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Erkegali Amanbayev!, Bazartai Alimbayev?, Bauyrzhan Manapbayev’, Raushan Djanuzakova*

"Department of Architecture and Construction Production M.KH. Dulati Taraz State University 080012, 7 Suleymenov
Str., Taraz, Republic of Kazakhstan. E-mail: amanbaev68@inbox.ru

’Department of Construction and Production of Materials M.KH. Dulati Taraz State University

080012, 7 Suleymenov Str., Taraz, Republic of Kazakhstan. E-mail: bazalim@mail.ru

3Department of Construction and Production of Materials M.KH. Dulati Taraz State University 080012, 7 Suleymenov
Str., Taraz, Republic of Kazakhstan. E-mail: jiboj@mail.ru

“Department of Automation and Telecommunication M.KH. Dulati Taraz State University 080012, 7 Suleymenov Str.,
Taraz, Republic of Kazakhstan. E-mail: rdd-taraz@mail.ru

Corrosive damages can lead to accidents on pipelines in various industries. Therefore, the main objective of the
work is to study the peculiarities of the development of internal corrosion at the corners of turns in steel pipes.
The paper discusses the development of corrosion. It substantiates the primary importance of the development of
corrosion on curved sections of steel pipes. It has been established that, in curvilinear areas, the rate of corrosion
development depends on the rate of fluid flow, on the number of ions, and also on the effect of centrifugal force.
The authors studied the average rate of corrosion development at the turns of hydraulic structures. Thus, the
results obtained showed that the location of steel pipes of hydraulic structures affect the rate of corrosion develo-

pment from inside the pipes.
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1 Introduction

In the history of construction and maintenance of steel
pipes, there are accidents and failures due to corrosion da-
mages [29, 17]. The problem of corrosion is very urgent
and is one of the main factors that cause major cata-
strophes and accidents on pipelines in various industries.

The main type of corrosion of pipes, which leads to
damages, is internal corrosion. Corrosion prevention in
steel pipes used in various industrial facilities is in appli-
cation of insulating coatings both inside the pipes and out-
side. At that, attention is not paid to the corrosion propa-
gation behavior in the curved sections of steel pipes.

The main internal corrosion studies were carried out
in oil and gas and chemical industries, where the trans-
portable medium rapidly leads to the internal corrosion
[12, 31, 16, 37]. Also, these studies are well developed in
the studies of water and heat supply systems [10]. A lot
of research has been carried out to this day and being
carried out at the moment on the corrosion propagation in
these industries, but these results cannot be generalized
and used in hydraulic engineering structures due to the
difference in the transportable media properties.

In [31] the author studies irrigation pressure pipe sys-
tems’ life aging by means of forecasting the corrosion
propagation danger of metal pipes transporting waste
waters. In the work the emphasis is made on waste waters.
It does not consider effect of corrosion propagation on the
constructional metal pipe features.

The work [26] considers operation conditions of “As-
trakhan-Mangyshlak™ main internal surface conduit and
properties of corrosion formation on it. The corrosion
propagates due to water composition, temperature
fluctuations and changes along the conduit length. The
work does not consider effect of corrosion propagation on
the constructional metal pipe features.

The work [24] notes that after long-term operation, lo-
calized corrosion damages occur on the oil and gas pipe
pitches due to the transportable medium composition and
movement influence, which can lead to the pipe rupture.

The works [15, 23, 15] present results of experiments
on the study of corrosion in the internal cavity of pipes,
where the transportable medium flow regime and compo-
sition affect the pipe corrosion.

As the review of sources in this direction has shown,
investigations of internal corrosion in hydraulic enginee-
ring structure pipes have not been adequately conducted,
and there are practically no works on the study of the
corrosion propagation on the curved sections of steel pi-
pes.

2 Methodology

Our investigations [1, 30, 6, 7] showed that corrosion
propagation occurs more intensively on the curved secti-
ons of steel pipes for various purposes than on the straight
sections.

We have proposed corrosion propagation mechanism
in steel structure elements in aqueous medium taking into
account their ferromagnetic properties [2, 18, 20]. These
studies showed that on the straight sections, ions of the
transportable medium attracting by the Lorentz force to
the walls of cracks start chemical process of steel ele-
ments’ corrosion. Existing cracks on the outside are cove-
red with oxide film forming iron hydroxides. Cracks
filled with corrosion products on the straight sections are
less susceptible to mechanical influences on the transpor-
table medium. Therefore, here the corrosion propagation
velocity is less than in the curved sections of steel pipes.

In the curved sections of steel pipes, a centrifugal
force acts on moving particles (gases, mechanical impu-
rities, water or other liquids) having a certain mass [28].
In the curved sections the corrosion propagation velocity
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depends on the liquid motion velocity, on the number of
ions, and also on the centrifugal force effect equal to:

F=—"0, (1)

where: m — particle mass;

v — particle motion velocity;

R —radius of deformation.

These particles, acting mechanically, open cracks of
steel pipes closed by the primary corrosion products and
contribute to the further intensive corrosion propagation
in them.

In the straight sections the corrosion propagation
velocity depends only on the liquid flow velocity and on

2
m-v

the number of ions, as _50,at R=00.

In the curved sections, where the turning angle equal
to 90°, the corrosion propagation velocity depends on the

liquid flow velocity, on the number of ions, as well as on

. . . )
m-v
the kinematic energy action, as S omax » A

R — 0 [28]. In this situation, the corrosion propagates
several times more than in other curved sections, as the
liquid motion before the angle changes and the number of
ions increases. If previously on the straight sections, ions
on the wetted perimeter of the pipe could act on the corro-
sion propagation velocity, then at turns to 90°, ions on the
cross sectional area of the liquid can affect the corrosion
propagation velocity.

To test the proposed mechanism for the corrosion pro-
pagation, we have conducted experiments to measure
thickness of the steel pipes walls on the curved sections.
The purpose of the experiment is to determine the turning
angles, which have the greatest influence on the corrosion
propagation velocity.

To this end, we have developed an apparatus for de-
termining metal corrosion on the curved sections in steel
pipes (Fig. 1). The apparatus consists of a pump welded
at various angles of pipes ¥32x3.0 in diameter, a filter, an
air valve and supports. The apparatus developed by us,
where the liquid is circulated by the pump, has sections
of steel pipes: straight, curved and with turn by 90°.

Fig. 1 The apparatus for determining metal corrosion on the curved sections in steel pipes

The experiment was conducted for one year. As is
known, river water, fresh water have very weak ions, the-
refore, in order to obtain comparatively fast results in the
role of a corrosive fluid, we took the salt solution, gene-
rally accepted in such experiments (NaCl 3.5%) [9,36].

It should be noted that in similar works [37, 9], the salt
solution (NaCl 3.5%) is used to study the corrosion pro-
pagation.

In the work [27], the salt solution (NaCl 3.5%) is also
used for the experiment, but the work deals with the
corrosion propagation in welded joints of pipes.

The thickness of the steel pipes walls was measured
by ultrasonic thickness gage UT-301 according to GOST
28702-90. The converter is of 5B12/2-5.0MHz type. The
main material of the pipe with ©32x3.0 diameter is (Steel

10, GOST 1050-88). When measuring, the “echo” prin-
ciple is used, i.e. the searcher and receiver are combined
in one tester. The activated ultrasonic signals reach the
internal pipe surface and are reflected by the receiver,
knowing the propagation velocity and the time of passage
of ultrasound on the metal, we have determined the wall
thickness [37].

The layout of the measurement points in the apparatus
is shown in Fig. 2. The apparatus is made of a 32 mm
pipe, its wall thickness is 3mm, two angles of 90°, one
angle is 135° one angle is 120° the sharp angle is 35°.
The length of the upper pipe is 120 cm, the height is 35
cm, the lower length of the pipe is 36 cm, the angle from
this segment is 135°. The apparatus consists of five pipe
sections. Its perimeter is 296 cm.[26]
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3 Results and discussion

The apparatus was switched on in May 2016. There is
a pump in the middle of the upper part that distills the salt
solution. The pump is switched on via the time relay, it
works continuously for 1 hour, stops for 20 minutes. The
thickness of the pipe wall at 17 points was measured after
3 months (Table 1), 8 months (Table 2) and 1 year (Table
3). The thickness of the pipe wall was measured in the
laboratory of ultrasonic testing (Testing laboratory of
PKF FAN LLP, Taraz, Accreditation certificate No.
KZI()81791) column
Fig. 2 The layout of the measurement points in the appa-
ratus
Tab 1 The results of measuring the thickness of the steel pipes walls subjected to internal corrosion (August, 2016)

A

Mean value | Thickness of the wall | Initial thickness of the
Measurement | of three me- taking into account wall and diameter of | Retirement .
No. . Notice
value (mm) asurements measurement errors measured elements size (mm)
(mm) (mm) (mm)
1 2 3 4 5 6 7 8 9
1 30129 | 3.0 3.0 2.9 0¥32x3.0 5=1.53 pipe
2 3.1 13.0] 3.1 3.1 3.0 0¥32x3.0 5=1.53 -/ -
3 30129 | 3.0 3.0 2.9 0¥32x3.0 5=1.53 -/ -
4 30131130 3.0 2.9 0¥32x3.0 5=1.53 -/ -
4A | 29|28 |29 2.9 2.8 0¥32x3.0 5=1.53 -/ -
5 29 128129 2.9 2.8 0¥32x3.0 5=1.53 -/ -
6 30129 | 3.0 3.0 2.9 ¥32x3.0 5=1.53 -/ -
7 3.1 13.0] 3.1 3.1 3.0 ¥32x3.0 5=1.53 -/ -
8 27127 |27 2.7 2.6 ¥32x3.0 5=1.53 -/ -
9 27128 |27 2.7 2.6 ¥32x3.0 5=1.53 -/ -
10 | 29| 28|29 2.9 2.9 0¥32x3.0 5=1.53 -/ -
11 30129 | 3.0 3.0 2.9 0¥32x3.0 5=1.53 -/ -
12 3.1 | 3.0 | 3.1 3.1 3.0 ¥32x3.0 5=1.53 -/ -
13 2.7 12727 2.7 2.6 ¥32x3.0 5=1.53 -/ -
13A | 2.7 | 2.7 | 2.7 2.7 2.6 ¥32x3.0 5=1.53 -/ -
14 | 29|28 29 2.9 2.8 0¥32x3.0 5=1.53 -/ -
14A | 29 | 2.8 | 2.9 2.9 2.8 ¥32x3.0 5=1.53 -/ -
Tab 2 The results of measuring the thickness of the steel pipes walls subjected to internal corrosion (February, 2017)
Mean value of Thickgess .of the Initial thickngss of .
Measurement wall taking into ac- | the wall and diame- | Retirement .
No. three measure- . Notice
value (mm) count measurement | ter of measured ele- | size (mm)
ments (mm)
errors (mm) ments (mm)
1 2 3 4 5 6 7 8 9
1 301291 3.0 3.0 2.9 0¥32x3.0 6=1.53 pipe
2 301291 3.0 3.0 2.9 0¥32x3.0 6=1.53 -/ -
3 29 |28 |29 2.9 2.8 0¥32x3.0 6=1.53 -/ -
4 29 129129 2.9 2.8 0¥32x3.0 6=1.53 -/ -
4A | 2223 |22 2.2 2.1 0¥32x3.0 6=1.53 -/ -
5 24 | 23] 23 2.3 2.2 0¥32x3.0 6=1.53 -/ -
6 29 | 3.0 29 2.9 2.8 0¥32x3.0 6=1.53 -/ -
7 301291 3.0 3.0 2.9 0¥32x3.0 6=1.53 -/ -
8 24 | 23| 24 2.4 2.3 0¥32x3.0 6=191 -/ -
9 2.7 | 2.8 | 2.7 2.7 2.6 0¥32x3.0 6=191 -/ -
10 | 28 |29 |28 2.8 2.7 0¥32x3.0 6=191 -/ -
11 30129 3.0 3.0 2.9 0¥32x3.0 6=191 -/ -
12 30129 3.0 3.0 2.9 0¥32x3.0 6=1.53 -/ -
13 2.7 | 2.6 | 2.7 2.7 2.6 0¥32x3.0 6=1.53 -/ -
13A | 24 | 25|25 2.5 2.4 ¥32x3.0 8=1.53 -/ -
14 |24 ]25|24 2.4 2.3 0¥32x3.0 8=1.53 -/ -
14A | 23 | 23 | 24 2.3 2.2 ¥32x3.0 8=1.53 -/ -
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Tab 3 The results of measuring the thickness of the steel pipes walls subjected to internal corrosion (May, 2017)

Thickness of the Initial thickness
Mean value of wall taking into of the wall and di- . .
No. Measurement three measure- account measure- ameter of mea- Retirement size Notice
value (mm) (mm)
ments (mm) ment errors sured elements
(mm) (mm)
1 2 3 4 5 6 7 8 9
1 29 28129 2.9 2.8 ?32x3.0 6=1.53 pipe
2 29129 |28 2.9 2.8 ?32x3.0 6=1.53 -/ -
3 29 28129 2.9 2.8 ?32x3.0 6=1.53 -/ -
4 29 28129 2.9 2.8 ?32x3.0 6=1.53 -/ -
4A | 22 | 2.1 | 2.1 2.1 2.0 ?32x3.0 6=1.53 -/ -
5 2.1 |22 ]22 2.2 2.1 ?32x3.0 6=1.53 -/ -
6 26 | 2.7 | 2.7 2.7 2.6 ?32x3.0 6=1.53 -/ -
7 29 28129 2.9 2.8 ?32x3.0 6=1.53 -/ -
8 24 (23|23 2.3 2.2 ?32x3.0 6=191 -/ -
9 2.7 | 2.8 | 2.7 2.7 2.6 ?32x3.0 6=191 -/ -
10 2.7 | 27| 2.6 2.7 2.6 ?32x3.0 6=191 -/ -
11 28 | 2.7 | 2.7 2.7 2.6 ?32x3.0 6=191 -/ -
12 29 (28129 2.9 2.8 ?32x3.0 6=1.53 -/ -
13 28 | 2.7 | 2.7 2.7 2.6 ?32x3.0 6=1.53 -/ -
13A | 24 | 25| 24 2.4 2.3 ?32x3.0 6=1.53 -/ -
14 29 | 28129 2.9 2.8 ?32x3.0 6=1.53 -/ -
14A | 22 | 22 | 2.3 2.2 2.1 ?32x3.0 6=1.53 -/ -

Analysis of Tables 1, 2, 3 shows that at the points of
measurement — No. 4A, 8, 13A, 14A, where the turning
angles are sharp or equal to 90°, the wall thickness has
significantly decreased. This shows that on the curved
sections of steel pipes, corrosion propagates more
strongly than on the straight sections, which in turn con-
firms the corrosion propagation mechanism proposed by
us.

Corrosion inside steel pipes begins, as we established
earlier [29, 2, 4], in the damaged areas. These areas with
defects, non-uniformities, dislocations and cracks in steel
structures, damage the ferromagnetic properties of steel.
They, in turn, damage the domain structure of steel, and
between the domains Cl ions are attracted to the south
poles, and Na* ions are attracted to the north poles, and
thus corrosion begins, i.e. chemical process.

The pipe thickness in the first section decreased by 0,1
mm at the first measurement and the corrosion propaga-
tion velocity was equal to 01 _ 0.4mm / year ° The

0,25
corrosion propagation velocity in the second measure-
ment was equal to zero. The corrosion propagation

velocity in the third measurement was equal to
O 3 / year ° The average corrosion propagation
0,353

velocity in the steel pipes with the straight section was
equal to OTZ —0,2mm / year ° After mathematical proces-
sing of thickness measurement results, we determined the
corrosion propagation velocities in the steel pipes of the
experimental apparatus on its straight sections, which are
shown in Fig. 3.

At first straight sections of the steel pipes, the corro-
sion first developed actively, and then its propagation
velocity slowed down. Then after a certain time, the
corrosion propagation resumed. The resulting phenome-
non is explained by the fact that when the ions passed
through the cracks of domains after the first measure-
ment, products of chemical reaction — micelles (chemical
corrosion product) [4] formed and filled the cracks of do-
mains, thereby reducing the corrosion propagation
velocity.

2 ‘
0 5

8 | 12 T

Fig. 3 Dependence of the pipe wall thickness on the residence time in the corrosive medium on the straight sections.
The numbers correspond to the measurement points on the experimental apparatus.
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The average corrosion propagation velocity on the
curved sections of the steel pipes of hydraulic engineering

structures (Fig. 4) equal to 0.375 mm/year.

t A

g s 77 Y6 11

2 | e | -
Z b 5 12 T

Fig. 4. Dependence of the pipe wall thickness on the residence time in the corrosive medium on the curved sections. The
numbers correspond to the measurement points on the experimental apparatus.

The obtained value in comparison with the straight
section of the steel pipes increased by 187.5%. This phe-
nomenon is explained by the fact that when turning the
steel pipes, the liquid under the action of centrifugal
forces hits the walls and wash out the micelles, and there-
fore the physical process does not stop, affecting the cor-
rosion propagation velocity.

The average corrosion propagation velocity at the
turns of the steel pipes of hydraulic engineering structures

t A

Z \
0 3

equal to 90° and is shown in Figure 5 and equal to 0.833
mm/year. [29]

The obtained value in comparison with the square sec-
tion of the steel pipes increased by 416.5%. This phenom-
enon is explained by the fact that when turning by 90°, the
liquid completely breaks its structure, and the number of
ions in the liquid increases in proportion to the ratio of the
cylinder volume to its perimeter.[9]

4

Fig. 5 Dependence of the pipe wall thickness on the residence time in the corrosive medium on the square sections. The
numbers correspond to the measurement points on the experimental apparatus.

Thus, we obtained results showing that location of the
steel pipes of hydraulic engineering structures affects the
corrosion propagation velocity inside the pipes. This phe-
nomenon was not taken into account when designing the
steel pipes of hydraulic engineering structures, and relia-
bility of the steel pipes depends on their location in space.
In practice, elements of metal structures are designed to
be equal in strength, while elements of metal structures of
hydraulic engineering structures should be designed to
have the same reliability and ensure trouble-free opera-
tion.

Calculation of tubular metal structures of hydraulic
engineering structures is carried out according to the
well-known formula of Laplace [13]:

6,0, _
+ = pt, 2
n r

where, O - meridian stress ;

o, - circular stress;
- meridian radius;

7, - radius of curvature in the circular direction;
P - pressure inside the pipe;

! — thickness of the pipe walls.

The second component stress acting along the me-
ridian direction is also determined for the pipes by the
formula [13]:

o, = %, (3)

The pipes are in a plane stressed state, and the strength
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is tested by the following formula [13]:

\/0'12—0'10'2+0'22 SRy&, 4)

n

where, Ry— design strength of the steel, established
by the yield point;

V.- service factor;

7, - reliability factor.

The calculation made by this formula does not ensure
trouble-free operation of the pipes of hydraulic enginee-
ring structures, since it does not take into account the
corrosion propagation inside the pipe.

4 Conclusion

The results of the above studies carried out by us in
laboratories of M.Kh. Dulati Taraz State University
showed that the pipes can lose their performance due to
the corrosion. Pipes having turning angles, especially
when they turn at the angle of 90°, may lose their trouble-
free operation earlier than the pipe sections having
straight sections.

To eliminate this phenomenon, it is necessary to take
measures ensuring equal reliability of all sections of tu-
bular steel structures of hydraulic engineering structures,
thus ensuring their trouble-free operation.

In our opinion, the following measures should be ta-
ken:

o thicken pipes at the turning points;

e periodically paint pipes at the turning points;

e use in the turning points of pipes, steel of corro-
sion-resistant properties grades;

e continue to study the corrosion propagation on
the curved sections of the steel pipes.
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