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ON THE METHOD OF EXPERIMENTAL EVALUATION OF MODEL
PARAMETERS FOR PREDICTING THE CHARACTERISTICS

OF PIPE MATERIAL CRACK RESISTANCE, TAKING INTO ACCOUNT
THE INFLUENCE OF CORROSION-EROSION PROCESSES

The article considers the peculiarities of the model for predicting the crack resistance characteristics of pipe mate-
rial taking into account the influence of corrosion-erosion processes during long-term operation with an estimation
of one of the major characteristics of cyclic crack resistance, threshold stress intensity factor. A methodical descrip-
tion is given for the experimental determination of the values of cyclic crack resistance characteristics (threshold
stress intensity factor, parameters of Paris equation of fatigue fracture kinetic diagram) of the pipe material under
the direct corrosion-erosion effect of a liquid medium on fatigue crack front in laboratory compact specimen.
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Introduction. An experimental determination of
the crack resistance characteristics of structural ele-
ments and laboratory specimens is carried out in ac-
cordance with long-established recommendations [1]
under cyclic, standard [2], static loading, and also only
for oil pipes, the new standard of the Republic of Bela-
rus [3], in the air, other gaseous and inert media, as well
as in vacuum. However, in case of structural element
working in liquid media, new problems arise due to the
interaction of the material, i.e. medium, which can have
a significant impact on the crack growth resistance [4].

When studying the characteristics of crack resis-
tance in inert media, the dominant mechanism of local
material destruction in the vicinity of the crack tip is
the mechanical process of fatigue (or static) destruc-
tion. Therefore, the stress intensity factor (SIF) as
a parameter of linear fracture mechanics fully controls
the fracture process. Each of its values will correspond
to a certain rate of crack growth. When testing for crack
resistance in liquid media, especially corrosive ones,

the mechanical failure factor loses its dominant value
as a result of physical and chemical processes at the
crack tip between the material and the medium. These
processes, which depend on the state of the fracture
surface and occur at different speeds, also affect the for-
mation of the prefracture zone at the crack tip. There-
fore, the crack growth rate will be determined not only
by the SIF but also by the parameters characterizing
the physicochemical processes at the crack tip between
the material and the medium, as well as the parameters
characterizing the fracture surface [4, 5].

The task of estimating the characteristics of resis-
tance to crack growth of structural materials, including
pipe steels of main oil and gas pipelines, pipelines of
chemical enterprises and conventional water pipes, in
conditions of exposure to liquid corrosive media is very
relevant.

This work determines the method of experimen-
tal determination of model parameters for predicting
changes in crack resistance characteristics of pipe steel
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material in conditions of corrosion-erosion effects of
any liquid media.

A model for predicting changes in the crack resis-
tance characteristics of pipe material taking into account
the effect of corrosion-erosion processes. Numerous
experiments have shown that a liquid medium, espe-
cially a corrosive one, not only increases the growth
rate of the fatigue crack, but also changes the nature
of the fatigue fracture diagram itself. Thus, in the most
general case of interaction of corrosive fatigue and
stress corrosion processes, the fatigue fracture diagram
opposed to an inert medium (Figure 1, curve 1), has
the form shown by curve 2 in Figure 1, which can sig-
nificantly change depending on the loading parame-
ters, metal structure, physical and chemical properties
of the medium [4, 6—8].

Previously [9] there was given a description of model
elements for forecasting crack resistance characteristics
of pipe material taking into account the effect of corro-
sion-erosion processes during long-term operation. Be-
low we will briefly consider the method of estimation of
one of the most important characteristics of cyclic crack
resistance, the threshold SIF, according to this model.

Based on the assumption that the endurance limit
is the minimum stress at which cracks begin to deve-
lop, the size /.. of which is a constant value for the given
material, then the value of the threshold SIF can be es-
timated by the expression [10]:

Kmnxth = YG*] \' TE[C* b (1)

where /. — the critical size of microcracks; ¥ — the cor-
rection factor, which is taken equal to 0.65 for a surface
crack in the form of a semicircle and 1.12 for a surface
crack passing through the entire thickness of the specimen.

Let’s write down the formula (1) for the threshold
SIF taking into account the effect of corrosion-erosion
processes in the form:

Kmaxrh(ch) = Yc—lr(ch) nlc*’ (13)
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Figure 1 — Typical kinetic diagrams of fatigue fracture in an inert (1)
and liquid (2) medium
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where 6_,_,, is the endurance limit taking into consi-
deration the effect of friction and corrosion erosion,
the value of which can be estimated by the expression:

G _jxeny — O1” o(t,, D), ()

where the function of the influence of tangential stres-
ses and friction corrosion

2 m, (1)
1 T v, (1)
= |— | 2L it A 3
(p(TL’DT) \/AG/‘L’ (Tecj ( Ven j ( )

is determined not only by the level of tangential stresses
(t,/7,.) <1 (here 7, is the limit of corrosion-erosion
fatigue of the inner surface of the pipe in the absence
of normal, stretching or bending, stress o), but also by
the parameter AG/Z 1, describing the conditions and
direction of dialectical interaction of mutually condi-
tioned damages from normal and tangential stresses.

Tangential stresses T, can be determined by the al-
ready known formula [11-13]:

T, =P/ 2, (4)

where f, — the parietal friction coefficient; p, —
the density of the pumped product; v, — the flow rate
of liquid in the pipe.

In the formulas (2) and (3), parameters D deter-
mine the contribution of corrosion processes to com-
plex damage to pipe material [11—13]:

My My(z)
1-D, =| 2| s 1-p=| 2| (5
Veio) Venr)

where v, is the corrosion rate in a given medium; v,
L, are the corrosion rate in the same medium, res-
pectively, under power (index o), friction (index t)
impacts; m, is the parameters determining the electro-
chemical activity of materials under power (index o)
and friction (index t) loadings.

According to (2) and (3) we have

O _11(ch) >0,
when @(t;, D,) > 1 and, consequently, A, < 1, and also
O _1x(ch) <o,

when ¢(t,, D) <1 and, consequently, A, > 1.

Hence, the threshold SIF of the pipe’s inner sur-
face material after long-term operation under the in-
fluence of corrosion and erosion processes depends on:
- level of conventional (o), tangential (t,) stresses and
corrosion environment effect (D, D,);

- critical size of microcracks (/.);

- pipe material strength under the specified influences
(O_1x(emy> Tp Mys Vo)

- interaction of damages caused by mechanical fatigue
and friction (A,,).

Apparently, the size of microcracks /. in the ex-
pression (la) for the pipe material should be different
from that one in the air and due to the influence of cor-
rosion-erosion processes.

Thus, the threshold SIF for the material of the pipe
in which the liquid corrosive medium moves:
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Kmaxth(ch) = Qkieny K> (1b)
the function of the influence of
— the threshold

where @y
corrosion-erosion processes; K, ...
SIF of pipe material in air.

Similarly, for the constants C and m of the Paris
equation describing the middle section of the fatigue
fracture kinetic diagram, there can be written:

C(ch) = Qc(eny C, (6)
Micny = Py~ M> (7)

where @qy> Ouen are the influence functions of
the corrosion-erosion processes; C and m are the con-
stants of the fatigue fracture kinetic diagram of the pipe
material in the air.

Experimental estimation of parameters. Since
the calculated estimation of the values of the functions
Pxieny> Pcienys Pmieny OF the influence of corrosion-erosion
processes is currently difficult, we can propose a me-
thod for their experimental determination.

Figure 2 shows a scheme for testing a compact
specimen of the studied structural material for crack
resistance in liquid media. Sample 1 is fixed by means
of devices 2 in the grips 3 of the testing machine in-
side the test chamber 4 and loaded with the force P.
The crack growth is recorded by the crack opening sen-
sor 5 installed on the specimen (in a sealed version).
Chamber 4 is filled with a working liquid (corrosive)
medium; in this case, devices can be installed to con-
trol and maintain the required pH value.

The process of loading and processing of experimen-
tal data is carried out in accordance with [ 1, 3]. To conduct
special studies of the erosion factors effect on the crack
resistance parameters of the pipe material it is easy to
provide additional forced circulation of the working li-
quid (corrosive) medium at a given rate v, through the test
chamber near the fatigue crack front in the specimen.

It should be noted that carrying out laboratory tests
according to the scheme shown in the Figure 2 is rea-
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Figure 2 — Scheme of testing structural materials for crack
resistance in liquid media: 1| — specimen; 2 — device for fixing
the specimen; 3 — grips of the testing machine; 4 — test chamber;
5 — crack opening sensor

sonable for the pipe material under cyclic loading at
low crack growth rates (1-10-'°...1-10-® m/cycle) when
the influence of corrosive medium is especially high.
Conclusion. Thus, the peculiarities of the proposed
model are considered for predicting the crack resis-
tance characteristics of the pipe steel material taking
into account the influence of corrosion-erosion pro-
cesses during long-term operation with estimation
of one of the most important characteristics of cyclic
crack resistance, threshold SIF. Using the test scheme
presented in the Figure 2, it is proposed to empirical-
ly determine the values of cyclic crack resistance cha-
racteristics, in particular, K, > Con» M fOr pipe
material in a given corrosive environment. If the values
of the corresponding characteristics (K, ,.,, C and m)
in the air are previously experimentally established,
then it is easy to find the values @y, Pcins Poieny OF
the influence functions of corrosion-erosion processes
(see expressions (5)—(7)). In addition, tests in the
aggressive environment make it possible to improve
the accuracy of the established values of characteristics,
especially in the near-threshold crack growth areas.
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O METOAMUKE 3KCNEPUMEHTAJIbHON OLLEHKM MAPAMETPOB
MOAEJIN ANd NPOrHO3UPOBAHUA XAPAKTEPUCTUK
TPELLMHOCTONKOCTU MATEPUAJIA TPYB C YYETOM BJINAHUSA
KOPPO3NOHHO-3PO3UOHHbIX MPOLLECCOB

1.

B cmamve paccmompenvt ocobennocmu modeau 045 nPoSHOZUPOBAHUS XAPAKMEPUCMUK MPEUUHOCMOUKOCMU
mamepuanra mpyé ¢ yuemom 6AUSHUS KOPPOUOHHO-3PO3UOHHBIX NPOUECCO8 NpU OAUMENbHOU IKCHAYamayuu
C OUEHKOIl 00HOU U3 GAMNCHEUUWUX XAPAKMEPUCIUK YUKAUYECKOU MPeuuHOCMOUKOCMU — HOP0208020 KO-
Quyuenma unmencusHocmu HanpsadceHuil. Jlano memoouueckoe onucanue IKCRePUMEHMANbHO20 ONPedeNeHUs
3HA4EHUI XAPaAKMepUCmuK YuKAUYeCKolu mpeuuHocmoliKxocmu (nopo2ogoeo Kodghguyuenma uHmeHcusHOCMU
Hanpsicenuil, napamempos ypasrenus Iapuca Kunemuueckoi duazpammol yCmaioCmHo20 pa3pyulenus) mame-
puana mpy6 npu HenocpeoCmeeHHOM KOPPO3UOHHO-3PO3UOHHOM 8030eliCmMBUU JICUOKOU cpedbl Ha (PPoHm ycma-

JNOCMHOU MPewjuHbl 8 1a00PaAMopHOM KOMIAKMHOM 00pasuye.

Karoueevie caoea: mpewurnocmoiikocms,

Jcugyvecms,

mpyoonpogoo, KodgduyueHm UHMEHCUBHOCMU

HanpsjceHuil, Ymsaicka, Koppo3uOHHO-3PO3UOHHbIE NPOUECCyl
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