of guided wave propagation
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This study aimed to propose an NDE method based on the guided wave propagation for assessing the
thickness loss (corrosion) in the metal pipes coated with composites. First, the finite element model of a
steel pipe with the thickness of 4 mm and diameter of 200 mm coated with a layered composite material
was developed, in which the composite coating constituted by the chopped strand glass fiber mat and woven
roving glass fiber cloth layers. Then, the fundamental antisymmetric guided wave mode with the frequency
of 100 kHz was propagated in the longitudinal direction of the structure and the phase velocity of the
propagated wave was measured in specimens with different corrosion extent in the steel pipe. In the first
step, a uniform corrosion was induced throughout the pipe, and in the next step, it was induced in a part of
the pipe with a specific length and circumferential angles of 90, 180 and 360 degrees. It was shown that the
reduction in the wave phase velocity in the corroded regions compared with the intact regions was between
9% to 33% for different corrosion extents. Besides, the detection of the corrosion in the steel pipe and its
location and extent was properly performed using the guided wave propagation method. It was concluded
that the simulated guided wave propagation method can be used as a virtual lab for the development of
methods for nondestructive evaluation of pipes coated with composites and detection of the location and
extent of corrosion in them.
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Table 1 The mechanical properties of the carbon steel pipe, and mat and
woven composite plies [23].
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Fig. 1 Geometry of the steel pipe coated with composite material and
simulated in ABAQUS.
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Fig. 3 The elements type used in the developed finite element model.
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Fig. 2 The position of the actuator and sensors on the specimens.
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Fig. 6 Partial corrosion in the pipe with a length of 40 mm and a
circumferential angle of 90 degrees.

a0 90 oo aygly g o o 40 Job 4 dlgl 5l ciand (o glaSs Fo,95- 6 S

o g i -3

odiglicylan Zgo JB Cue pw dwlxo -1-3

—oVgs dgl slp edigdhculan gzlsel Calise leoge (FuiSly loges
Gibe 3 A MM Culis b oo¥ss Ay aY Ky 5l JSdie Cujpls
o d Jguz o oad ool (Sl Leles 1316 MM cualses L 2 5900lS
a5 alad LS 8 0gd oo oanline a5 jshailen el oo ools las 7 S
174 L0l 8 p0 canl ool pasuine T S5 10 ) 30,8 ez las & jga
Ot So,285 lS 50 eighiolan z9e A0 390 iz 5l I3 KHZ
Y Cowlus gosimoaglas a5 Cawl psllae cols lls (100 kHZ) oo

ol 53 ol jo (Culbrs o) (S99

F+ B
1
[ )
r . M
10000 [ .
L 3 :
+
4
Cut-off :. E ':
Frequency = 174 kHz kY 3
@ 8000 r .
= B I+
g 1.
f=2 1. .
P 1
£ i 3
= 13
S Gooo |- i
) 1
= 1 ’i
s H
H 1
= 1
A 4000 | H
1
1
H 'ﬁ_
1
H
2000 ]
1
1
L HE L L

100

I
=]
=3

300 400 500

Frequency (kHz)
Fig. 7 The dispersion curves of guided wave modes obtained using the
GUIGUW software for a 4 mm thick carbon steel pipe coated with
a 3.16 mm thick composite coating.
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Fig. 4 Partial corrosion in the pipe with a length of 40 mm and a
circumferential angle of 360 degrees.
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Fig. 5 Partial corrosion in the pipe with a length of 40 mm and a
circumferential angle of 180 degrees.
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Fig. 8 The displacement-time diagram of sensors located at the distances
of 240, 280, and 320 mm on the steel-composite pipe at the frequency of
100 kHz.
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Table 2 The guided wave phase velocity in the steel-composite pipe obtained for different thicknesses of the steel layer using the FE simulations and

the GUIGUW software.
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Table 3 The guided wave phase velocity in the intact and 360 degrees corroded parts of the steel-composite pipe obtained for different thicknesses of
the steel layer in the corrosion region with the length of 40 mm using the FE simulations.
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Table 4 The guided wave phase velocity in the intact and 180 degrees corroded parts of the steel-composite pipe obtained for different thicknesses of
the steel layer in the corrosion region with the length of 40 mm using the FE simulations.
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Table 5 The guided wave phase velocity in the intact and 90 degrees corroded parts of the steel-composite pipe obtained for different thicknesses of
the steel layer in the corrosion region with the length of 40 mm using the FE simulations.
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