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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DEVELOPMENT OF A REHABILITATION METHOD
FOR SEVER TUNNELS AT THE JUNCTIONS
TO INSPECTION SHAFTS

Abstract. In the context of the underfunding of the sewer system sector and high depreciation of the
distribution system for wastewater disposal, operating companies conduct their business at the limit of their technical
and economic capabilities. The complexity of the operation of sewer tunnels resides in their non-repairability.
Therefore, a promising area of research is to extend their durability through the development of alternative repair
technologies from an economic point of view, which will ensure their smooth operation under conditions of limited
funding. The findings of the research on the causes of failures in operation of sewer tunnels are presented. Using the
expert evaluation method, it is found that the main cause of emergency situations is damage to the arched section of
tunnels at their junctions to inspection shafts. A new method was developed for rehabilitating sewer tunnels in places
where they adjoin inspection shafts using reinforced concrete rings with corrosion-resistant coating. A numerical
simulation of the stress-strain state of the tunnel’s reinforcement structure was performed. The expediency of the
proposed method for rehabilitating sewer tunnels at their junctions to inspections shafts was presented and
substantiated. Through the use of this method, the cost saving of financial resources for materials is tripled in
comparison with other materials.

Key words: sewer tunnel, deterioration, inspection shaft, corrosion, rehabilitation method.

Introduction. As numerous cases of collapsed sewer tunnels have shown, concrete and reinforced
concrete structures do not last for their guaranteed lifetime and frequently fail before their rated service
life (20 to 30 years) [1,2]. In this case, the main cause of the collapses is the susceptibility of their arched
section to the effects of biogenic corrosion. Particular attention, when considering the issue of
rehabilitating the structures of sewer tunnels, requires to be paid to the corrosion of concrete and
reinforced concrete structures, the widespread use of which has resulted in a situation where almost all the
tunnels erected and put into operation since the early 1950s, are currently in disrepair [3].

The development of sewer system operating services under conditions of limited funding for the
industry is aimed at increasing the durability of the distribution system by developing new technologies
for their repair and rehabilitation, which will ensure its smooth operation at optimum cost-performance
ratio. Furthermore, an increase in the amounts of rehabilitation work on sewer tunnels raises the
requirements as regards the environmental safety of construction work during the operation and repair of
distribution networks in the existing urban area conditions. Accordingly, this makes it necessary to use
technical facilities that ensure work is carried out according to the most appropriate methods in terms of
the cost-performance ratio [4,5].

It should be noted that in conditions of limited financial resources, additional attraction of financial
resources due to foreign loans is necessary [6].

The search for rational methods for repairing tunnels is relevant in connection with the reform of
Ukrainian environmental legislation to comply with environmental standards of the European Union [7].

This shows that the area of research on the development of rational methods for rehabilitating sewer
tunnels is relevant.

Literature data analysis and setting of the problem. Comprehensive studies on operating
reliability and trouble-free operation of wastewater pipelines of various diameters clearly show that
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currently, preference is given to using trenchless technologies that are more cost-effective than traditional
ones (open-cut involving excavation). The results of many years research on the cause-and-effect
relationship of emergency situations in the pipelines of the water and sewage utilities are consolidated in
the work [8], with particular attention paid to the impact of the technical condition of the system on the
quality of provided services. The issue of rehabilitating sewer tunnels from precast reinforced concrete
structures using multi-component building materials is considered in the work [8]. In the work [10],
particular attention is paid to filling the annular space using trenchless technologies. In this case, a
multicomponent mixture is used to reduce friction of surfaces and stabilize soils during the repair of
utilities, in particular when using the Relining technology. Multifactor studies on using polyethylene
pipes, polymer liners in the rehabilitation of pipelines over the course of their further operation are
presented in the work [11]. It should be noted that the above-mentioned works describe quite
comprehensively the issues related to the extension of the service life of utilities systems, while the
lifetime of a sewer tunnel has its own peculiarities of maintaining smooth operation.

The study [12] illustrates in detail the point repair of linear sections of pipelines using Quick-Lock
polymeric mechanical sleeves. Equally important is the environmental aspect of using “closed”
technologies, especially when it is a case of sewer tunnels. The work [13] mentions an improvement in the
environmental component of the use of trenchless technologies.

With the implementation of IT systems, more and more attention is paid to simulating the processes
of repair and operation of pipelines. In order to predict the failure-free operation of utilities systems, an
integrated model for smooth operation failure in distribution networks has been proposed [14]. Based on
statistical data, it is possible to develop regression models that predict the operational and structural
conditions for the functioning of pipelines [15].

In the context of the study of the influence of factors on the trouble-free service life of linear utilities
systems, and the feasibility study of work performance indicators, it should be noted as follows:

— The research work [16] presents the results of a detailed study of the protection of reinforced
concrete wastewater disposal networks against corrosion of different origin;

— The work [17] gives numerical indicators of longitudinal bending in pipelines exposed to lateral
soil movements, which also plays an important role in the performance of construction work.

After reviewing the existing technologies of repair and rehabilitation of sewer networks [18-27], it
may be concluded that the organizational and technological solutions for trenchless repair of large-
diameter sewer networks of are being enhanced on an ongoing basis in order to improve the cost-
performance ratio. In turn, it is relevant to study in detail the issue of the service life of large-diameter
sewer tunnels, and to search for organizational and technological solutions to improve trouble-free
operation.

Purpose and objectives of research. The purpose of this work is to develop and study a new method
for rehabilitating sewer tunnels, which will allow it to be used in places where they adjoin inspection
shafts, and to reduce the duration and energy consumption when carrying out rehabilitation work.

To achieve the purpose in view, the following tasks were defined:

— To investigate the causes of the collapse of sewer tunnels;

— By using expert evaluation to identify technical parameters affecting the trouble-free operation of
large-diameter sewers;

— To develop a method for rehabilitating sewer tunnels in places where they adjoin inspection shafts;

— To obtain technical and economic results of the use of the proposed technology for sewer tunnel
rehabilitation.

Investigation on the causes of failures in smooth operation of sewer tunnels. The investigation of
the service life of sewer tunnels suggests that up to 80-90% of accidents in reinforced concrete pipelines
are due to corrosion processes. As the analysis of emergencies in reinforced concrete sewer tunnels shows,
the most critical areas of the wastewater disposal networks are areas in the vicinity of stilling pools or
inspection shafts. Specifically, in 2018, an emergency failure occurred at the crossover section of the Main
deep-laid sewer tunnel on Grekovskaya street in Kharkiv. The section of the collapse was located in the
immediate vicinity of the stilling pool of wastewater streams (figure 1).
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Figure 1 — Emergency failure of the sewer tunnel on Grekovskaya street (Kharkiv, Ukraine, 2017):
a — design solution of the stilling pool; b - the consequences of the accident;
¢ — design solution of the shaft; d- the consequences of the accident;
1 — sewer incoming into the stilling pool; 2 — arched sewer tunnel; 3 — the area of collapse

The main cause of the local collapse is damage to the reinforced concrete structure of the tunnel arch
as a result of exposure to biogenic corrosion. The wastewater in the stilling pool falls from elevation
95.8 to the elevation of the invert of the drainage sewer tunnel of 83.9 (H=11.9 m). As a result of the
segregation of the flow, sulfuric gas is extensively released, which in subsequent reactions is converted to
sulfuric acid of a high degree of concentration. Without any anticorrosion protection, the concrete lining
of the tunnel, which carries the load from the soil mass, is being deteriorated. Due to the disruption of the
supporting arch structure, the ground rock was carried out into the tunnel body, followed by the collapse
and sinking of the adjacent building. For similar reasons, the sewer tunnel collapsed in the area of the
Kharkiv Tractor Plant in 2015-2016.

Based on the monitoring of the service life of sewer tunnels, the main causes of failures in smooth
operation of distribution networks have been summarized. Each cause is assigned the symbol C1...C8
(table 1).

Table 1 — Causes of failures in smooth operation of sewer tunnels

Item No. Failure cause
Cl1 Deterioration of the tunnel invert by aggressive factors
C2 Systematic increase in wastewater aggressivity
C3 Deterioration of the arched section of the sewer tunnel structure
C4 Technical condition of inspection shafts, stilling pools, chambers
C5 Variations in wastewater volumes
C6 Intensive excavation near the tunnel’s route
C7 Deterioration of the arched section at the junctions to inspection shafts, stilling pools, shafts
C8 Drops in the invert’s elevations according to the longitudinal profile

According to the expert evaluation method, the ranking of the causes of failures in smooth operation
of sewer tunnels was performed [26]. When ranking, an expert in the field of sewer system management
arranges the main causes affecting the trouble-free operation of sewer tunnels in the order that they deem
to be the most rational and assigns ranks to these. In this case, rank No. 1 obtains the highest measure of
significance of impact, while rank No. N has the lowest. Consequently, the ordinal scale obtained as a
result of ranking is to meet the condition where the number of ranks “8” is equal to the number of ranked
causes of failures “n” [26]. Further, a summary table of ranks was compiled for all experts of the group
(table 2).
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Table 2 — Findings of the survey of experts included in the group

Failure cause Expert Sum
1 2 3 4 5 6 7
Cl 2 3 1 3 1 2 3 15
Cc2 6 5 5 5 4 5 5 35
C3 7 8 6 6 7 8 7 49
C4 5 6 8 7 6 6 6 44
C5 1 2 2 1 2 3 4 15
Cé6 4 4 3 2 3 4 2 22
C7 8 7 7 8 8 7 8 53
C8 3 1 4 4 5 1 1 19
Sum 36 36 36 36 36 36 36 -

To determine the consistency of experts, the coefficient of concordance W [26] is used. According to
the findings of the survey of the experts in the field of sewer network operation and calculations of their
consistency, the coefficient of concordance equal to 0.88 was obtained, which indicates a high degree of
consistency of opinions in the selected group of experts.

According to the data based on the expert evaluation findings, it should be noted that among the
above 8 causes of failures in smooth operation of sewer tunnels, the highest impact on the efficiency of the
sewer cleaning method is exerted by causes C7, C3, C4 (the summed rank of these phenomena is
minimal), specifically: deterioration of the arched section at the junctions to inspection shafts, stilling
pools, shafts; deterioration of the arched section of the sewer tunnel structure; technical condition of
inspection shafts, stilling pools, chambers.

Operating experience confirms the fact that about 80% of all collapses of sewer tunnels occur in the
area of inspection shafts and stilling pools, where the concentration of sulfuric acid is exceeded by ten
folds due to segregation of wastewater streams. It follows from the above that the issue of developing
technological solutions for the protection of sewer tunnels in the immediate vicinity of inspection shafts
and stilling pools is relevant.

Development of a rehabilitation method for sewer tunnels at the junctions to inspection shafts.
To deal with the problem of improving the operating reliability of the sewer tunnel section located in the
area of an inspection shaft or a stilling pool, the following technological solutions have been developed to
protect them against biogenic corrosion (figure 2).
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Figure 2 — Rehabilitation of the sewer tunnel at the junctions to inspection shafts:
a — erection process diagram for reinforced concrete rings; b — section 1-1; ¢ — section 2-2;
1 — reinforced concrete ring with corrosion-resistant coating ; 2 — sewer tunnel to be rehabilitated
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According to the results of teleinspection, the selected section of a sewer tunnel is additionally
examined for the nature and degree of susceptibility to biogenic corrosion, with the determination of the
exact length to be rehabilitated. After shutting down the movement of wastewater, the elements of the
tunnel reinforcement lining, made of reinforced concrete ring elements with corrosion-resistant coating are
put by means of winches down into the inspection shaft, previously prepared for rehabilitation work. Next,
the elements of the lining are secured in the design position and by the method of buildup are pressed into
the tunnel body. Jacks are used for pressing in the lining elements. The connection of the rings to each
other occurs by means of couplings or sockets. After completing rehabilitation work, the equipment is
dismantled from the shaft, test operations are carried out and the wastewater is started up.

Findings of research on the rehabilitation method for sewer tunnels at the junctions to
inspection shafts. Preliminary, the thickness of the reinforcement lining is assigned in view of the design
requirements and updated according to the results of the calculation by the finite element method
performed with regard to the proposed technology of the sewer rehabilitation process. As an example,
consider the rehabilitation of a sewer tunnel with a design diameter of 1840 mm, where the following
initial conditions are taken for the calculation:

1. The bearing capacity of the existing reinforced concrete lining is assumed to be secured for the
period of arrangement of the reinforcement structure, with the presence of localized damaged sections
with unsecured strength;

2. The following loading conditions are taken as the design cases for the prefabricated lining of the
reinforcement:

a) External hydrostatic pressure of the concrete mix during the concrete pouring the annular space;

b) External hydrostatic pressure of water filtered in the ground and penetrating through the reinforced
concrete lining structure;

c¢) External local asymmetric pressure on the arch section (the case of an emergency condition of the
sewer lining to be reinforced).

The design model for lining the reinforcement of the tunnel is a fragment of a cylindrical shell with a
design diameter of 1.44 m and a length of 1.0 m, consisting of flat quadrangular finite elements of the
shell measuring 0.1 x 0.1 m. The parameters of the material of the finite elements of the design model are
as follows: thickness — 180 mm; modulus of elasticity E = 1.4-10* MPa; Poisson's ratio v=0.3; ultimate
tensile strength — 170 MPa [3].

The boundary conditions are taken in the form of connections in individual units in the longitudinal
direction (along the axis of the sewer tunnel), and the coefficients of the elastic foundations for the plates,
corresponding to the conditions of the interaction between the reinforcement structure and the nominal
linearly elastic medium.

The results of the numerical simulation of the stress-strain state of the reinforcement structure are
given in figure 3.
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Figure 3 — Bending moments in the prefabricated lining structure of the sewer tunnel reinforcement,
kN-m: a — in MX direction; b — in MY direction; ¢ — in QX direction; d — in QY direction

To evaluate the expediency of using the proposed technology, three options have been considered:
lining the tunnel reinforcement using reinforced concrete rings with corrosion-resistant coating, lining
using SPIRO polyethylene pipes, and lining using fiberglass pipes. The comparison of the indicators in
terms of the cost of material is shown in table 3.
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Table 3 — Cost of technological solutions for rehabilitating a @1840 mm tunnel

Item No. . . .
of the rehabilitation Description of material . Nominal Unit of Cost per unit
diameter [DN] | measurement [UAH]

method

1 Spiro polyethylene pipe 1600 rm 29300.00

2 Fiberglass pipe 1600 m 28400.00

3 Rel'nforced C(?ncrete rings with corrosion- 1440 m 9800.00

resistant coating

*prices are stated per 1 running meter as of November 2018

In conclusion, it should be noted that the application of the method proposed by the authors from the
standpoint of saving material in comparison with analogues is almost three times more cost-effective than
the use of polyethylene or fiberglass pipes.

Conclusions. In the course of the performed research the following results were obtained.

1. Areview was performed of the causes of failures in smooth operation of sewer tunnels;

2. Using the expert evaluation method, it was found that most failures of reinforced concrete sewer
tunnels followed by their collapses occur in the areas of their junction to the inspection shafts and stilling
pools.

3. As a result of the research performed, an economically and technically efficient technology was
developed for rehabilitating sewer tunnels at their junctions to inspection shafts (using lining for
reinforcement made of reinforced concrete elements with corrosion-resistant coating).

4. When comparing rehabilitation options involving various materials, it is noted that the proposed
rehabilitation method is more economically viable than those using polyethylene or fiberglass lining
elements.

J. ®. I'onuapenko, A. U. AneiinukoBa, A. B. YouiiBoBk

XapbKOB YITTHIK KYPBUIBIC )KOHE COYJIET YHUBEPCHUTETI, XapbKOB, YKpanHa

KAJJIBIKTAPMEH KYMBbIC ICTEUTIH KEH OPBIHJAPBIHA KOCBLTY
AJIAHBIHJIA KEIITIPY TYHHEJIBAEPIH KAUTA K¥PY 9JICIH JAMBITY

AHHOTAUMS. AFBIHABI CyJapAbl XETKUIIKCI3 Kap)KbLIAHIBIPY JKOHE CApKbIHIABI CyJIapIsl Tapary >KyHeCiHIH
KOFapbl aMOPTH3ALMsl JKaFJallbIH/a KYMBIC ICTEHTIH KOCINOPBIHIAP ©3/epPiHIH TEeXHUKAIBIK JKOHE 3KOHOMMKAIBIK
MYMKIHJIKTepi 1erinae >kyMbic icreiai. Kopi3 TyHHenblepiH maiinanaHyAblH KUBIHIBIFBI Oipkatap (akropiapra
OalinaHbICTHI OJIAp/bIH KaJblHa KenMeyinne. OaaplblH Herisriiepi: KypbUIbIMIApAbIH KOFapbl TO3YbI; KYOBIPIBIH
MAaHBI3BI TEPCHIITT; aFbIMIAFEl KOH/CY KYMBICTAPBIH JKYPri3yre apHAIFaH TETHYCKAIApIbIH OOJIMayhl, OaKpUIay
OinmikTepi apachlHOarbl KAIBIKTHIK | KM JIEHiH JKeTyl MYMKiH; Kopi3 TyHHENIHJIEri arpecCHBTI ra3 3aTTapbIHBIH
JKOFapbl KOHIIGHTpAIMsChIHA OaiiylaHbICTBI orepaTopiap YLIIH eJliM Kaymi. JleMek, 3epTTeyaiH INepCreKTUBAJIbIK
0aFrbIThl 5KOHOMUKAIIBIK TYPFBIJIAH KANIIbIHA KEATIPY/iH OanamMasbl TEXHOJIOTUsIIAPBIH XKacay apKbUIbl OJIApIbIH Y3aK
eMip CYpYiH apTThIpy OOJIBINT TaOBLIAIbI, Oy MIEKTEYJi KapKbUIAHABIPY JKaFaalbIHAa OJIAPIbIH TYPAKThI dKYMBICHIH
KaMTaMmachl3 eTemi. Makanana KaHaJdu3amus TYHHEIbACPiHIH HaigalaHy CeHIMIUIIrT Typalsl ofeOneTTepre oy
acaiganel. Kopi3 TyHHENbACPIHIH ICTEH IIBIFY CEOCHTEPiH 3ePTTEy HOTHXKEICpl KEeATIPUIreH. AKayJIbIKThIH KeJIeci
ce0enTepi aHBIKTAN/bl: arPECCUBTI IKOJOTHSUIBIK (haKTOPIAPIIBIH SCEPIHEH TYHHENb HAayaChIHBIH TO3Ybl; CAPKBIH/IbI
CyJapIblH arpecCHBTUIINH KYHell TYpAe apTThIPY; KOpi3 TYHHETIH CaIyAblH apKajibl OOiriHIH TO3ybl; Kapay
OUTIKTEPIHIH, COHAIPY KaMepalapblHbIH, MIAXTAIAPIbIH TCXHUKAIBIK JKaFIaibl; CAPKBIHIBI CY KOJCMIHJICTI aibIp-
MalIbUIBIKTAP; TYHHEIb OTKEJIHIH KaHbIH/Ia KapKbIHIBI 1aMy; Kapay OUTiKTepl, a)bIpaTKbII Kamepasiapbl, OLtikTepi
Oap Tyilicnenepaeri Kodma Kuimi; OOMIBIK mnpoduibre colikec HayaHbIH OesriiepiHieri aibIpMallbUIBIKTap.
Capanramainslk Oaranay oiCiH KOJJJaHAa OTBIPHIN, TOTEHINE >KaFmaiiapabliH OacThl ceOeOdi TYHHENbICpHiH OaKbI-
Jmaymel OUTIKTEPMEH TYHICETiH JKepIlepiHIeri 3aKbIMIAIFaHABIFBI OOJBIN TaObuTafbl. Kopi3mik TyHHEIbIEpIi
KOppo3usara Kapchl >KaOBIHBI Oap TeMipOeTOH caKWHANapblH KOJJAAaHA OTHIPHIN, Kapay OUTIKTepiHe KOCHUIATBHIH
JKepJepAe KalIblHA KeNTipydiH jkaHa ofici skacanisl. Bysr arpeccuBTI aFbIHABI CyJapra Te3iMIl, KaiiTa eHIeNnTeH
MOJUMEPITi MaTepUaNJaH >KAacallFaH TYyHHENIb TOCEMiHIH JJIEMEHTTEPiH Ke3eH-Ke3eHMEH OaThIpyFa HETi3ZelNTeH.
ANjpiH ana, TYHHEJbII apMaTypaiay/blH KaJbIHIBIFbl JKOOAIBIK TaJanTaplbl €CKePe OTHIPBIN aHBIKTAJIA/bI JKOHE
KaJIMbIHA KEJTIPY MPOLECIHIH YCHIHBUIFAH TEXHOJIOTHSACBIH €CKEepPE OTBIPBII OPBIHIAIFAH COHFbI 3JIEMEHTTEP.Il
ecernTey HoTIKenepl OOWbIHINIA aHbIKTANAAbl. TYHHENb1 HBIFAUTY KYPBUIBIMBIHBIH KePHEYIIi-1e(hopMaIisIbIK KYHiH
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CaHIBIK MOJENbIACY JKypri3inmi. TyHHENbOl apMaTypasiblkK TOCEMHIH >KOOAJIBIK CXEeMachl MUIMHAPIIK KAOBIKTHIH
(hparmenTi 601 TaObUTaR!. [llekapaibik mapTTap OOMIBIK OarbITTa (KaHAIM3AIUSA TYHHETIHIH 0Ci OOWBIMEH) JKEKe
Ty#HiHaeperi OailylaHbIC TYpiHAE KaObUIAaHAIbI, COHBIMEH KaTap apMaTypa KYPbUIBIMBI MEH KOMIMI1 CBI3BIKTBI-
CepIiMIi OpTa apachIHIAFbl ©3apa JPEKETTECY JKar[aillapblHa COMKEC KEJETiH TaKTaliajapra apHaJIFaH CepriMIi
Heri3 koaddunmentrepi KaObuiaHaabl. bakpuiay OUTiKTepiHE KaKbIH JKepieple KaHaIW3alMsUIbIK TYHHEIbICPi
KaJIblHA KENTipy YIIiH YCHIHBUIFAH OJICTI KOJJAaHY OPBIHIBUIBIFBI YCBIHBUIFAH JKOHE HerizmenreH. OChl MicTi
KOJIJTaHy apKachlHAa KapacTHIPBUIFaH 0acKa HYCKATAPMEH CaIBICTBIPFaHIIa KapiKbl PECYpCTapbIHBIH KYHBIH YHEM-
JIeyTre KOJ RKEeTKi3UIIi.
Tyiiin ce3aep: Kopi3 TyHHEINbI, TO3YHI, TEKCEPY OLIIT1, KOPPO3Hs, KAJTBIHA KENTIPY 9/iCi

. ®. l'onuapenko, A. U. AneiinukoBa, A. B. YouiiBoBk
XapbKOBCKUI HALIMOHAJIbHBIM YHUBEPCUTET CTPOUTEILCTBA U APXUTEKTYPbI, XapbKOB, YKpauHa

PA3PABOTKA METOJIA BOCCTAHOBJIEHUSA KAHAJIN3AIIMOHHBIX
TOHHEJIE B MECTAX IPUMBIKAHUS K CMOTPOBBIM IIAXTAM

AHHoOTanmusl. B yClOBUSX HEZOCTaTOYHOrO (PMHAHCHPOBAHWS OTPACIU KaHAM3AIMOHHOIO XO3SICTBA W
BBICOKOTO aMOPTHU3AIIHOHHOTO U3HOCA PACHIPEACTUTEIBHON CHCTEMBI BOIOOTBEICHUS SKCILTYaTHPYOIIUE TIPEATIPHSI-
THS OCYIIECTBISIOT CBOIO JNIEATENBHOCTh HA TIpeleNie CBOUX TEXHHYECKHX W IKOHOMHUYECKHX BO3MOXKHOCTEH.
CHOXHOCTh AKCIUTyaTallii KaHAIM3aIIMOHHBIX TOHHENEH 3aKII0YaeTCs B WX HEPEMOHTOIPHUTOTHOCTH BBHAY psAla
(hakTopoB. OCHOBHBIMH W3 HHX SIBITIOTCS: BBICOKAs CTEMEHb TEXHHYECKOTO M3HOCA KOHCTPYKIIHI, 3HAUUTEIbHAS
riryOuHa 3aJ0KEeHUSI TPYOOIIPOBOIOB; OTCYTCTBUE TyONHUPYIOMIMX PACTIPEIEIUTENFHBIX JTHHAN TSI OCYIIECTBICHUS
TEKYILEro PEMOHTA; PACCTOSHIE MEXIy CMOTPOBBIMH IIaXTaMH MOXKET JOCTHTATh 0 | KM; CMepTeIbHas OMacHOCTh
JUIS OKCIUTyaTUPYIOMIMX CIEIMaINCTOB H3-32 BBICOKOW KOHIIGHTPAIIMH BEUIECTB arpecCHBHON Ta30BOW CpPEIbI
KaHaJIM3allUOHHOI'O TOHHEJIA. CJ'Ie[lOBaTeJ'leO, MEPCHCKTUBHBIM HaIlpaBJICHUEM I/ICCJ'Ie[lOBaHI/Iﬁ ABJISICTCS ITOBBIIIC-
HUE UX JOJTOBCYHOCTHU IIYTEM pa3pa60T1<1/1 AJIBTCPHATUBHBIX TEXHOJIOT UM PEMOHTA C YKOHOMHUYECKON TOYKHU 3pcHusd,
YTO TIO3BOJIMT OOECIEYUTh MX YCTOHUMBOE (DYHKIHOHMPOBAHUE B YCJOBHUSIX OrpaHHMYCHHOTro (PMHAHCHpOBaHus. B
paboTe BBIIONHEH 0030p JUTEPATYPHBIX MUCTOYHUKOB OTHOCHUTEIIFHO ITOBBIIICHUS 3KCILTYyaTAIIMOHHON HAJCKHOCTU
KaHAIM3AUOHHBIX TOHHeNeH. [IpencraBieHbl pe3ynbTaThl HMCCIICNOBAHUS NPUYMH OTKaza (HyHKIIMOHHPOBAHUS
KaHAIM3AUOHHBIX TOHHEJNCH. Y CTaHOBJICHBI CIICAYIONINE MPUYUHBI 0TKa3a: MU3HOC JIOTKA TOHHENS IOJ JCHCTBUEM
arpeCCUBHBIX (PAKTOPOB Cpelbl SKCILTyaTaIllH;, CHCTEMATHIECKOE YBEIMUCHHE arpeCCUBHOCTH CTOYHBIX BOJI; M3HOC
CBOJIOBOM YaCTH KOHCTPYKIIMHM KaHAIM3AHOHHOTO TOHHENS; TEXHUYECKOE COCTOSHHE CMOTPOBBIX IIAXT, Kamep
TalreHus], MIaxTaM; Iepenansl B 00bEMax CTOYHBIX BOJ; MHTCHCHBHAS BBIPAOOTKa BOIHM3HM TPacChl MPOXOXKACHUS
TOHHEJISI; M3HOC CBOJA B MeCTaX NPUMBIKaHUS K CMOTPOBBIM INaXTaM, KaMepaM TallleHHs, IIaxTaM; Ieperaisl
OTMETOK JIOTKa COTJIACHO MPOAOIBHOTO mpodmis. C HCIIOIB30BaHUEM METOJa AKCHEPTHBIX OICHOK YCTaHOBIIEHO,
YTO OCHOBHOM MPUYMHOW BO3HUKHOBEHHUS aBAPUHHBIX CUTYALIMI SBIISETCS MMOBPEXKICHUE CBOJIOBOM YaCTH TOHHEJEH
B MECTax UX NPUMBIKAHUA K CMOTPOBBIM MIaXTaM. Pa3pa60TaH HOBbIﬁ METOZA BOCCTAHOBJICHHUS KaHaJIU3allMOHHBIX
TOHHEJICH B MECTaX MX MPHUMBIKAHUS K CMOTPOBBIX IIAXT C HCIIOJIb30BAHUEM JKEJIE300€TOHHBIX KOJIEI[ C aHTHKOPPO-
3UAHBIM TOKPBITHEM. OH OCHOBBIBACTCS HA TIOATAITHOM TIOTPYKECHUH DIIEMCHTOB OOJICIIKA TOHHES, BHIMIOJIHCHHOTO
W3 BTOPHYHOI'O TOJIMMEPHOTO MaTepHalla CTOMKOTO K arpecCHBHON KaHAIM3alMOHHOW cpere. [IpemaBapurenbHO
TOJIIIIMHA OOJICIKH YCWJICHUS TOHHENS HA3HAYACTCSl C YYETOM KOHCTPYKTUBHBIX TPEOOBAaHUN W YTOUYHSETCS II0
pe3ynpTaTaM pacueTa METOJOM KOHEYHBIX JJIEMEHTOB, BBHIIIOJIHEHHOTO C yYETOM IPEAIojiaraeMod TEXHOJIOTHUH
mporiecca BOCCTaHOBIEHHUS. [IpoBeeHO YMCICHHOE MOJENHPOBAaHUE HANPSHKCHHO-IE(POPMUPOBAHHOTO COCTOSHUS
KOHCTPYKIIUW YCHJICHHs TyHHels. PacdeTHas cxema OONENKH yCWICHHS TOHHENS IpeACTaBiseT coOoit (parMeHT
MWINHAPUYECKOH 000mouku. ['paHMYHBIE yCIOBUS MPHUHATHL B BHIE CBS3€il B OTHENBHBIX y3JaX B NPOIOIHHOM
HalpaBJIeHUH (BAOJh OCH KaHAIM3AIIMOHHOTO TOHHENS), a Takke KO3(PQUIMEHTOB YIPYroro OCHOBaHUS IS
IUTACTHH, COOTBETCTBYIOUINX YCJOBHSAM B3aUMOJCHCTBUS KOHCTPYKIIMH YCHJICHHS C yCJIOBHOW JIMHEHHO-YIIPYToit
cpenoii. [IpeacraBneHbl 1 000CHOBaHBI 1EIECOOOPA3HOCTh MCIOIB30BAHUS NPEII0KEHHOTO METO/1a BOCCTaHOBJIE-
HUS KaHaJIM3allMOHHBIX TOHHEJIEH B MeCcTax HX MPUMBIKAHUA K CMOTPOBBLIM MIaXTaM. Bnaronapﬂ HUCIIOJIb30BAHUIO
TaKOTO METOJIa TOCTUIAaeTCsl SKOHOMHUS 3aTpaT (PMHAHCOBBIX PECYpCOB, B CPABHCHHHU C JAPYTHMMHU PACCMOTPEHHBIMHU
BapHaHTaMH.

KuaroueBbie cJI0Ba: KaHATH3AIMOHHEIN TOHHEIb, H3HOC, CMOTPOBAS IIaXTa, KOPPO3HSI, METO/I BOCCTAHOBJICHUS.
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