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Summary. Investigation of geodynamic processes influence on the safe operation of buried pipeline
systems has been carried out. Possibility to obtain the information about the geodynamic zone, that is crossed by
an broaching engineering structure is analyzed. Possibilities to study the geodynamic block boundaries effect on
the operating of buried engineering structures are estimated. To predict the risk influence on geodynamic zone of
broaching engineering structures position the complex method of calculation based on the use of methods for
determining the geodynamic risk and new methods of information processing basing on the artificial neural
networks, has been proposed.
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Statement of the problem. The damage of the available broaching engineering
structures can be more likely possible in the zones of high intensity geodynamic activity. The
greatest intensity is in the case, when the main part of the structure is located in different blocks
of the large tracks of forest, that is, when it crosses the geodynamic zone (GDZ) or is
immediately within it. For the broaching engineering structures (pipelines, tunnels, highways
and main lines, channels, electro — transmission lines, coal pits, etc.) the most accident risk
areas are those crossed by the geodynamic zones. Breaking of strength, integrity and the
engineering structures damage mostly are caused by the geodynamic factors. Flooding and
marshing of territories, pollution of the surface reservoirs and water drains, as well as
underground water have resulted from the geodynamic zones. The pipelines are the most
injured, when the soil becomes deformed. That is why they must be of special attention being
in operation under such conditions [1]. Because of this to reveal the geodeformation destruction
while pipeline systems operating is the scientific problem of great importance, both theoretical
and practical.

Analysis of the available results of investigation. Safe operation of the main pipeline
transport has experienced different types of anomalous deformations of the earth crust effect
lately. For example, it is of the direct action, when the displacements are the principle risk factor
of the electric systems and municipal transport. The extend and the degree of the influence
factor of highly-sufficient deformation on the oil and gas constructions have been revealed.
Seal failour and the pipelines fracture (rupture) appeared to be in the zones, where current
highly-intensive deformations are revealed from time to time. According to the engineering —
geological control data the karst-suffosion processes and highly-intensive deformations are
interrelated, which resulted in the pipelines fracture many times [2].

Of special attention is the problem of main pipelines operation and geodynamic effects
relation. According to the available statistics about 80% of all accidents at these engineering
structures are associated with some definite places — the areas, which are crossed by the
geodynamic zones. Besides, such accidents are mostly repeated at the same areas, the twice
recurrence 75 — 80%, thrice and more repeated — 95% [2, 3].
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The mentioned above can be treated as the risk factors not only for the pipelines. They
break integrity and destruct the linear-broaching engineering constructions, such as railways,
dams, etc. Such geodeformations are dangerous for the great-span constructions, exhibition
halls, pavilions, etc.

Thus, the problem of estimation the damage risk for the broaching engineering
constructions resulted from the highly-intensive geodeformations is of special importance.

Having analysed the available papers the importance of the problem is confirmed by the
comparative analysis of the seismic and geodynamic risks of non-seismic territories.

It was determined, that the annual losses caused by the geodynamic phenomena, is the
result of the rapid displacements of the earth surface, which is much greater than that caused
by the seismic phenomena [2, 4].

Nowadays the efficient methods and technical means for the effective trassing of the
geodynamic zones and estimation of the geodynamic effect degree are not available [5, 8]. The
carried out analysis and investigations testify, that the problem in question can be successfully
solved by the consolidation of the electromagnetic geophysical methods and the solutions in
the field of the engineering diagnostics of the pipeline systems [9, 11].

The Objective of the work is to carry out estimation of the geodynamic processes effect
on the stability and safe operation of the pipeline systems and to develop the method of
prediction of the geodynamic risk in the zone of the broaching engineering structures.

Statement of the task. Having carried out sufficient experimental investigations of the
earth crust motions at the various purpose geodynamic proving grounds, the intensive local
anomalies of vertical and horizontal motions have been revealed, originated from the different
type and nature fracture zones. These anomalous motions are high — amplitude (up 50 — 70
mm/years), short-term (0,1 — 1 year), space-located (0,1 — 1 km) or those of the pulsing nature
with the sign-variable direction.

Application of the differencial GPS-technologies in the periodic (discret) and
continuous monitoring of the displacement and deformations made possible to identify new
class of the geodynamic motions in the fracture zones with the period of 30 — 60 sec, 40 — 60 sec
and confirmed the motion with one year or more period. All of them as well as their
conventional component are of the pulsing nature and the sign — variable direction. Having
analysed the cyclic sign-variable and conventional motions, it can be concluded, that the main
characteristic of the geological environment, in the fracture zones in particular, is that it is in
the continuous motion. The places, where the geodynamic motions are revealed, are of the
active techtonic structures (fractures) or those closely connected with them rocks and areas of
the earth surface. Great displacement amplitudes have been found experimentally in these
zones. For example, the natural pillar located above the tactonic breaking is characterised by
the sufficient fracture. Being in the broken cracked state it can be easily damaged. That is, the
engineering structures, foundations of which are grounded, will sink. At the same time the
broaching engineering structures (railway embankments, pipelines) crossing the zones of
tactonic fractures will cave in and sag [12, 13].

If the amplitude of the sign-variable deformations exceeds the values of ultimate
deformation of the structural elements of the construction, the breaking will be revealed, which
will result in the accident consequences. If the degree of deformation is below the permissible
ones, the accident consequencies depend on the fatigue effects. According to the frequencies of
the found short-term geodynamic oscillations, those of about one minute and one hour
oscillation periods are the most dangerous and create 500000 and 9000 loading cycles
correspondingly annually. The fracture time under cyclic loadings depends on the amplitude of
the variable values deformations. The cyclic loading contributes to the corrosion in dozens and
hundreds times at the different purpose pipelines. In Fig. 1 the example of the tectonic thrusting
scheme presenting deformation zones of the pipelines is presented.
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Figure 1. Tectonic scheme of thrusting with placed zones of pipelines deformation:
1 — pipeline; 2 — deformation zone; 3 — watercourses, ravines; 4 — thrusting

The portion of the accidents recurrence at the same areas of the pipelines is high
enough — the twice recurrence of accidents at the same local area is 75 — 80%, the thrice and
more repeated being up to 95%. The repeated accidents and pipeline fractures are caused by the
factors, which contribute to the decrease of the technological fatigue properties of the pipe steel
and reinforced concret constructions. According to the results of the main pipelines inner-pipe
investigations it was found, that about 70% of all defects are those of the ,,metal fracture®,
which includes cracks, cavities, corrosion, etc. It is worth mentioning, that at the pipelines made
of more plastic materials, the cracks occur only after 25 years of operation. At the same time
the pipelines made of high strength materials the crack are revealed after 3 — 4 years of operation
[14 — 16]. Thus, it can be assumed, that most accidents at the main pipelines are caused by the
displacement of the earth surface released on the boundaries of the tactonic blocks of different
hierarchy levels.

In Fig. 2 the scheme of the pipeline deformation at the fractured zones is presented.
When the blocks move along the fracture surface the cylinder-shape pipeline changes into the
ellipse-shape under pressing. The examples of the pipeline metal deformation under the
mentioned geodynamic factors are presented in Fig. 3.

According to the carried out field investigations it was found, that most corrosion areas
of the pipelines are located in the fracture zones. Besides, using the device investigation it was
determined, that the outside corrosion occurs, when the plastic protective coating is damaged.
In its turn, in most cases the strong plastic film coating is damaged during the rock blocks
motion (broken bricks and granite or other rocks) on the fractures [14, 16].

In Fig. 4 the effect of the moving geological blocks upward the pipelines systems
protective coatings is presented. Fig. 5 demonstrates the disadvantageous effects of such
motions on the pipeline protective coatings state, which result in the sufficient damages.

All mentioned above testifies the need of continuous monitoring of the geodynamic
processes, which occur in the earth crust. Special method and the system of the risks control for
the safe operation of the buried pipeline networks being under geodynamic effects must be
developed.

Figure 2. Deformation pipeline scheme at the fractured zone:
1 — pipeline; 2 — fracture; 3 — upward motion of the crustal block
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Figure 3. Examples of pipeline walls deformation
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Figure 4. Zones of pipeline coating damages due to geological blocks upward motion on:
1 — coating; 2 — pipeline; 3 — fracture; 4 — protective coating

Figure 5. Examples of pipeline coating damages
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The results of investigations. To describe the hazard of the geological processes and
phenomena reveal different methods of the risks estimation have been developed and are
applied nowadays [17 — 19]. All these methods are developed basing on the geological
investigations of rocks characteristics, practical experience and are specified by the calculations
of some certain accidents.

The most known is the approach, which is based on the results of the geodynamic
entrails division into types. In the papers on the geodynamic entrails division it is shown, that
the earth crust can be treated as the hierarchy system of interrelated blocks, the boundaries of
which are the zones of high geodynamic risk for different engineering structures. In the paper
[22] the estimation of the geodynamic risk is based on the variation of the earth surface
deformation degree in the engineering construction areas and deals with calculation of certain
accidents. In fact, boundaries of the geodynamic active blocks are multiple and it is impossible
to predict where at their crossing with the engineering structures the accident can occur.
Besides, in the mountain area covered with the broaching engineering structures it is very
difficult to identify the block boundaries, which is caused by the difficult area relief.

The method of investigation of the block boundaries effect on the conditions of the
buried engineering operation can be presented as the block-scheme (Fig. 6).

Geodynamically hazardous zones are considered to be the boundaries of the
geodynamically active blocks of the earth crust and the places of their crossing. According to
the [23] the geodynamically active blockes and their boundaries are devided into the ranks. The
boundaries of every rank have their own affecting area, which icreases with the rank growth. It
is considered, that when the engineering structure gets into the area of the geodynamically
active block boundaries effect the construction is under geodynamic risk. In this case any
construction being on the block boundaries is under the hazard and the accident risk is likely to
grow. The map of geodynamic risk of the separate territory is presented in Fig. 7.

In the quantitative assessment of the geodynamic risk, which arises caused by the
geodynamic hazardous zone, the risk is treated as that, which can likely result in some losses.

e
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1 — investigation and analysis of the geodynamic condition on the territory; 2 — investigation and analysis of the
characteristics of buried engineering facilities and factors affecting on their accident risk; 3 — investigation of
the block structure characteristics; 4 — investigation of the spatial distribution of accidents; 5 — investigation of
the spatial distribution of engineering objects; 6 — analysis of the dependences between the position of
engineering facilities, accidents and the boundaries of geodynamic blocks; 7 — impact assessment of block
boundaries on buried engineering facilities operating conditions; 8 — reliability estimation of received results

Figure 6. Methodology of investigation the block boundaries influence
on buried engineering facilities operating conditions
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Figure 7. Map of geodynamic hazard of certain area

As it was mentioned above there are some available methods for determining the
accident losses, but they are very difficult to be used for the estimation of the geodynamic risk
in the zone of the broaching engineering constructions, because they are based on the
calculation of certain accidents. As the processes, which are revealed on the block boundaries,
are not investigated enough, it is wrong to treat every broaching engineering structure on these
boundaries as the sophisticated accident.

Due to the mentioned above the development of new method of the losses estimation
(geodynamic risk) is up-to-time and it would be less dependable on the fact, if the structure is
in the hazard or safe block boundary. It should be based on the results of measuring the real
values of the geodynamic activity in the area, that is, only losses resulted from the active or
hazardous zones must be taken into account.

Generally speaking, the estimation of the geodynamic risk is a special type of the design
— research activity contributed to the population safety as well as different facilities and
environment within the territories subjected to the hazardous geological and engineering-
geological process by providing the preventive engineering-technological and other measures
to decrease the disadvantageous consequences and to prevent the natural accidents, caused by
the processes.

While estimating the geodynamic risk it is worth taking into account all possible cases
of activisation of the available and new geological hazards under the natural and industrial
disaster factors, as well as their disadvantageous consequences within the facilities being
estimated and the nearby territories.

Prediction of the geodynamic hazards development estimation of effects and risk losses
caused by these hazards, as well as the verification of the final estimation of the risk must be
based on the analyses of all available information and data on the cases of their arise and
disadvantageous consiquences similar in nature.

The results of the estimation of the geodynamic risk must specify numerically all
possible physical, economic and social losses during the given time, which arise, when the
estimated broaching engineering constructions are affected by some geological hazards
(differentiated risk) and the whole complex of these hazards (integral risk) under different
methods of taking measures to prevent natural accidents.

Not less than two options of the predictable natural emergency procedures development
are recommended to be analysed with the most possible maximum losses (risks).

The main results of the geodynamic risk estimation are proposed to be presented as
corresponding risk maps (Fig. 7), which are compiled in the same or smaller scale than the maps
schemes of the main design documentation for the construction of engineering facilities and the
tables of geodynamic risk, which specify all initial data used for its estimation, as well as
intermediate and final results of estimation of all procedures of the natural emergency situations
and the options of their prediction.
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The maps and tables must be provided by the specifications containing the characteristic
of the initial data, short description of the method of prediction of the geodynamic hazards and
risks as well as critical analysis of all assumptions and available uncertainties in the final
estimation of possible losses.

Available map of the geodynamic risk makes possible to make decisions to control this
risk taking advantage of the protective engineering measures.

Recommendations as to the choice of the protective engineering measures for the raising
of ecological safety of the available and constructed buried broaching engineering facilities are
based on the information on the dependence of the geodynamical hazardous zone on the level
of the geodynamic risk.

Taking into account the principles of the decision making on the risks control (principle
of normalizing-principle of acceptable risk, interpreting — ,,advantages disadvantages* (the
losses must not exceed the expenditures for the preventive measures and optimization of the
optimal expedient resources application) for the buried broaching pipeline systems, the
following preventive measures can be proposed.

Table 1

Recommendation as to the choice of the preventive engineering measures under known
and unknown location of the geodynamic hazard zone

Location of the geodynamic zone is known Location of the geodynamic zone is not

known

PREVENTIVE MEASURES

1. Improvement of the structure reliability of
the pipelines in the places, where they are
crossed by the geodynamic hazardous zone

1. Improvement of the structure reliability of
pipelines in the zones, where the dangerous
situations are likely to arise.

(choice of the pipes material, their laying in
special boxes, connection of joints by the
flexible clutch, if it is possible, etc.).
2.Passing round the geodynamical
hazardous zone or the pipe laying with the
minimum crossings with the geodynamic
hazardous zone.

2.The change of the pipeline laying
trajectory around the zones, where the
dangerous situations are likely to arise.

Taking into account the mentioned above the prediction of the geodynamic hazard
degree in the zone of the engineering structures broaching is worth being carried out taking into
account the geodynamic risk in the area, which will make possible to decrease the human factor
effect, and the level of risk will make possible to plan properly the procedure of repairing and
recovering.

Geodynamic risk is closely connected with the industrial facility (pipelines in
particular), geological conditions of the pipeline laying, its technical condition and is the
numerical characteristic of the geodynamic hazard and is treated as the group of the risk factors
natural by origin.

One of the factors of the geodynamic risk degree growth is the broaching engineering
structures on the boundaries of the geodynamic active blocks, which contributes to increase of
the accidents.

When the broaching engineering structures cross the geodynamic zone, the geodynamic
risk can be estimated according to the formula [24]:

R=P.V; 1)
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where P — probability of the disadvantageous geodynamic event; V — affecting of the
engineering structure, when the disadvantageous geodynamic event occurs, is found according
to the formula:

V =U/S; )

where U — losses caused by the disadvantageous geodynamic event; S — total cost of the
engineering construction.

Block scheme of the proposed methodology for the risk determination (Fig. 8).

The estimation of U losses, which are caused by the location of the engineering
structure in the geodynamic zone, is performed according to the formula:

U:pl'UC'Il; (3)

where p, — specific density of accidents caused by the geodynamic hazardous zones; U . —
average value of losses of one accident under the investigation; 1, — the length of the

engineering structure area, which crosses geodynamic hazardous zone.
Specific density of accidents is found from the expression:

Py =P~ Py (4)
where
p=N/L; 5)

where N — general number of accidents arose in the geodynamic hazardous zones; L, — total
length of the pipeline areas crossed by the geodynamic hazardous zones.

1 — investigation and analysis of the geodynamic condition; 2 — investigation and analysis of the characteristics
of buried engineering facilities and factors affecting their accident risk; 3 — construction of an analytical model
for determining the probability of negative geodynamic event occurrence; 4 — determination of the specific
density of accidents; 5 — damage assessment from 1 accident; 6 — determination of the probability of dangerous
geodynamic event occurrence; 7 — assessment of geodynamical damage; 8 — assessment of geodynamic risk

Figure 8. Block scheme of the methodology for geodynamic risk determination

Specific density of the accidents p,, which occur outside the geodynamic hazardous
zones, is found due to the expression:

Po=Ny/Ly; (6)
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where N, — general number of accidents occured outside the geodynamic hazardous zones;
L, — general length of the pipeline without taking into account |,.
The amount of average losses U . caused by the i- accident at the broaching engineering

structures and ecological component of these losses can be estimated according to the available
methods of estimation the losses caused by the accidents at the engineering structures.

To build the map of the geodynamic risks the length of the engineering structure part
crossed by the geodynamical dangerous zone is assumed to be equal 1 m.

According to the available methods the identification of the probability of the dangerous
situation arising with the purpose to find the broaching engineering constructions within the
geohazardous boundaries the Buffon task solution is used:

PGEOZZn:( oo + oL j; (7

izt Hi + Ngeo ”(Hi"_hGEOi)

where n — number of the block boundary systems on the calculation model; hg,; — width of
the i — system block boundary; H, — distance between the parallelly oriented boundaries of the

I —system blocks; L — length of the buried engineering construction or its part.

On the contrary to the conventional approach identification of the probability of the
disadvantageous geodynamic event P is proposed to be carried out using the data obtained
from the stationary monitoring system together with the application of artificial neural
networks, because the determination of the possibility is very complex labour-consuming and
multiple task, especialy in the area, where geodynamic hazardous zones have not been studied
earlier. In our case the output of the neural network will be in the range 0...1, with the 0,01
pitch.

Conclusions. Having taken into account the mentioned above, we can conclude, that
the method in question for finding the geodynamic risk and the system of continuous monitoring
will make possible to solve the problems, which deal with:

— application of the systematic approach to the control of the industrial safety of the
broaching engineering structures;

— taking advantage of the latest efficient methods to control the industrial safety of the
broaching engineering structures, which are based on the real estimation of safety conditions
which do not depend on the skills and deligence of the workers;

— introducing of criteria of the quantitive and qualitative estimation of the industrial safety
of the broaching engineering networks, of the permittable and real accident risks;

— monitoring of the industrial safely state in real time, analysing the real accident risks
due to the variable data, revealing of the broaching engineering structure accident risks in the
proper time, effective planning and control of the taken measures directed on the decreasing of
the accident risks to the permittable degrees taking into account available financial, material
and human resources;

— communicating support of the complex system of the safety control of the broaching
engineering networks operation.
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PO3POBJIEHHS METOJUKHN BU3SHAYEHHSA TEQJIUHAMIYHOT O
PU3UKY B MICLISIX POJISITAHHSA MPOTSKHAX THKEHEPHUX
CIOPY ]I

Anapiit Asopcbkuii; Bitaaii Hux; JIrooomup Iobdepexunii;
Muxoaa I'punimax

leano-Ppankiecokuil HAYIOHAILHUL MEXHIYHUL YHIGepcumem Hagmu i 2asy,
leano-Dpanxiecvk, Ykpaina

Pestome. [Ipogedero docniddicenns @naugy 2e0OUHAMIYHUX Npoyecie Ha Oesneuny poOomy niO3eMHUX
mpy6onpogionux cucmem. [Ipoananizosano moxciugicms ompumManHs iHgopmayii npo 2e00UHAMIYHY 30HY, WO
nepemuHacmsCs NPOMANCHOIO IHHCEHEPHOI0 KoHcmpyKyieto. OYiHeHO MOHCIUBOCMI OJisl BUBUEHHS BNIUBY SPAHUYI
2e00UHAMIYHUX ONIOKI8 HA eKCHIYamayilo NiO3eMHUX iHM#CeHepHUx cnopyo. /s npoeHo3V8aHHA PUSUKY 6NIUBY
2€00UHAMIYHOI 30HU HA NOJIONCEHHA NPOMANCHUX IHICEHEPHUX CHOpPYO 3aNnpONnoOHOBAHO BUKOPUCTNAU
KOMNJIEKCHULL MemOO PO3PAXYHKY, AKUU OA3YEMbCA HA GUKOPUCMANHI MEmOOi8 BUSHAYEHHS 2e00UHAMIYHO20
PUBUKY, @ MAKOIC HOBUX MEMOOAX ONPAYIo8anist inghopmayii Ha OCHOGI WMYYHUX HEeUPOHHUX MeEPEiC.

Kniouosi cnosa: mpy6onpogio, memoouxa, 2e00UHaAMIYHA 30HA, 2€00UHAMIYHUL PUSUK, 2€0N02IYHUL
OJI0K, NOWIKOOIHCEHH S, A8APIUHICb.
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