


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































9.6. PE3IOME
Bukonane oOTpyHTYBaHHS CXEM PEMOHTHUX pOOIT AiJISTHOK

Ha(QTONPOBOY J03BOJISIE 3pOOUTH TaKi BUCHOBKH:

1.

PeanpbHO MOXIWBHK 1 pallioHANBHUN WiAXig 70 TUIAHYBaHHS
PEMOHTIB JIHIMHUX YaCTHH HA(TOMPOBOJY MOJSATAE B JOBEJCHHI
PIBHS HAIIHOCTI JUISSHKH JIO TIEBHOI JIONYCTUMOI BEJIMYMHH, KA
MOJKe 3a0e3MeunTr Oe3aBapiiiHy eKCIUTyaTailito HahTOMPOBOTY.

. 3 ypaxyBanusim sumor JIbH B.1.2-14-2009, B sikocTi JOITyCTHMOTO

PiBHS HAIHHOCTI PEKOMEHIY€ETHCS TaKHid, IPH SIKOMY IMOBIPHICTh
Bi/IMOBH BIJIDEMOHTOBAHO1 JIJITHKA TEPEBUIYE 1MOBIPHICTb
BIIMOBH Ti€l camoi AUISHKH 0€3 KOPO3IMHHUX TMOIIKOMKCHb HE
OinmbIe, Hixk y 10 pa3is.

. 3aMeXHo BiJ TNTMOMHHM KOPO3IMHHUX TMOIIKO/KEHBb Ta XapakTepy ix

PO3MOIiTy MO JIOBXKWHI JIJISTHKH, JUIsS 3a0€3MeUeHHs JOCTaTHhOTO
piBHS HaAiHHOCTI HE0OXiHO 3amiHioBaTH Bix 3% 10 73% cexiiid.
BigcoTok cekIrii, ski miyisraroTh 3aMiHi, 3pocTae Ipu 301IbIICHH]
KUIBKOCTI Ta TJIMOMHM KOPO3IMHMX TOIIKO/KEHb, & TAKOX IpH
3MEHIIICHHI KUIBKOCTI BiZIPi3KiB PEMOHTY Ha JiJISHIII.

. Cnpoba myaHyBaHHS PEMOHTY MpPH BiJHOIIEHHI 1MOBIPHOCTEH

BIIMOBH HEIMOIIKO/P)KEHOT Ta BIAPEMOHTOBAHOI MJUIAHKH 1:5
nmokasaja, W0 Ui JOCATHEHHS Takoro piBHS HaAIHHOCTI
HEOOX1THO 3aMIiHIOBAaTH OJIU3BKO MOJIOBUHU CEKIIIH
HadTOIIpOBOTY.

. AHLTepHaTI/IBOIO ITOBHOI 3aMiHH MOIIKOXKCHUX CCKLIifI € TOYKOBUU

PEMOHT, SIKMW TMOJIATaE y TOCTiAOBHOMY IiJICHJIEHHI OKPEeMHUX
KOPO3IHUX TIOMIKO/DKeHh HANOUIBIIOT TIUOWMHU JIO JOCSTHEHHS
3aJlaHOTO TPAHUYHO JOMYCTUMOTO PIBHS HaAiHOCTI 00paHoi
TUISTHKY HaQTOTIPOBOTY.

AmHami3z mokazaB, MO OOCAT 3eMJISTHHX Ta I30JSIIHHUX poOIT mpu

TOYKOBOMY PEMOHTI HAOIMKAETHCS 10 0OCSTY IUX POOIT MPH PEMOHTI
IIJISIXOM 3aMiHM LIUIMX CEKLIH.
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SUMMARY

The introduction and first part are devoted to the relevance of
the topic, formulated the goals and objectives of the researches,
highlighted the scientific novelty of the obtained results, their practical
value. The system of main pipelines of Ukraine is considered and its
division into structural elements is carried out, the considerable period
of many linear parts operation is marked. A critical analysis of the
domestic and foreign authors works was devoted to the study of
strength, reliability and standardization of main pipelines construction
parameters. The analysis showed that accounting for the variability of
loads, influences and materials characteristics of allows to take into
account the mutual influence of these factors on the overall reliability
of such structures. Methods of probabilistic analysis, however, are
rather complex and very limited for main pipelines practical
calculations. Existing results in the area of quantitative reliability
assessment do not cover all stages of the main pipelines life-cycle:
design, construction, operation, overhaul and current repairs. The
distinguished stages of the life cycle of the linear part of the main oil
pipeline, which are reducing and increasing the reliability of the
system, are described. The distinguished stages of the main oil
pipeline linear part life-cycle, which are reducing and increasing the
system reliability, are described. The field observations of the pipeline
section during overhaul repair with partial replacement of pipes are
described. It is noted that the creation during the overhaul repair of a
specific and not typical structure stress state that changes the
reliability of the main pipeline. In order to assess the actual level of
reliability, it is necessary to make a calculation that differs
significantly from the design as a set of output parameters, as well as
the statistical parameters values of the calculation scheme.

The development of calculating methods for internal stresses in
the pipeline is carried out. Internal loads arise from loads and
influences of the environment at different life-cycle stages. A
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comparative analysis of the pipelines parameters, calculated according
to the norms of different countries, has shown a significant influence
of the strength reserves standardization on the reliability of the
adopted system. A static calculation variant of the pipeline structure
during its overhaul repair showed that the value of the stresses reaches
up to 80% of the steel yield limit.

The analysis of the results of the step-by-step modeling of the
system “base — pipeline linear part” in the loess collapsible soils
suggests that, when loading only from the soil’s own weight, the
linear soil model and the model with the Mor-Coulomb strength
parameter give the same precipitation, regardless of the natural or
water-saturated state and soil characteristics. The numerical solution
of the beam on an elastic base analytic equation by the Runge-Kutta
method has a specific area of usage. Its application for the description
of the pipeline in the karst sinkhole gives a relative error of up to 10%
in the safety margin as compared to the data for the maximum values
of stresses and deformations. The proposed modeling approach by the
finite element method qualitatively reflects the cause-effect
relationship between the deformation of the soil and, consequently,
the stresses in the pipeline. The calculation scheme allows to correctly
taking into account the partial manifestation of collapsible
phenomena, when the soaked zone width is less than its height.

Second part is devoted to the statistical analysis of experimental
data on the temperature drop and pressure variations in the existing
main pipeline. According to the results of the calculations, it was
shown that for the simulation of the pressure values spread in the
system at the stationary operational mode, as well as for the
simulation of the temperature drop values spread on the surface of the
pipe, it is possible to use the normal distribution law. The calculated
coefficient of variation for pressure was 6.9%, and for the temperature
difference — 33%. Probabilistic techniques for estimating the modulus
of deformation of loess collapsible bases were applied in the water-
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saturated state. The obtained results confirmed the log-normal
distribution of the soil deformation module. The recommendations for
the use of a fairly simple correlation dependence are given to
determine the change in values of the soil deformation module along
the length of the pipeline. The analytical methods of reliability
quantitative assessment of the steel main pipeline structure linear part
is developed. Based on the developed model, the values of the safety
characteristics and the probability of failure are calculated. The
dependence of the structure reliability level on the pressure and the
pipeline diameter during the change of internal pressure in the system
is analyzed.

Based on the corrosion model of the pipe wall, taking into
account insulation wear, the possibility of applying the developed
methodology for assessing the structure reliability at the stage of its
normal operation is shown. In addition, the periodicity analytical
substantiation algorithm of current repairs with pipes isolation
replacement carrying out is shown.

The correlation of the soil heterogeneity function spectral
densities and the curvature of the pipeline axis is revealed. The given
examples of calculation show the realization possibility of reliability
estimation calculations by the design engineers in the design at the
main pipelines linear part design stage. The method of probabilistic
calculation of the pipeline linear section during its overhaul repair is
developed. A quantitative analysis of the main pipeline structure
reliability at this particular stage of its life-cycle is carried out.

Third part is devoted to the study of the corrosion damage
effects on the main pipelines reliability. The most common and
dangerous operational damages to the main oil pipelines linear parts is
the corrosion of the pipe walls, which has the character of ulcers with
random depth and length, as well as stochastic placement along the
pipeline length. The length of corrosion damages along the pipe cavity
can be given in the form of a random variable with a logarithmically
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normal distribution law independent of the corrosion depth random
value. A priority probabilistic model is the sequence of maximum
values of the corrosion depth, which provides a probabilistic
description of corrosion damages, which is sufficiently accurate for
reliability evaluation.

The working formulas for determining the numerical
characteristics of the strength reserve are obtained. These formulas
allow us to evaluate the reliability indices of the pipeline individual
sections, taking into account the actual deterministic or stochastic
value of corrosion damages. The probability of failureless operation of
the pipeline sections, consisting of several dozen sections (individual
factory pipes), is estimated on the basis of the generalized covariation
A. Kudzis method, taking into account the mutual dependence of the
individual sections failures, due to the values of internal pressure and
temperature drop uniform for the entire pipeline section. An attempt to
plan repairs in relation to the failure probability of the undamaged and
repaired section 1:5 showed that to achieve this level of reliability, it
is necessary to replace about half of the oil pipeline sections. The
analysis showed that the volume of earthwork and insulation works
during point repairs is close to the volume of these works during
repairs with the entire sections replacing.
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