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AHHOTALUMUA

BBegeHune. PaccmaTtpumBaloTcsi BONPOCH! NMPOBEAEHNS PEMOHTHBIX paboT Mo PeKOHCTPYKLMU HaMOPHbIX BOAOMPOBOAHbLIX
TpyBonpoBoaoB ¢ Ucnonb3oBaHWEM GecTpaHLLeHbIX TexHonoruin «Apm-lMany n «Mann-Apm», no3sonstolmx obecneun-
BaTb PECYPCO- U aHeprocbepexeHne nNpy TpaHCNopTUPOBKe BOAbl. MNpuBeaeHbl CBeAeHUs MO HOPMATUBHOMN M TEXHUYECKON
[OKYMEHTaLMK, yCNoBUAM M NOpsiAKe MOHTaXa 3aLLMTHbBIX NMOKPLITUIA BOCCTaHaBNvMBaemoro Tpybonposoaa, a Takke peayrb-
TaTbl pac4yeTHO-aHaNUTUYECKVX UCCNeOOoBaHUI NO CPaBHUTENBHOMY aHanu3y U OLEeHKE BO3MOXHOCTU CHUXEHWST SHEepro-
3aTpart nNpy TPaHCNopTVPOBKE BOAbI B Neproz aKCrnyaTaumm Tpybonposoaa nocre ero pekoHCTpyKumuu. MpeactaBneHbl TeXHO-
norun 6ecTpaHLUenHON pekoHCTpyKUun «ApM-ann» u «Man-Apm» Ansi onepaTyBHOrO BOCCTAHOBIEHWUSI HAMOPHBIX TPY6Oo-
NPOBOAHBIX CETEW, a Takke BOMPOCHI SKOHOMUU 3NEKTPOIHEPTMWN MpY TPaHCNOPTUPOBKe BoAbl No Tpyb6onpoBodam nocrne
paboT Mo MX PEKOHCTPYKLMMN YKa3aHHbIMU TEXHOMNOTMSIMU.

Matepuanbi u metoabl. [pUMEHUNV aHaNUTUYECKMI, a TakKe pacYeTHbIN METOAbI, aBTOMATU3MPOBaHHbIA NPOrpaMMHbIv
KOMMIeKC Anst onpeaeneHns SKOHOMUK ANEKTPOIHEPIN 3a CHET PEKOHCTPYKLIMM BETXUX AEWCTBYIOLMX HANopHbIX Tpy6o-
NpoBOAOB MPU UCMOMNb30BaHNW TexHonorun «Apm-lann» n «Mann-Apm».

Pesynbratbl. C NOMOLLBIO pacyeToB BbISIBIIEHO MPEVMMYLLECTBO TexHornorun «Apm-ann» no cpaBHeHuto ¢ «lMann-Apm»
B MnaHe noTeHuuanbHOM 3KOHOMUM AMEKTPOIHEPrM NPU TPAHCNIOPTMPOBKE BOAbI MO HaMOPHBIM TpyGonposodam.
BbiBoabl. MpoBedeH KOMNNEKCHbIN aHann3 TEXHUYECKOro U SHepreTMyeckoro noTeHumana peanvsaumm nepenosbix bec-
TPaHLUENHBbIX TEXHOMOMMI PEKOHCTPYKLMK BETXUX TpybonpoBogos «ApM-Mann» u «Mann-Apmy».

KNKOYEBBIE CITOBA: Tpy6onpoBoabl, pEKOHCTPYKLMS, BecTpaHLLeiHble MeToAbl, 3HeprocbepexeHve

OnA UMTUPOBAHWUA: Oprios B.A., 3omkuH C.I1., [NodonsH [.B. PEKOHCTPYKLMS BOAONPOBOAHbLIX CETEN C MCNONMb30BaHNEM
TexHornormn «Apm-lann» n «Mann-Apm» // CTpoutenbcTBO: Hayka n obpasosaHue. 2024. T. 14. Bein. 4. Ct. 70-79. URL:
http://nso-journal.ru. DOI: 10.22227/2305-5502.2024.4.70-79

Asmop, omeemcmeeHHbIl 3a nepenucky: Omutpuin Bnagummnposuy MogonsH, dim.p-2010@yandex.ru.

Reconstruction of water supply networks using “Arm-Pipe”
and “Pipe-Arm” technologies

Vladimir A. Orlov, Sergey P. Zotkin, Dmitrii V. Podolian
Moscow State University of Civil Engineering (National Research University) (MGSU);
Moscow, Russian Federation

70

ABSTRACT

Introduction. The issues of carrying out repair work on the reconstruction of pressure water pipelines using trenchless
technologies “Arm-Pipe” and “Pipe-Arm”, which allow to ensure resource conservation during water transportation, are
considered. Information on regulatory and technical documentation, conditions and installation procedure for protective
coatings of the pipeline being restored, as well as well as the results of computational and analytical studies on comparative
analysis and assessment of the possibility of reducing energy consumption during water transportation during the operation
of the pipeline after its reconstruction are presented. The technologies of trenchless reconstruction of “Arm-Pipe” and “Pipe-
Arm” for the rapid restoration of pressure pipeline networks, as well as issues of saving electricity when transporting water
through pipelines after work on their reconstruction with these technologies are presented.
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Materials and methods. Analytical as well as computational methods by using an automated software package to deter-
mine energy savings due to the reconstruction of dilapidated existing pressure pipelines using “Arm-Pipe” and “Pipe-Arm”

technologies were applied.

Results. Calculations have revealed the advantage of “Arm-Pipe” technology in comparison with “Pipe-Arm” in terms of po-
tential energy savings when transporting water through pressure pipelines.

Conclusions. A comprehensive analysis of the technical and energy potential of the implementation of advanced trenchless
technologies for the reconstruction of dilapidated “Arm-Pipe” and “Pipe-Arm” pipelines was carried out.
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BBEJIEHUE

3HaYNTENBHBIA U3HOC IKCIUTYaTHPYEMBIX JUTHTEIb-
HOE BpeMsl TPyOOIIPOBOIHBIX CHCTEM BOAOCHAOKEHMUS
1 BOJJOOTBE/ICHHSI HACEJICHHBIX MYHKTOB TpeOyeT Ipo-
BEJICHUS ONEPATHBHON PEHOBAIIMM W MOJEPHHU3ALNU
WH)KEHEpHBIX ceTeil. K pekoMeHyeMbIM MeTonam 3¢-
(EeKTUBHOTO BOCCTAHOBJICHHS BETXUX TPyOOIPOBOIOB
OTHOCSIT OeCTpaHIICHHBIE TEXHOJIIOTHH, KOTOPBIE JaroT
BO3MOXKHOCTb HE TOJIBKO HEWTPAIN30BaTh HETATHBHBIC
MIPOIIECCHI AMEKTPOXUMHUYECKON 1 OHMOIOTHYECKON KOp-
PO3UH, HO 1 00ECIIeUUTh TPeOyeMBIii YPOBEHb HECYILEeH
CHOCOOHOCTH TPYOOIIPOBOJHBIX CETEH M UCKIIOYHUTH
yreuku [1-3]. Taxke Ha MOBECTKE JHS JIOJKHBI CTOSITh
aKTyaJIbHbIE BOIIPOCH! HaJIS)KHOCTH BOCCTAaHABIMBAEMO-
ro TpyborpoBona [4].

Braropapst 5ToMy IpozsIeBaeTCst CPOK CIIYKOBI TPY-
0OMPOBOTHOTO TPAHCHIOPTA, & ISl HAOPHBIX TPYOOIIpO-
BOJIOB CO3MAIOTCS JOTIONHHUTEIbHBIE TapaHTHH 3P dek-
THUBHOTO CHIDKEHHS SHEPro3arpar Ha TPAHCIIOPTHPOBKY
x)uakocred. becTpaHuieiiHble TEXHOIOIMH BOCCTAHOB-
JIeHUs TPyOOIPOBONOB MO3BOJIIOT MHHUMHU3UPOBAThH
BO3HUKAIOIINE PUCKU OT yIIEpOOB (PKOJIOTHYECKOTO,
COIIMAJIFHOTO M MaTepHAILHOTO), TIOBBIIIAS MPH 3TOM
HAJIeKHOCTh PabOThI MHKEHEPHBIX CETEH U CONEHCTBYS
pPEeryJIupoBaHUIO LEHOBOIO BONPOCA, BO3ZHUKAIOIIETO
B XOJI€ MX UCIIOJIb30BaHMSI.

Metonbl GecTpaHIIEHHOrO PEMOHTA BKJIIOYAIOT
Pa3IMYHOTO poJia ONepaliy, Ha BHYTPEHHIOIO ITOBEPX-
HOCTh BETXHX TPyOOIPOBOAHBIX CETeH HAHOCSTCS 3a-
IIUTHBIE TTOKPBITHS, KOTOPBIE KJIACCH(DUINPYIOT KaK Ha-
OpbI3roBBIE (HANBUISIEMBIC), CIUIOIIHEIE B BHAC TPYO
WU TIOJIMMEPHBIX PyKaBOB, HABUBOYHBIC (HAMOTOYHBIE)
1 MecTHBIe (OaHmaxu U T.11.) [5, 6]. B 3amaun mpoBoau-
MBIX HCCJICIOBAaHUN BXOJUJ KOMILJIEKC MEpPONpPHUITUN
10 O3HAKOMJICHHUIO C HEKOTOPBIMH MEPCTIEKTUBHBIMU TH-
aMy BHYTPCHHUX 3allIUTHBIX HOKprTHﬁ, TIO3BOJIAOIINX
OIEPaTUBHO U SKOHOMUYHO BOCCTaHABJINBAThH HAIIOPHBIE
TpyOOIIPOBOIBI.

B xauectBe Marepuana ucciaeqoBaHuil npeicTaBie-
Ha OJlHAa U3 Pa3sHOBHJIHOCTEH HaOpPBI3TMBAEMbIX (HAIIbI-
JSIEMBIX) TEXHOJIOTI PEHOBANNH, IOy IHBIIAS HAMe-
HOBaHHS cOOTBETCTBEHHO «Ilaim-Apv» 1 « Apm-ITaim.

CyImHOCTh TEXHOIOTHU PEHOBALMH BOAOMPOITYCK-
HBIX TpYO «Ilafi-Apm» 3aKimiogaeTcsi B BOCCTAHOBICHUH

UX HECyIIeH cloCOOHOCTH IyTeM OETOHNPOBAHUS 110 He-
CHEMHOI OIMMEPHOI! onayoKe U COCTOUT U3 TPEX B3a-
MMOCBSI3aHHBIX TEXHUUECKHUX PEIICHHUA: MOHTaa B TPY-
Oy apMaTypHOTO KapKaca YCHJICHHS; YCTAHOBKH B TEJIO
TpyOBI MOJMMEPHOTO 3aIUTHOIO PyKaBa; OMOHOJINYH-
BaHU KOHCTPYKUHWH, T.C. HAITOJTHCHU S B]:lCOKOMapO‘lHOﬂ
CMECBIO MTPOCTPAHCTBA MEXKy TEJIOM TPYOBI U TOJH-
MEpPHBIM pyKaBoM [7-9]. ApMaTypHEI KapKac COCTOHUT
U3 METAJUTMYECKON ITPOJOJILHON apMaTyphl ¢ Homneped-
HOI HaBUBKOM U3 KOMIIO3UTHOM CTEKJIOIIACTUKOBOU ap-
MaTypsl, He MoABepraeMoii Kopposuu. Kapkac n3roras-
JIMBAETCS HA MECTE MPOU3BOJICTBA PAOOT U 3aKPETLIACTCS
Ha BHYTPEHHEH CTEHKE CAaHUPYeMOW TPyObI.

TexHosorusi caHallMid BOJOMPOMYCKHBIX TPYyO
«Apwm-Tlaiiny 3akmodaercst B GOPMUPOBAHUK HOBOM TPY-
OBI M3 KBAPII-IIEMEHTHON CMECH, apMHPOBAHHOMN CIICITH-
QJILHBIM KOMITO3UTHBIM MaTepuajioM, ¢ UCIOJIb30BaHUEM
craporo TpyoonpoBoja B kauectBe Qymispa [10-12].
DTOT METO] TIO3BOJISIET CO31aBaTh HOBBIN TPYOOTIPOBO/
B CTapoM C TPeOyeMBIMH KCILTyaTallHOHHBIMHU XapaKTe-
PHCTHKaMH, BKJIIOYAsi MCIIOJIB30BAHNE €r0 B ceHcMuUe-
CKHX paiioHax’.

MATEPHWAJIBI U METO/JbI

MeTtonom ucciaeoBaHui SIBISETCS aHAJIN3 TEXHO-
JIOTUYECKUX ONEepaluil MpHU peanu3alii TeXHOIOTHH
penoBanun «llain-Apm» u «Apm-Ilaiiny, a Takxe pac-
YeT S5KOHOMHH PHEPro3aTpaT Ha TPAHCTIOPTUPOBKY BOJBI
JI0 ¥ TIOCTIE PEMOHTHBIX padoT 0 IByM allbTepPHATHBHBIM
METO/IaM IIPY BOCCTAHOBJIEHHH TPYOOIIPOBO/IA COOTBET-
CTBYIOILETO TUaMeTpa U NpoTskeHHocTH [13, 14].

WNunoBanmonHas Texunonorus «I[laim-Apmy», pas-
paOoTaHHast CIIEIMAIBHO Al PEMOHTa M BOCCTAHOB-
JICHWs] BOAOMIPOITYCKHBIX TPyO, oOnagaer psjaom Ipe-
HUMYIIECTB, K KOTOPBIM CJIE€yeT OTHECTH: yCTpaHEHUE
Je(eKTOB TPyOOTIPOBOJHBIX CHCTEM, ITPEAOTBPAILCHIE
pa3BUTHS HOBBIX IE(EKTOB, MPEABAPSS pa3pylICHHUE
MX KOHCTPYKIIMH, IPOJUIEHHE CPOKA CITYKOBI TPyOOIIpo-
BOJ10B J10 50 sieT u Gosiee, CHIKEHHE KCILTYaTallHOHHBIX
3aTpar, a Tak’Ke CMETHOW CTOMMOCTH M CPOKOB ITpOBe-
JICHAST PEMOHTHBIX pPaboT, 00eCTIeueH e YKOIOTHIECKOM

'Pexmamuniii yctok OO0 « YK «MHHOBaIMOHHEIE TEXHOIOTHI.
2016.
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B.A. Opnoes, C.I1. 3omkuH, .B. [NodonsiH

0€30MacHOCTH B Pa3HbBIX IPUPOIHBIX U KIMMATHIECKUX
yenoBusix [15-18].

B kauecTBe OCHOBBI MaTepHaia 3alIUTHOTO IO-
KpBITUA Ipu peanu3aimu TexHonoruu «Ilain-Apmy» IT'K
«TEXTIOJIMMEP» npencrapisieT MOTUMEPHBIN pyKaB,
M3TOTOBJICHHBIA U3 MOJUATUIICHA BBICOKOW TIOTHOCTH
contacHo TV 22.29.29-019-56910145-2019. Onna cro-
pOHa pyKkaBa MMEET IMaIKyI0 TOBEPXHOCTh C HU3KUM
K03 (HUIMEHTOM IIEPOXOBATOCTH, JIpyras 000py/10BaHa
CHEINaIbHBIMI aHKEPHBIMHU 3JIEMEHTaMH, MIPEAHA3HA-
YEHHBIMH JIJIsI 32KPETUICHNS] B MOHOJIMTHOM CJIoe OeTOHa
(puc. 1). IIpocTpaHCTBO MEXKTY MOIMMEPHBIM PyKaBOM
1 TpyOOil 3aMoJHSETCs CeHaTbHOI BEICOKOMAPOYHO,
0e3ycaouHON W CaMOYIUIOTHSIIONIEHCS! CMEChIO, N3TO0-
TOBJICHHON Ha OCHOBE MHHEPAJIBHOTO BSIKYIIEro. JTa
cMech oOecrieyrBaeT paBHOMEPHOE 3aI0JIHEHHE BCEX
MyCTOT, HA/IEXKHO CBSA3BIBAS apMaTypHBIA KapKac 1 aH-
KEpHBIE 3JIEMEHTHI ITOJMMEpHOro pykasa. [lomyuaemas
B pe3yJibTare PeHOBAIMN HOBAsl KOHCTPYKIHS o0aaer
BBICOKOH HecyIel cnocoOHOCThI0, HU3KUM THIPABIIH-
YECKUM CONPOTUBIEHUEM M YCTOWYMBOCTBIO K HEra-
THUBHBIM BO3IECHUCTBUSIM OKpYsKarouen cpeapl. [Ipu atom
MaKCHUMaJbHO TOJE3HOE CEUEHHE BOJONPOMYCKHON
TpYOBI COXpaHIETCs, TaK KaK HU3KUK K03 (HUIHEHT Tire-
POXOBATOCTHU MOJUMEPHOTO pyKaBa KOMIIEHCHPYET He-
3HAYUTENIFHOE CY)KEHHE OTBEPCTHS, UTO 0OecIieunBaeT
BBICOKYIO TTPOITYCKHYFO CHOCOOHOCTH BOCCTAHOBJICHHOTO
TpyOOnpoBoza.

Kpemurenne MmeMOpaHbI K OETOHHOM TTOBEPXHOCTH
TPyOBI OCYIIECTBIISIETCS C TOMOIIBIO aHKEPHBIX 2JIEMEH-
ToB B KonmdecTBe 1230 mTyk Ha 1 M? ee MOBEpXHOCTH.

AJBTEepHAaTUBHBIM METOJIOM BOCCTAaHOBJIECHUS TPY-
60OMpPOBO/IOB 1O OTHOIICHHIO K «Ilalnm-ApM» CIy)XHUT
TeXHOJIOTHs «ApM-ITaii», KOTopast MO3BOJSAET JIOKAIN-
3MPOBATh TAaKUE BU/IbI OBPEXK/IEHUI, KaK KOPPO3UOHHBIE
obpacTanus, a0pa3sUBHBIA W3HOC, AEPEKTHI B CTHIKaX
TpyO M MX cMelieHus, o0ecreunBast Py 3TOM TOJIHOE
BOCCTaHOBJICHHE HECYIIeH crocoOHOCTH TpyOompo-
BOJIOB Pa3HOTO HA3HAYCHHS B JIMANa30HAX JUAMETPOB
ot 800 no 2600 MM (puc. 2).

IIpouecc pekOHCTPYKIMHU TPyOOIIPOBOA METOAOM
«ApMm-ITalim» COCTOUT U3 HECKONIBKUX 3TanoB. CHadana
MIPOBOISITCS TOATOTOBUTENBHBIE Pa0OTHI, BKITIOYAIOIIIHE
PACKOIIKy CTapTOBOM U KOHEUHOH TPAHILIEH, a TAKXKE 01~
TOTOBKY TPYyOOITpOBO/A. 3aT€M OIPEACIISIOTCS TEXHOIO-
TMYECKUE 3aXBaTKH B 3aBUCUMOCTH OT HEOOXOAMMOMN
JUIMHBI IJTaHTa JJIs OIa9X CMECH ¥ MOIIIHOCTHU PacTBOPO-
Hacoca. [lanee HAaHOCUTCS CHENMaNbHAs MTOJMMEpHas
oOpelieTka, KOTopast HpPersTCTBYET BOBMOKHBIM pazpy-
MIATETBHBIM YCHINSAM W3BHE, B TOM YHCIIE TP TTOTHOM
CTaTHYECKOM OTKa3e cTapoit TpyOs! (puc. 3). K mpenmy-
IIeCTBaM TaKOHM apMarypsl, Hapumep, 13 0a3aIbTOBO-
JIOKHA OTHOCHUTCS TO, YTO OHA HE TOJ[BEPTacTCsl KOPpo-
3UH JIaKE B CITyyae OOHAKEHUsI 110 KaKOH-JIMO0 MpUYHHE.
MoHTax 00peIeTKH IIPOU3BOMIICS C OMOIIBIO CIICIIH-
aJIbHOM IEPEABMKHOM MAalIMHbI, KOHCTPYKLIHS KOTOPOU
3a c4eT PaMbl C POJIMKAMU MO3BOJISIET UCIIOIB30BATh €€
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B IIMPOKOM [Halla30He BHYTPEHHUX JHAMETPOB TPyOO-
poBoJa.

JU1 mpUroTOBIEHHS LIEMEHTHO-IIECUAHOW CMECH
(LITC) TpedyeTcst BBIOIHATD NOATOTOBKY HEOOXOIMMBIX
KoMIIOHeHTOB. CHauasa 1ecok HeoOXOAMMO NPOCEsTh
4epe3 CUTO U 3aTeM XPaHHUTh B CIELMAIBHBIX EMKOCTSX,
YTOOBI MCKJIIOYUTh HAJIMYME WHOPOAHBIX HPEJAMETOB.
[TopTiaHaueMeHT TakxkKe TOJDKEH COOTBETCTBOBATH OIpe-
JeJICHHBIM CTaHIapTaM, a IMEHHO He COZIepIKaTh CTYCTKOB

Puc. 1. parMeHT HOMMMEPHOTO pyKaBa ¢ aHKEPHBIMHU JIEMEH-
TaMU M apMaTypHBIM KapKacoOM Ha BHYTPEHHEH ITOBEPXHOCTH
BOCCTaHABINBAEMOTO TPyOOIPOBOaA

L
ih

Puc. 2. dparMeHT HaHECEHHOTO HA OOPEIIeTKY 3aIUTHOTO
MOKPBITHS IO TEXHONMOTHU «ApM-Ilaitm»

Puc. 3. BayTpennee apmupoBaHue TpyOOmpoBOaa CETKON
(pemeTKoif) U3 KOMITO3UTHBIX MAaTEPHAIOB
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1 KOMKOB, IUIOTHOCTb LIEMEHTHOIO TecTa He 6omee 27 %,
aKTHBHOCTH paJnoHYKInI0B He MeHee 370 Br/kr B co-
oteerctBum ¢ TOCT 31108-2020. [Tpu HEOOXOMUMOCTH
B coctaBe LIIIC MoryT npucyTcTBOBaTh MUHEPAIBLHBIC
JI00aBKH, HO UX COZIEp’KaHHE HE JOJDKHO MPEBHIIIATH
10 %, 4yT0OBI yay4nuTh (PU3MKO-XMMHUUECKHE CBOWCTBA
TTOKPBITHS.

K mecky Takxe MpembsSBISIOTCS CTpOTHE TPeho-
BaHMS 10 €r0 COCTaBy M CO/EpXaHuIo nmpumeceid. Ha-
puMep, KPyIHOCTh 3epeH He Oosiee 1 MM, dpaxiun
¢ pazmepamu ot 0,315 10 0,63 MM TOJKHBI COCTABIISITh
He menee 70 % ot obmieii Maccr recka. Boma, ncmomnn3y-
eMas TSl IPUTOTOBIICHHSI CMECH, TOJKHA COOTBETCTBO-
Bath ['OCT 23732-79 u umeth Temmeparypy oT +10
1o +30 °C. Cneayet n0OUTHCS ONTHMAIBHOTO COOTHO-
IIEHUSI TBEPABIX KOMIIOHEHTOB (LIIEMEHTA U TIeCKa) B TIpe-
nenax ot 1:1 go 1:1,2 mo o6semy m ot 1:1,115 mo 1:1,338
0 Macce.

MuHMMalTbHAS TOJIIMHA HAHOCHUMOT'O Ha BHYTPEH-
HIOI0 TIOBEPXHOCTh TPYOONpPOBOAA 3aLIUTHOTO CJIOS
JIOJDKHA OTIPEACIATHCS IMaMETPOM U MaTepHajIoM TPyoO,
a TpebyeMass BO3pacToM TPyO, TONIIMHONH WX CTEHOK
1 (PU3MYECKUM COCTOSTHHEM (CTENEHBIO H3HOCA).

HesHauutenbHOe Cy)XeHHE MPOXOIHOIO CEYCHUS
BOCCTaHABJIMBAEMOI'0 TPyOONPOBOJAa HUBEIUPYETCS
HHU3KIM KO3 PUITIEHTOM [IIEPOXOBATOCTH 3aTBEPICBIICH
[IEMEHTHO-TIECYaHOW CMECH, YTO TO3BOJISICT COXPAHUTh
BBICOKYIO ITPOIYCKHYIO CIIOCOOHOCTH MHOTOCIIOWHON
KOHCTPYKITH TPYOOTIPOBO/IA.

Ha Bcex aramax nmpou3BozCTBa paboT MO TEXHOJIO-
risiM «ApMm-TTaiimy u «Ilai-Apm» BBITTOTHIETCS CTPO-
THI KOHTPOJb 110 KaY€CTBEHHBIM MTapaMeTpaM HCIIOINb-
3yeMBIX MaTepuasoB U obopynoBanus. Taxke Benercs
BHU3YyaJIbHOC U TCICHHCICKIIMOHHOE BHYTPUTPYOHOE
o0ceroBaHKe TPYOOIPOBOA C MOAPOOHOH (HOTO- U BH-
Jeo(pUKcaIel BCeX TEXHOIOTHYECKIX MPOIIECCOB, BIU-
SIFOIIMX Ha Ka4eCTBO BBIITOJTHEHHS PaldoT.

Bce ¢doto- u BHaecoMaTepuanbl TIIATEIBHO aHa-
JU3UPYIOTCA OTBETCTBEHHBIM 3a MPOU3BOJCTBO PadoT,
1 TIPH HEOOXOTMMOCTH BHOCSATCS Ka4ECTBEHHBIE KOPPEK-
THPOBKH, TIPEIBAPUTETHHO COTTIACOBAHHBIE C 3aKA3UHKOM.

PE3VYJIBTATHBI HCCJIEJOBAHUA

B 3ajaun 6a30BBIX pacueToB MO MPUMEHEHHUIO TEX-
Hosoruit «Apm-Ilaitny u «Ilaitn-Apm» 1i1s caHanuu
TPYOOTIPOBOAHBIX CETEil BXOIMIIN BOIIPOCH BOSMOKHOM
SKOHOMMH 3JIEKTPOIHEPTUH TIPU TPAHCIIOPTUPOBKE BOJIBI
0 TpyOOIPOBOLY TTOCIIE pabOT MO €r0 PEKOHCTPYKINH.

Pacyer mpou3BOIUIICS € MCIIONB30BAaHUEM aBTOMa-
TU3UPOBAHHOM IporpamMMsl [§], B aITOPUTM KOTOPOIf 3a-
nokeHa (hopMmya JIIs OIpeieieH sl SKOHOMHHU JIEKTPO-
sHepruu (AE, kBT'4 B TOI) Uepe3 moka3zaTean pacxona
BOzIbI (O, M¥/c), yA€IbHBIX COMPOTHBIICHU COOTBETCTBEH-
HO CTaporo M HOBOTO TPyOONpoOBO/a (Amp, A, M),
3aBHCSIIMX OT BHyTPEeHHEro quameTpa (d, M), koadduru-
enra none3noro aeiicteus (KII/I) HacocHOH ycTaHOBKU
(n“a&ycm), TIPOJOJDKATEIBHOCTH €€ PaOOTHI B 4acax M CyT-

KaX COOTBETCTBEHHO (24 4, 365 cyT) U MPOTSHKEHHOCTH
TpyoonpoBoaa (1, m).

BryTpeHHHnit 1paMeTp cTaporo CTaabHOTO TpyOo-
TIPOBOA TIPUHAT paBHBIM d = 0,7 M, pacXox TpaHCIIOP-
trpyemoit Bomsl Q = 0,392 M3/c, POTSKEHHOCTH TPyOO-
npooza / = 1000 m, KI1/] HacocHO# ycTaHOBKH Myne yeran —
= 0,8. TonmuHa €10 BHYTPEHHETO 3alUTHOTO MOKPbI-
THS U1t 00OMX BAPUAHTOB PEHOBAIMK cocTapisuia 10 MM
(COOTBETCTBEHHO C YYETOM apMaTypHBIX KapKacoB/oOpe-
HIETKH, TOIIUHBI TTOJMMEPHOIO pyKaBa U CaMOYILIIOTHSI-
FOLIUXCSl CMECEH-HAIIOIHUTEIEH ).

BenuumHe! yensHbIX COMPOTHUBICHUH cTaporo (4 )

crap
M HOBBIX (A, ., 4 ) TPyOOTIIPOBOIOB OIPEEIISITHCH
o popMynam:

HOB.AIT

A ap = 0,0017 . d75,1359;

CT:

= . -5,2791.
A, o =0,0007 - d ;A
= . —5,3081
0,0006 - d, .
PacueT BenWYMHBI S5KOHOMUH EKTPOIHEPTHH AE

JUTs 000X BapHAHTOB OCYIIECTBILSIICS 1O 6a30Boil (op-
MyJie:

nos.AIl

AE = [9,81Q°KA .y~ Ay yeran]
x 24 - 365 xkBT'4 B roz.

Hwoke mpencTaBieHbl pe3ynbTaThl pacueTa BeIUInH
YACNBHBIX CONPOTHUBIICHNH 3aIUTHBIX TOKPHITHH IIPH pe-
alu3alMuy aJbTEePHATHBHBIX TEXHOJOTMH PEHOBALMU
JUTSL COOTBETCTBYIOIMX BHYTPEHHUX JIMAMETPOB d TIOCTIe
MPOBEACHUS] PEMOHTHBIX PAa0OT M 9KOHOMHH 3JIEKTPO-
SHEPTUH IPU TPAHCHIOPTUPOBKE BOJIBI MOCIIE PEHOBALH:

* 1o texHonoruu «llaiin-Apm» npu BHyTpEeHHEM
nuameTpe Tpyoonposona d;;, = 0,68 m:

A =0,005362 c*/m®;

HoB.ITA

AE, =[9.810%4_ A 24365 =

p HoB.l'IA) /TlHaC.yCTaH]
=34 006 xBt"u B rox;
* 10 TexHonoruu «Apm-Ilafiny npu BHyTpeHHEM
nuameTpe Tpyoonposona d, , = 0,68 m:

A, ua = 0,004647 c*/mb;

Hi

AE’Al’l = [9’8 1 QSI(ACTap - AHOB.AH)/nHaC.yCTﬂH]
x 24 - 365 =38 627 kBt'u B roz.

Taxum 00pa3oM, HECMOTPS HA CYKEHHUE SKUBOTO Ce-
YEHHSI CTapOro CTAJIbHOTO TPYOOIPOBO/A TTOCIIE PEMOHTA
1 Oaromapst MaoMy KO QHUIIUCHTY YISIBFHOTO COIPO-
THBJICHHS] HOBBIX BHYTPEHHNX TTOKPBITHI, MOXHO JT00UTh-
Cs1 DKOHOMUH 3JAEKTPOIHEPTUU MPU TPAHCHOPTUPOBKE
BOZIBI cOOTBETCTBCHHO Ha 34 006 KBT1'4 B rop (110 TeXHO-
norun «Ilain-Apm») u 38 627 kBt 4 B o1 (110 TEXHOJIO-
run «ApMm-ITaim).

B 10 %€ BpeMs1, npuHUMast yCIIOBUE OTHOCUTEIBHO-
TO PaBEHCTBA 3aTpaT Ha PEMOHTHO-BOCCTAaHOBUTEIIHHBIC
paboTHI Ha CTAIBHOM TPYOOITPOBO/IE albTePHATUBHBIMU
TEXHOJIOTUSIMH, NTPEUMYIIECTBO B IUIAHE MOTCHIHAIb-
HOW SKOHOMHH 3JIEKTPOIHEPTUH MPU TPAHCHOPTUPOB-
Ke BOJIbI UMeeT TexHosorus «Apm-Ilaitm» no cpasBHe-

73

(1G] ¥ HOALIGG ‘L WOL Sty "



rarIMTOnLCTRS: T 14, BbinyCK 4 (54)

B.A. Opnoes, C.I1. 3omkuH, .B. [NTodonsiH

Huto ¢ «llakn-Apm» (AE,  —AE,, = 4621 kB4 B rox
nm 13,59 %).

3AKJIIOYEHUE U OBCYXJIEHHUE

OnucaHa CyIIHOCTb, TEXHWYECKHH MOTEHIIMAI
U YCJIOBHSI MOHTaXa MEPEIOBBIX TEXHOIOTHH OecTpaH-
IICI{HON PEKOHCTPYKIMU BETXUX TPYOOIIPOBOIOB «ApM-
[aiiny u «ITain-Apm».

C wucrnoabp30BaHMEM HHPOPMAIIMOHHO-TTONCKOBOH
ABTOMATU3HPOBAHHON CHCTEMBI IPOBEICH aHAIU3 MPH-
MeHeHus TexHonoruilt «Apm-Ilaim» n «Ilaim-Apm»

JUTSL PCHOBAIIMK BETXOTO CTAJIBLHOTO TPYOOIIPOBO/a, KO-
TOPBIHA TIOKA3all, 9YTO, HApsIAy C pecypcocOepekeHrneM
1 TIOBBIIIICHUEM HECYIIIEH CIToCOOHOCTH TPyOOTIpOBO/a,
BO3MOKHO JIOCTHYb CHIDKCHHS TIOTPEOICHHS 3ICKTPO-
SHEPIUU IIPH TPAHCTIOPTUPOBKE BOIBI ITO TPYOOIIPOBOIAM.
Jna paccmaTpuBaeMoil 4aCTHOM 3a/1a4yu peKOH-
CTPYKIIMH CTApPOro CTaJbHOrO TPYOOIIPOBOIa OIpee-
JICHHOH JJIMHEI, IUaMeTpa U TPAHCIOPTHPYEMOTO pac-
XO0J1a TIPU MCTIOJIF30BAaHIH AJIBTCPHATHBHBIX TEXHOIOTHIA
SKOHOMHUS 3JIEKTPOIHEPTUU Ha TPAHCIIOPTUPOBKY BOJIBI
MOKeT cocTtaBuTh OT 34 006 1o 38 627 kBtu B roa.
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INTRODUCTION

Significant wear and tear of the water supply and
wastewater disposal systems of settlements that have
been in operation for a long time requires prompt reno-
vation and modernization of engineering networks.
The recommended methods of effective rehabilitation
of dilapidated pipelines include trenchless technologies,
which make it possible not only to neutralize the nega-
tive processes of electrochemical and biological corro-
sion, but also to ensure the required level of bearing
capacity of pipeline networks and eliminate leaks [1-3].
Also, the actual issues of reliability of the restored pipe-
line should be on the agenda [4].

This extends the service life of pipeline transport,
and for pressure pipelines creates additional guarantees
of effective reduction of energy costs for transporting
liquids. Trenchless pipeline rehabilitation technologies
minimize the risks of damage (environmental, social
and material), while increasing the reliability of utility
networks and helping to regulate the price issue arising
from their use.

Trenchless repair methods include various types
of operations, protective coatings are applied to the in-
ner surface of dilapidated pipeline networks, which are
classified as sprayed, continuous in the form of pipes
or polymer sleeves, coiled (wound) and local (ban-
dages, etc.) [5, 6]. The tasks of the conducted research
included a set of measures to familiarize with some
promising types of internal protective coatings that al-
low for prompt and economical restoration of pressure
pipelines.

One of the varieties of sprayed renovation technolo-
gies, named “Pipe-Arm” and “Arm-Pipe” respectively, is
presented as a research material.

The essence of the “Pipe-Arm” culvert renova-
tion technology is to restore their load-bearing ca-
pacity by concreting on fixed polymer formwork and
consists of three interrelated technical solutions: instal-
lation of reinforcement frame in the pipe; installation
of polymer protective sleeve in the pipe body; caulking
of the structure, i.e. filling the space between the pipe
body and the polymer sleeve with high-powder mix-
ture [7]. The reinforcement frame consists of metal
longitudinal reinforcement with a cross coiling of com-
posite fibreglass reinforcement, which is not subject to
corrosion. The cage is manufactured at the site of works
and fixed on the inner wall of the pipe being sanitized.

Arm-Pipe culvert rehabilitation technology con-
sists in forming a new pipe from quartz-cement mix-
ture reinforced with special composite material, using
the old pipeline as a case. This method makes it pos-
sible to create a new pipeline in the old one with the re-
quired performance characteristics, including its use in
seismic areas’.

MATERIALS AND METHODS

The method of research is the analysis of techno-
logical operations in the implementation of “Pipe-Arm”
and “Arm-Pipe” renovation technologies, as well as
the calculation of energy cost savings for water trans-
portation before and after the repair works according to
two alternative methods when rehabilitating the pipe-
line of the corresponding diameter and length.

Innovative technology “Pipe-Arm”, developed spe-
cifically for repair and restoration of culverts, has a num-
ber of advantages, which include: elimination of defects
in pipeline systems, preventing the development of new

! Advertising leaflet of LLC MC Innovative Technologies.
2016.
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defects, preventing the destruction of their structures, ex-
tending the service life of pipelines up to 50 years and
more, reducing operating costs, as well as the estimated
cost and timing of repair work, ensuring environmental
safety in different natural and climatic conditions.

As abasis for the protective coating material when im-
plementing the “Pipe-Arm” technology, TECHPOLYMER
Group of Companies presents a polymer sleeve
made of high-density polyethylene according to TU
22.29.29-019-56910145-2019. One side of the sleeve
has a smooth surface with a low roughness coefficient,
the other side is equipped with special anchoring ele-
ments designed for fixing in the monolithic layer of con-
crete (Fig. 1). The space between the polymer sleeve and
the pipe is filled with a special high-margin, shrinkage-
free and self-compacting mixture made on the basis
of mineral binder. This mixture ensures uniform filling
of all voids, securely binding the reinforcement frame
and anchoring elements of the polymer sleeve. The new
structure resulting from the renovation has a high load-
bearing capacity, low hydraulic resistance and resistance
to the negative effects of environment. At the same time,
the maximum usable cross-section of the culvert is pre-
served, as the low roughness coefficient of the polymer
sleeve compensates for the slight narrowing of the open-
ing, which ensures high flow capacity of the renovated
pipeline.

The membrane is fixed to the concrete surface
of the pipe using 1,230 anchor elements per 1 m? of pipe
surface.

“Arm-Pipe” technology serves as an alternative
method of pipeline rehabilitation to “Pipe-Arm”, which
allows localizing such types of damage as corrosion
fouling, abrasion, defects in pipe joints and their dis-
placements, while ensuring full restoration of the bear-
ing capacity of pipelines for various purposes in the di-
ameter ranges from 800 to 2,600 mm (Fig. 2).

The process of pipeline reconstruction by “Arm-
Pipe” method consists of several stages. Firstly, prepara-
tory work is carried out, including excavation of the start
and end trenches, as well as pipeline preparation. Then
the technological seizures are determined depending
on the required length of the hose for supplying the mix-
ture and the power of the mortar pump. Next, a special
polymer batten is applied, which prevents possible de-
structive forces from outside, including the complete
static failure of the old pipe (Fig. 3). The advantages
of such reinforcement, e.g. basalt fibre reinforcement,
are that it does not corrode even if exposed for any
reason. The installation of the purlins was carried out
with the help of a special mobile machine, the design
of which, due to the frame with rollers, allows its use in
a wide range of internal pipeline diameters.

The preparation of cement-sand mix (CSM) re-
quires the preparation of the necessary components. First,
sand must be sieved through a sieve and then stored in
special containers to exclude the presence of foreign ob-
jects. Portland cement must also meet certain standards,
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namely, it must not contain clots and lumps, the density
of the cement test is not more than 27 %, the activity
of radionuclides is not less than 370 Bq/kg in accordance
with GOST 31108-2020. If necessary, mineral additives
may be present in the composition of CSM, but their con-
tent should not exceed 10 % to improve the physical and
chemical properties of the coating.

Sand is also subject to strict requirements regard-
ing its composition and impurity content. For example,

Fig. 1. Fragment of polymer sleeve with anchoring elements
and reinforcement framework on the inner surface of the re-
stored pipeline

Fig. 2. Fragment of the “Arm-Pipe” protective coating applied
to the purlins

Fig. 3. Internal reinforcement of the pipeline with a mesh
(grid) made of composite materials
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the grain size is not more than 1 mm, fractions with
sizes from 0.315 to 0.63 mm must be at least 70 %
of the total mass of sand. Water used for the preparation
of the mixture, should comply with GOST 23732-79
and have a temperature of +10 to +30 °C. The optimum
ratio of solid components (cement and sand) should be
achieved in the range from 1:1 to 1:1:1.2 by volume and
from 1:1.115 to 1:1.338 by mass.

The minimum thickness of the protective layer
applied to the inner surface of the pipeline shall be de-
termined by the diameter and material of the pipes, and
the required thickness shall be determined by the age
of the pipes, their wall thickness and physical condition
(degree of wear).

The slight narrowing of the flow-through cross-sec-
tion of the reconstructed pipeline is levelled by the low
roughness coefficient of the hardened cement-sand mix-
ture, which makes it possible to maintain the high flow
capacity of the multi-layer pipeline structure.

At all stages of “Arm-Pipe” and “Pipe-Arm”
technologies, strict quality control of the materials and
equipment used is carried out. Visual and tele-inspection
of the pipeline with detailed photo and video record-
ing of all technological processes affecting the quality
of work performance is also carried out.

All photo and video materials are carefully analyzed
by the person in charge of the works and, if necessary,
qualitative adjustments are made, previously agreed with
the customer.

RESEARCH RESULTS

The tasks of basic calculations on application
of “Arm-Pipe” and “Pipe-Arm” technologies for sani-
tation of pipeline networks included the issues of pos-
sible energy saving during water transportation through
the pipeline after its reconstruction.

The calculation was performed using an automated
programme [8], the algorithm of which contains a formu-
la for determining the energy savings (AE, kWh per year)
through the indicators of water flow (Q, m%/s), specific
resistances of the old and new pipeline (4 ,, 4, , s/m°),
depending on internal diameter (d, m), the efficiency
of the pumping unit (npum_m”_t), duration of its operation in
hours and days respectively (24 h, 365 days) and pipeline
length (/, m).

The internal diameter of the old steel pipeline was
assumed to be d = 0.7 m, the conveyed water flow rate
0 = 0.392 m?s, the pipeline length /= 1,000 m, the ef-
ficiency of the pumping unit Mo anit = 0.8. The thickness
of the internal protective coating layer for both renova-
tion options was 10 mm (respectively taking into account
the reinforcement cages/trim, the thickness of the poly-
mer sleeve and the self-compacting filler mixtures).

The values of specific resistances of old (4,,) and
new (4 A pipelines were determined according

new PA° newAP)
to the formulas:

Aold =0.0017 —d>"%;

A, =0.0007—d, 57 4

new PA
=0.0006 —d 3%,

The energy savings AE for both variants were calcu-
lated using the basic formula:

AE=[9.810°(4,,,— A4, )"n oum. i) 24—
— 365 kWh per year.

The results of calculating the values of specific re-
sistances of protective coatings when implementing alter-
native renovation technologies for corresponding internal
diameters d after renovation works and energy savings
in water transport after renovation are presented below:

* by “Pipe-Arm” technology at pipeline inner dia-
meter d,, = 0.68 m:

A =0.005362 s*/mS,

new PA
AE‘PA = [98 1 Q3Z(A0/d - Anew PA)/n(pum. um'z)]24 -
— 365 =34,006 kWh per year;
* by Arm-Pipe technology at pipeline inner diame-
terd,,=0.68 m:
A =0.004647 s*/mS,

new PA

newdP

AE‘AP = [98 1 Q31(Auld N AnewAP)/n(pum. unit)]24 -
— 365 = 38,627 kWh per year.

Thus, despite the narrowing of the live section
of the old steel pipeline after repair and due to the low
resistivity coefficient of the new internal coatings, it is
possible to achieve savings of 34,006 kWh/year (using
the “Pipe-Arm” technology) and 38,627 kWh/year (using
the “Arm-Pipe” technology) respectively.

At the same time, assuming the condition of rela-
tive equality of costs for repair and rehabilitation works
on the steel pipeline by alternative technologies, “Arm-
Pipe” technology has an advantage in terms of potential
energy savings during water transportation compared
to “Pipe-Arm” (AE,, — AE,, = 4,621 kWh per year
or 13.59 %).

CONCLUSION AND DISCUSSION

The essence, technical potential and installation
conditions of advanced technologies of trenchless recon-
struction of dilapidated pipelines “Arm-Pipe” and “Pipe-
Arm” are described.

With the use of information-search automated sys-
tem the analysis of application of technologies “Arm-
Pipe” and “Pipe-Arm” for renovation of dilapidated
steel pipeline was carried out, which showed that along
with resource saving and increase of bearing capacity
of'the pipeline, it is possible to achieve reduction of power
consumption during water transportation through pipe-
lines.

For the considered private task of reconstruction
of an old steel pipeline of a certain length, diameter and
transported flow rate with the use of alternative technol-
ogies, the energy savings for water transport can range
from 34,006 to 38,627 kWh per year.
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