AHOTAIII. CINCOK NYBJIIKAIIN 3IOBYBAYA

AHoTanisi (YKpaiHCbKOI0 MOBOIO).

I'yvnescokui 11.1O. OpraHi3allifHO-TEXHOJIOT1UHI PIIICHHS MO MiABUILICHHIO
eKCIUTyaTamifiHol HAAIMHOCTI KaHANI3aIiiHUX TYHENIIB B MICIMX 3 €QHAHHS 3
OTJISIZIOBUMH IIIaXTaMU - KBaJTi(hikalliiiHa HayKOBa Iparls Ha TpaBaxX PYKOIHCY.

Hucepraitis Ha 3700yTTS HAyKOBOTO CTyIleHs JokTtopa ¢utocodii 3a
cuemianpHicTIO 192 - «byAiBHUIITBO Ta HUBUIbHA 1HXKEHeEpisH» — XapKiBChKUN
HaIllOHATBHUIN yHIBEpCUTET Michkoro rocnoaapctBa imeHi O.M. bekerosa,
MiHicTepcTBa OCBITH 1 HAyKU YKpainu, Xapkis, 2023.

TpuBanuii BOIMB arpecUBHOTO CEPEAOBUINA HA KOHCTPYKIII CHCTEM
BOJIOBIIBEZICHHS, TPU3BOAUTH JO iX PYWHYBaHHS Ta B JCSKUX BHIIaJIKaxX [0
BUHHUKHEHHSI aBapiHUX CUTyalld, CKOPOUYEHHs yacy Oe3aBapiiiHOI eKcIuTyaTarlii
CHOpY/, 30UIBIIEHHSI BUTPAT HA IX PEMOHT Ta B1JIHOBJICHHS.

OcobmuBoi yBarm mnoTpeOye crnenu@dika eKcrulyaTalli KaHaTi3aliiHuX
TYyHENIB - AlameTp nepetuHy nonan 1500 M 1 rimOuHa 3aKiIageHHsl OHAI 5-7 M.
BcTanoBieHo, 1m0 mepeBakHO BC1 BOHU 1TO0Y10BaH1 3 0€TOHY Ta 3a11300€TOHY.

AHani3 BUHMKHEHHS aBapii, 10 TPamWIKMCsS 3a OCTaHHI POKH Ha AUITHKaX
KaHaII3alliHUX TyHeIIB 1o np. ['arapina, Byu. I'pekiBebkiil Ta XT3 B M. XapkiB €
CBIIOIITBOM OCHOBHOi TPWUYMHU BUHUKHEHHS JIOKAJIHHOTO OOBAJICHHS -
MOIIKOJ/IKEHHSI 3aJ1i300€TOHHOI KOHCTPYKIIl CKJEMIHHS TYHEI B pe3yJbTaTi
BITUBY O10T€HHOT KOPO3ii.

Crning BiI3HAUUTH, MO0 HAMOLIBIIOI KOPO3ii 3a3HAIOTHh MIJISSHKU TYHETIB B
MICIISIX 3'€THAHHS 3 OTJISIZIOBHMH IIIaXTaMH, a TAKOK KOHCTPYKITii OTJISIOBUX IIIaXT.
CriyHl BOAM B OIJILOOBIM IIaxTl MAaarOTh 3 IMO3HAYKKM [0 MO3HAYKHA JIOTKA
KaHAI3alliHOTO TyHeno. B pesynbTari pos3mapyBaHHS IOTOKY aKTHBHO
BUJIUISIETHCS CIpUaHUH Ta3, IKU B HACTYITHUX PEaKIlIIX EPETBOPIOETHCS B CIpUAHY
KHCIIOTY BHCOKOTO CTYIIEHs KOHIIeHTpallii. He Maroun aHTUKOpPO31MHOTO 3aXHCTY,
HJ1e MOIIKOKEHHSI OETOHHOTO 0OpOOJICHHS TYHEITIO, SIKe HECE HaBaHTaKEHHS BiJl

TOBIIII TPYHTY.



B nucepraniitaiit poOOTi 17151 1OCTIKEHHS HalO1IbIIT BUCOKOTO BIUTUBY OYyJI0
y3arajlbHeHo (pakTopH, 1[0 BIUIMBAIOTh HA eKCIUTyaTalliiiHy HaaiiHICTb
KaHai3alliHUX TYHENIB Ta OIJISIOBUX IIAXT. 3TiAHO JaHUX, OTPUMaHUX 3a
pe3yibTaTaMu €KCIIEPTHOTO OI[IHIOBaHHS OyJI0 BH3HAYEHO, 110 3 BUINEBKa3aHUX
IPUYUH BIJIMOBU CTaJOTO (PYHKIIOHYBaHHS KaHAMI3AI[ITHUX TYHEIIB HAWOLIbII
BUCOKMH CTYIIHb BIUIUBY MarOTh (akTopu:  pyHHYBaHHS 3BOAY B MICLAX
MPUMHUKAHHS 10 OTJISIIOBUX IIaXT, KaMep TaciHHS; pyWHYBaHHS 3BOJy KOHCTPYKIIIT
KaHATI3aI[IHHOTO TYHEI0; TEXHIYHUHN CTaH OTJISIZIOBHUX ITTaxXT.

Tum vacom po3poOka Ta BNPOBAKEHHS TEXHIYHHMX, OpraHi3allliHUX Ta
TEXHOJIOTIYHUX PIIIEHh PEMOHTY Ta BIJIHOBJICEHHS KOHCTPYKIIM KaHaTi3aliiHUX
TYHEJIB Ta OTJIJ0BUX IIAXT 13 3aCTOCYBAHHIM HEIOPOTUX BITUU3HSHUX MaTepialiB
Ta KOHCTPYKIIIA JT03BOJUTH IMIJBUIIUTH EKCIUTyaTal[liHy JOBTOBIYHICTh MEpEeK
BOJIOBIIBEICHHS, CKOPOTUTH TPUBAIICTH Ta BaPTICTh PEMOHTHO-B1IHOBIIIOBAIIbHUX
poOIT.

[IpoanainizoBaHo BUPOOM Ha OCHOBI 0a3aJIbTY JIs JOLIBHOCTI BUKOPUCTAHHS
JTAHOTO MaTepially B BIAHOBJICHHI KaHaNI3alIMHUX MEPEX. 3’sCOBAHO, 1110 BUPOOU
Ha OCHOBI 0a3albTy MalOTh Psiji MepeBar: BUCOKY MIIHICTh, JOCUTh Majly Bary,
HAJIMHICTh NIPH EKCIUTyaTalli B IIUPOKOMY J1ara3oHl TEMIIEpaTyp, HE CXWIbHI J10
KOpO3ii 1 MalOTh BUCOKY XIMIYHY CTIHKICTb. TakMM YMHOM MOKa3HUKHU 0a3ajibTy
BI/IMOBIAIOTh TOJOBHUM BHUMOTaM JIO MaTepiaiiB, sSKi BUKOPHUCTOBYIOTBHCS IS
3aXMCTY  KaHai3alliMHUX  MepeX. BukopucranHs  0a3aabTO-BOJOKHUCTHX
MaTtepianaiB, KOMIO3UTIB Ta BUPOOIB 3 HUX € MEPCHEKTUBHUMHU Ta €KOHOMIYHO
notinbHUMHE. L1 mepeBaru naroTh MOXKJIMBICTH 3ACTOCYBaHHS MaTepiajiB 3 0a3aibTy
IIPU PEMOHTI 1 BITHOBJIEHH]1 MEPEK BOJOBIABEICHHS.

[Ipu peMOHTI Ta BIJHOBJICHHI KaHAI3AI[IMHUX TYHEIIB BUKOPHUCTOBYIOTHCS
BIJIKPUTI Ta 3aKPUTI CHOCOOM BUKOHAHHS POOIT.

3Baka0uM Ha Te, 10 YaCTHHA KaHATI3aIlliiHUX MEpeX MPOXOIUTh Yepes
TEepUTOPIi € BIICYTHI TPAHCIIOPTHI apTepii, uepe3 CLIbCHKOTOCIOAAPChKI YT 1

Ma€ HC3HAYHY FJII/I6I/IHy 3aJsIraHHsA, 4 TAKOXK TC 110, JK IIpaBUJIO, 1X JJOTKOBA YacTUHA



3HAXOAMUTHCS Yy CTaHl MPUIATHOMY IS MOAAIBIIOT €KCIUTyartallii, JOLUIBHUM €
BUKOHAHHSI PEMOHTHO-B1THOBJIIOBAJILHUX POOIT Ha HUX BIIKPUTUM CIIOCOOOM.

Buxoasus 3 TOro 1m0 JOTKOBAa 4YacTHHA KOJIGKTOpIB 30epekeHa, y
JTYcepTaliiHIii poOOTI PO3IIISAAETHCSA BIIHOBJICHHS CKJICIHYACTOI YAaCTHHHU 13
3aCTOCYBaHHSAM IUTUTKA KaM’ STHOTO JUTTS. PoOOTH MO BITHOBJICHHIO B JaHOMY
BUITAJIKY BUKOHYIOTBCS 3 JJOTIOMOTOI0 ITHEBMATHYIHOT OTaTyOKH.

BukopucTanHs MHEBMAaTHUYHOI ONATyOKH BIJITPA€ BEJIHUKY POJb, OCKLIBKH
BOHA 3a0e3medye BUKOHAHHS TaKUX BHMOT: IIBUIKMA MOHTaX 1 JEMOHTaX
ONaTyOKH; MOXKJIMBICTh BAKOPUCTAHHS 11 JIs1 TPOCTOPOBUX MOBEPXOHb CKPUBIICHOT
dbopmH, HaBITh 3 BETUKUMHU MPOTOHAMU; OaratopazoBa 0OOPOTHICTh OMayOKH.

[Ipu po3rnsal  METOAIB PEMOHTY 1 BIAHOBJIEHHS  KaHaJi3al[lHHUX
TPyOOIPOBOIIB BEIUKOrO JiaMeTpa 1 TyHENIB BiJ3HAYEHO, 110 METOJl BCTABOK Ha
ChOT'OJIH1 € OCHOBHHM, SIK Yy 3apYODXKHII, TaK 1y BITYM3HAHIN pakTuil caHauli. [Tpu
bOMY, SIK MPAaBHJIO, BAKOPUCTOBYIOTHCSI TPYOH 13 MOJIETUIIEHY, CKIOIUIACTUKY Ta
6azanpToractTuky. [Ipu gociipkeHH1 METO/IIB PEMOHTY 1 BITHOBJICHHS OTJISIIOBUX
11aXT BCTAHOBJIEHO, 10 B M. XapKOB1 HAKONMMYEHUI 3HAYHUIA JOCB1J Y 111 00JaCTI.
3 BUKOPHUCTAHHSM pIIIEHb, PO3POOJEHUX YUYECHUMHU YHIBEPCHUTETY, BiJTHOBJICHO
Oarato maxT Ha KaHaji3aliHUX TyHensx Micta. [Ipm mpoMy 3acTocoByBaBcs
pedpucTUii MOMIETHIIEH, TTaHeNl 31 IJIAKOBOI'O JIMTBA, KJIIHKEPHA LIEria, MOKPUTTS
cTiH 3 VMX-6a3anbTy.

Y nabGopatopii yHiBepcuTeTy Oy BUKOHAHI JOCTIIKEHHS 3pa3KiB
0a3aJIbTOBUX €JIEMEHTIB, SIK1 MPUCYTHI HA pUHKY OyAiBEIHHOI MPOAYKIIi B YKpaiHi.
KpiMm BU3HauYeHHS MIIHICTHUX XapaKTEPUCTUK OyJI0 BH3HAYEHO HASBHICTH airesii
MIK HEMEHTHO-MIIIIAHUM PO3YMHOM Ta MOBEPXHEI0 0a3a1bTOBOI INIMTKH. OTpUMaH1
pe3ynbTaTH TOCIIIKEHHS MMOKa3aJIH, 10 PO3YMH 3a0€3MMeUnTh HeOOXITHY aare3iro 3
0a3aJbTOBUMHU  €JIEMEHTAMM, W0 3[aTHI NOPOTUIIATA OlOreHHId  KOpo3il
KaHaTI3aliiHUX MEpeX 1 CIIOPY/I.

ITpu mpoBeneHH1 TOCTIHKEHHS Ha CTIMKICTD B1JT JIi arpeCUBHOTO CEPEIOBHUIIA
OyJio BiiOpaHO JeKiibKa 3pa3kiB 0a3aJbTOBUX €JIEMEHTIB. 3pa3ku 0azalbTy

MPOUIILITM BUNTPOOYBAHHS HA CTIHKICTH Bif JIii arpeCUBHOTO CEPEIOBHUIIA MPOTATOM



90 ni6 B OMIAOBIM IMIAXTI KaHATI3AIMIMHOTO TYHENH TJIMOOKOro 3aisiraHHs,
KOHIICHTpAIlisl CIPKOBOJHIO Ta 1HIIMX XIMIYHHX CHOJIy4eHb SKOI B JIEKiJIbKa pa3
MEPEeBUIIyBaJIa TPAHUYHO JOMyCTUMY. SIK TIOKa3aau pe3yJIbTaTh BUMIPOOYBaHHS,
3pa3ku 0a3anbTy HE CXUJIbHI JJO KOPO3ii Ta HE BTPATHIIM MIITHOCTI MPHU CTUCHEHHI Ta
Ha BUTHH MICIIA 3HAXO/KEHHS 3pa3KiB B arpeCUBHOMY CEPEIOBHILI KaHAT13aliifHO1
IIaXTH 32 3 MICSIII.

B naniii po6oTi 3700yBadueM 3ampolOHOBAHO HOBY TEXHOJIOTIIO PoOIT 3
PEeMOHTY Ta BIJHOBIICHHS KaHaJI3alllWHUX TyHENIB, MIO0 BKIO4Yae 9 eTamis:
JIEMOHTaXX aBapIMHUX JIISHOK TyHEIO (CKIICMIHHS, CTIHKH); PO3YHIIIEHHS JJOTKOBOI
YaCTUHU TYHEJIO; BIJHOBJICHHS JIJISHKHU JIOTKOBOI YaCTHMHHM TYHENIO (32 YMOBU
pYWHYBaHHS JIOTKA); OUYMILEHHS ICHYIOYOI apMaTypu Ui 3a0e3Ne4YeHHs CIUIbHOT
poOOTH JIOTKA Ta 3aXMCHOTO MOKPHUTTS CKJICMIHHS, 10 3BOJAMUTHCS; BIIAIITYBAHHS
MTHEBMATHYHO1 OMATyOKH IS CIOPYKCHHS CKJICTIIHHS TYHEIIO 3 BHYTPIITHBOIO
0OpOOKOI0 TUIUTKOIO KaM’SIHOTO JIUTTS; YKJIQJaHHS IUIUTKA KaM SHOTO JIUTTS;
BCTAHOBJICHHSI HEOOX1JTHOI apMaTypu JUisl 3aXMCHOTO OOJIMIIOBAHHS CKJICTIIHHS 3
MOHOJIITHOTO 3aJl1I300€TOHY; CTBOPEHHS 1HBEHTAPHOI ONAIYyOKHW; YKJIaAaHHS
OCTOHHOI CyMIIIl MOHOJITHOI YaCTHMHHU CKJICTIHHS; JEMOHTa)X IMHEBMATHUYHOI Ta
IHBEHTapHOI onajxyOKH micias HaOWpaHHS MIHOCTI OETOHY; 3BOPOTHE 3aCHUITAHHS
TpaHIlel 3 YIIIJIbHEHHSM. SK CBIQUUTH KalleHAapHUil rpadik poOiT, TpUBAIICTh
poOIT, 110 BUKOHYIOThCA Ha AUIsAHIL 30 M KaHAM3AIIHHOTO TYHEIIO JlaMeTpOM
1840 MM B Micili NpUETHAHHS O OTJISJIOBOI IIaXTH 13 3aCTOCYBAaHHSIM IUIUTKH
KaM’STHOT'O JIUTTS, CTaHOBUTH 40 JTHIB.

Ak  ToKa3yroTh  JIOCHIIKEHHS, MEXI PparlioHAJIbHOTO BHUKOPHCTAHHS
BIJIKDUTOTO (TPAHIIEHHOr0) CIOCO0Y PEMOHTHO-BITHOBIIOBAJILHUX POOIT 3aJ1€KHO
BiJl KOHKPETHUX I1H)XCHEPHO-TE€OJIOTIYHUX Ta BUPOOHUYUX YMOB 3MIHIOIOTHCS Y
IIMPOKUX MEXKax 13 TIIMOMHOIO 3aKJIaJIeHHS TpaHiiei B cepeqHboMy Big 3 10 8 M. Y
npakTull OyAIBHUUTBA MpU po3poOll TIPyHTY B TpAHIIESX HalyacTile
3aCTOCOBYIOTHCS KPIIUICHHS BEPTUKAIBHUX CTIHOK.

B nucepraniiiniii poOOTI IpeICcTaBI€HO HOBE OpPraHi3aliifHO — TEXHOJIOTIYHE

pIIIEHHS MO BIAHOBJICHHIO OIISAOBUX I1axT. OCHOBHUI IEeP10 BiTHOBICHHS



OTJISIZI0BOI IAXTH 32 JOMOMOTOI0 OOJIMIIOBAHHS CTIHOK IUIMTKOIO KaM’ STHOTO JTUTTSI
3 0a3aibTy: IEMOHTAX IUIAT MIEPEKPUTTS; OUMILICHHS CTIHOK BiJI MPOJYKTIB KOPO3ii;
1H'€KIIIS aHTUKOPO31MHUM OETOHOM Ha JIpiOHOMY 3aMOBHIOBAYl IPOCTOPY B MICIIAX
CTUKYBaHHS TYHEJI0; apMyBaHHS CTIHOK IIaxXTH (B pa3i IIIMOOKOI KOpo3ii CTiH);
OOJMITIOBAaHHS CTIHOK OTJISIZIOBOI IMAXTH TIMTKOIO KaMm’ SHOTO JUTTS 3 0a3ajbTy;
oOpoOka BHYTPINIHBOI TOBEPXHI EKCIUIyaTalliMHUX ITBHUIL Ta CXOJIB
AHTHUKOPO31MHUM ETOKCUIHUM MOJiypeTaHOBUM ckiagoM « AKBAXWM».

Yepes BHCOKY arpecHBHICTh KaHATI3alIMHOTO  CcepeoBHIa  OyJo
3aMpPONOHOBAHO 3aXUCHY AHTHUKOPO31MHY CUCTEMY OOJIMIIFOBAHHS CTIHOK OIJISJI0BOT
maxTy: 0a3anbToBa IUIMTKA Ta aHTUKOPO3iHUI po3unH. B maboparopii XHYBA
OyJI0 MPOBEICHO AOCIII)KEHHS Ha JOIIJIbHICTh BUKOPUCTAHHS 0a3aJIbTOBOI IUIUTKH,
AK€ CBIIYUTH MPO BUCOKI SKICHI MMOKa3HUKUA MaTepialy JJIsl 3aXUCTY Bij] O10T€HHOI
KOopo3ii. B pe3ynbTaTi npoBeAeHUX AOCTIIKEHb 0YJIO OTPUMAHO CKJIaJ] PO3UHMHY IS
Horo ekcruTyartailii B yMOBaX arpeCMBHOTO CEpPEIOBHUIIA KaHAI3AMIIHOTO TYHEIIO
Ta OTJIAA0BOI maxTu. Jyis ¢pyTepyBaHHS BHYTPIITHBOI MOBEPXHI KaHAII3aI[IHHOTO
TYHENI0O Ta CTIHOK OTJISIIOBOI MIAXTH 0a3albTOBOIO TUIMTKOIO PEKOMEHIOBAHO
ximcTivikuit ket UltraMix E10.

[Ipu BUKOHAHH1 pOOIT MO BIJHOBJIEHHIO OIVISIIOBUX IIAXT Ta KaHATI3alIMHUX
TYHEJIB MMOBUHHI BPaXxOBYBAaTHUCs crielU(iuHl HEOE3NEKH, 110 3arpOKyIOTh KUTTIO
Ta 3JJ0POB'T0 MPAIIOIOYHX Y HUX. B po0OOTI po3riIsiHyTI pillIeHHS 11010 3a0e31eYeHHS
0e3nexku poOIT Mpu PEMOHTI Ta BIAHOBJIEHH1 OTJISIOBUX IAXTHUX

HocnimxeHo ¢aktopu BUOOPY METOAY KaHAII3allfHOTO TYHETo 3
BUKOPUCTAHHAM METOJIy E€KCIIEPTHUX OI[IHOK, HAWOUIbII BaroMUMH 3 HUX €:
TEXHIYHUM CTaH (HAsIBHICTh CTATUCTUKU YIIKOJKEHB y TEPI0J, METOIU JIKBiAAIli
YIIKO/KEHb, MTOPYIIEHHS [UTICHOCTI 00po0JieHHs); Pi3UuKo-MeXaHi1uHI BIaCTHBOCTI
IPYHTY; AlaMETp ICHYIOUOTO KaHaji3aliiHoro TyHento. JaHi pakTtopu BILUIMBAIOTH
Ha TexHiko-ekoHoMiuH1 mnoka3Huku (TEII) mpoBegenHst poOiT: coOiBapTICTH,
TPYJIOMICTKICTh 1 TPUBAJIICTh BIIHOBJICHHS JUISTHKYA KaHATI3AI[IHHOTO TYHEIIO.

Po3paxyHok exOHOMIYHOT e(EKTUBHOCTI BIPOBA/KEHHSI OpraHi3alliiHO-

TEXHOJIOT1YHUX PIIIICHh PEMOHTY Ta BITHOBJICHHS KaHATI3aAI[IHHAX TYHEIB B MICIISIX



ME)KYBaHHS 3 OTISIOBUMH IIIaXTaMH 3alPONOHOBAHUM CIIOCOOOM B TMOPIBHSIHHI 3
nitounm [IE Tpybamm mokasaB, IO BUKOPHCTAaHHS TEXHOJIOTIl 3 YKIaIaHHIM
0a3abTOBUMU TUIMTKaMU € Oubin eextuBHOIO HiXK [IE Tpybamu monan Hixk y 3
pasu. Buxoasdu i3 OTpUMaHuX PO3paxXyHKOBUX 3HAUYEHb IHTETPATBHOTO TTOKa3HUKA
e(pEKTUBHOCTI, PEKOHCTPYKIIiSl TyHEII0 32 METOJUKOIO YKIaZaHHS 0a3aibTOBUX
IUTUTOK € Maike yABi4l €()eKTUBHIIIOIO, 10 € EKOHOMIYHO JOLUIFHUM Ta HAYKOBO
OOTpYHTOBAHUM.

Kiro4uoBi cji0oBa: BOMOBIJBENCHHS, CTIYHI BOAM, KaHAI3AI[IHHUN TYHENb,
OTJISIIOBA IIaXTa, HAJIMHICTh, BIJIHOBIICHHS, 3HOC, KOpO3is, CIPKOBOJEHb, OETOH,
0a3aibT.

Abstract (in English).

Hulievskyi P. Organizational and technological solutions for increasing the
operational reliability of sewage tunnels at the points of connection with inspection
shafts — Manuscript.

Thesis in support of candidature for the degree of Doctor of Philosophy in
specialty "192 - Construction and Civil Engineering" - O. M. Beketov National
University of Urban Economy in Kharkiv, Ministry of Education and Science of
Ukraine, Kharkiv, 2023.

The long-term influence of an aggressive environment on the structures of
drainage systems leads to their destruction and, in some cases, to emergency
situations, a reduction in the time of trouble-free operation of structures, and an
increase in the costs of their repair and restoration.

Particular attention needs to be paid to the specifics of the operation of sewage
tunnels - the cross-section diameter is more than 1500 mm and the laying depth is
more than 5-7 m. It was established that mostly all of them are built of concrete and
reinforced concrete.

Analysis of the occurrence of accidents that have occurred in recent years at
the sections of sewer tunnels along Gagarina Ave., St. Grekivska and KhTZ in
Kharkiv is evidence of the main cause of the local collapse - damage to the reinforced

concrete structure of the tunnel vault as a result of biogenic corrosion.



It should be noted that the sections of the tunnels at the points of connection
with inspection shafts, as well as the structure of inspection shafts, experience the
greatest corrosion. Sewage in the inspection shaft falls from the mark to the mark of
the sewer tunnel tray. As a result of flow stratification, sulfuric gas is actively
released, which in subsequent reactions turns into sulfuric acid of a high degree of
concentration. Without anti-corrosion protection, there is damage to the concrete
treatment of the tunnel, which bears the load from the soil layer.

Factors affecting the operational reliability of sewer tunnels and inspection
shafts were summarized in the thesis for the study of the highest impact. According
to the data obtained as a result of the expert evaluation, it was determined that among
the above-mentioned reasons for the failure of the sustainable functioning of sewer
tunnels, the factors with the highest degree of influence are: the destruction of the
vault in the places adjacent to inspection shafts, extinguishing chambers; destruction
of the arch of the sewage tunnel structure; technical condition of inspection mines.

Meanwhile, the development and implementation of technical, organizational
and technological solutions for the repair and restoration of structures of sewage
tunnels and inspection shafts using inexpensive domestic materials and structures
will allow to increase the operational durability of drainage networks, reduce the
duration and cost of repair and restoration works.

Products based on basalt were analyzed for the feasibility of using this
material in the restoration of sewage networks. It was found that products based on
basalt have a number of advantages: high strength, fairly low weight, reliability
during operation in a wide temperature range, they are not prone to corrosion and
have high chemical resistance. Thus, the parameters of basalt meet the main
requirements for materials used to protect sewage networks. The use of basalt-
fibrous materials, composites and products from them are promising and
economically feasible. These advantages make it possible to use basalt materials in
the repair and restoration of drainage networks.

When repairing and restoring sewer tunnels, open and closed methods of work

are used.



Taking into account the fact that part of the sewage networks passes through
territories where there are no transport arteries, through agricultural lands and has
an insignificant depth of occurrence, as well as the fact that, as a rule, their channel
part is in a condition suitable for further operation, it is advisable to carry out repair
and restoration work on them in an open way.

Based on the fact that the tray part of the collectors has been preserved, the
restoration of the vaulted part with the use of stone casting tiles is considered in the
dissertation work. Restoration work in this case is carried out with the help of
pneumatic formwork.

The use of pneumatic formwork plays an important role, as it ensures the
fulfillment of the following requirements: quick assembly and disassembly of the
formwork; the possibility of using it for spatial surfaces of a curved shape, even with
large spans; multiple reversibility of the formwork.

When considering the methods of repair and restoration of large-diameter
sewer pipelines and tunnels, it was noted that the method of inserts is currently the
main one, both in foreign and domestic sanitation practice. At the same time, as a
rule, pipes made of polyethylene, fiberglass and basalt plastic are used. When
researching the methods of repair and restoration of inspection shafts, it was
established that the city of Kharkiv has accumulated considerable experience in this
area. With the use of solutions developed by university scientists, many mines in the
city's sewage tunnels have been restored. At the same time, ribbed polyethylene, slag
casting panels, clinker bricks, and VMX-basalt wall coverings were used.

In the laboratory of the university, samples of basalt elements, which are
present on the market of construction products in Ukraine, were studied. In addition
to determining the strength characteristics, the presence of adhesion between the
cement-sand mortar and the basalt tile surface was determined. The obtained results
of the study showed that the solution will provide the necessary adhesion with basalt
elements capable of counteracting biogenic corrosion of sewage networks and

structures.



Several samples of basalt elements were selected during the research on
resistance to the action of an aggressive environment. The basalt samples were tested
for resistance to the aggressive environment for 90 days in the inspection shaft of
the deep sewer tunnel, the concentration of hydrogen sulfide and other chemical
compounds several times exceeding the maximum allowable. As the results of the
test showed, the basalt samples are not prone to corrosion and did not lose their
compressive and bending strength after the samples were exposed to the aggressive
environment of the sewage mine for 3 months.

In this work, the acquirer proposed a new technology for the repair and
restoration of sewer tunnels, which includes 9 stages: dismantling of emergency
sections of the tunnel (vaults, walls); clearing the tray part of the tunnel; restoration
of the section of the tunnel part of the tunnel (if the tunnel is destroyed); cleaning of
the existing fittings to ensure the joint operation of the tray and the protective coating
of the vault being erected; installation of pneumatic formwork for the construction
of the tunnel vault with internal finishing with stone casting tiles; laying stone
casting tiles; installation of the necessary fittings for the protective lining of the vault
made of monolithic reinforced concrete; creation of inventory formwork; laying the
concrete mixture of the monolithic part of the vault; dismantling of pneumatic and
inventory formwork after gaining strength of concrete; backfilling of the trench with
compaction. According to the calendar schedule of works, the duration of works
performed on the section of 30 m of the sewer tunnel with a diameter of 1840 mm
at the point of connection to the inspection shaft with the use of stone casting tiles is
40 days.

As research shows, the limits of the rational use of the open (trench) method
of repair and restoration work, depending on the specific engineering, geological
and production conditions, vary widely with the depth of laying the trench on
average from 3 to 8 m. In construction practice, when developing soil in trenches,
most often fasteners of vertical walls are used.

The dissertation presents a new organizational and technological solution for

the restoration of inspection mines. The main period of restoration of the observation



shaft with the help of facing the walls with basalt stone casting tiles: dismantling of
the floor slabs; cleaning of walls from corrosion products; injection of anti-corrosion
concrete on a small filler of space at the junctions of the tunnel; reinforcement of the
mine walls (in case of deep corrosion of the walls); facing the walls of the
observation shaft with stone-cast basalt tiles; treatment of the inner surface of
operational areas and stairs with anti-corrosion epoxy polyurethane compound
"AQUAKHIM".

Due to the high aggressiveness of the sewage environment, a protective anti-
corrosion lining system for the walls of the inspection shaft was proposed: basalt
tiles and anti-corrosion solution. A study on the feasibility of using basalt tiles was
conducted in the laboratory, which testifies to the high-quality indicators of the
material for protection against biogenic corrosion. As a result of the conducted
research, the composition of the solution was obtained for its operation in the
conditions of the aggressive environment of the sewage tunnel and inspection shaft.
Chemical-resistant glue UltraMix E10 is recommended for lining the inner surface
of the sewer tunnel and the walls of the inspection shaft with basalt tiles.

When carrying out work on the restoration of inspection mines and sewage
tunnels, specific dangers that threaten the life and health of those working in them
must be taken into account. The work considers solutions to ensure the safety of
work during the repair and restoration of inspection shafts

The factors of choosing the sewer tunnel method were studied using the
method of expert evaluations, the most important of which are: technical condition
(availability of damage statistics during the period, damage elimination methods,
violation of processing integrity); physical and mechanical properties of the soil;
diameter of the existing sewage tunnel. These factors affect the technical and
economic indicators of the works: cost, labor intensity, and duration of restoration
of the sewer tunnel section.

The calculation of the economic efficiency of the implementation of
organizational and technological solutions for the repair and restoration of sewer

tunnels in the places bordering inspection shafts by the proposed method in



