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MAPI'APAH APAM APMEHOBUY

PA3PABOTKA HOBOM TEXHOJIOT MU T'UJIPOU30JIAIIMA BETOHHBIX
M KEJIE3OBETOHHBIX OB/IEJIOK TOHHEJEN HA OCHOBE
IMPOHUKAIKOIIUX MATEPUAJIOB

PE3IOME

Tuapousonsinivs TOHHENEH paccMaTpUBACTCA KaK BakHas MpoOiieMa, Kak BO
BCEM MHpE, TaK U B ApMEHHUH, IIOTOMY, YTO OTCYCTBHE BIIQ)KHOCTH SBJSIETCS 3a7I0TOM
MPOYHOCTH H JONTOJETHS COOPYKCHHUS.

3a mociegHHME TOABI 3a CYET CPEJICTB MPEIOCTaBICHHBIX KakK M3
rocyapCTBeHHOTO  Oro/pkeTa  PecmyOnukun  ApMmeHus, Tak ©  Pa3IMYHBIX
MEXIYHApOJHBIX OpPTaHU3AIHA, POBOIATCS pabOTHI MO MPOSKTHPOBAHUIO HOBHIX U
PEKOHCTPYKLUHMU CTapbiX TOHHeNeW. [IlpuHuMas BO BHUMaHHME OIPAHHUYEHHOCTH
JIOCTYIIHBIX CPEJCTB, OCOOYI0 Ba)XHOCTb MPUHUMAET UX IIeJIeBOE HCIOJIb30BaHUE,
Yero MOXHO JOCTHYh TIOCPEICTBOM NPUMEHEHHS W BHEAPCHHA HOBBIX
TEXHOJIOTHIECKUX TOJXOIOB.

HpOHI/IKaIOHII/Ie Marepualibl HCIIOJB3YEMBIC B THUAPOU3OJIALNU, TIO3BOJAIOT
OCYILIECTBIIATh THIPOU3OJNIMIO TOHHENEH Ha BBICOKOM YpOBHE, JIETKH B
NPUMEHEHWH, a TaK JKe HMEIOT psI Ipyrux mnpeumymiects. Hapsmy c atumu
MNpeuMymeCcTBaMu, 3T MaTCpUuaJibl OTINIAIOTCA Tpe60BaTeHLHOCTBIO 10 OTHOLLICHUIO
K TEXHOJIOTMUECKHUM MPOIIECcaM TUIPOU3OJISAIINY.

OCHOBHOW WENbI0 JUCCEePTAlldN SBISIETCS pa3padOTKa TaKOW TEXHOJOTHH
MpOBENEHUsT pPaboOT MO THIPOU3ONSAIMH TOHENBHBIX KOHCTPYKIMHH, KOTOpas
MO3BOJIUT YCOBEPIICHCTBOBATh TUAPOM3OIALNI0 OETOHHBIX OOJENIOK, CHHU3UTH
pacxomel UIS Ha OCYIIGCTBICHUS pabOT, a TakKe CHU3UTh COKPAaTUTh
MPOJIOJDKUTEIBHOCTE 3TUX paboT. B pesynbraTe mpoBemeHUS HCCICNOBAHUIN ObUIH
ONPECACIICHBI ONTUMAJIBHBIC KOJMYCCTBA COBMECTHO IMPUMEHAECMOIO ITPOHUKAIOLICTO
THIPOU3OJSAIMOHHOTO pacTBOpa ¥ CHJIAH/CHJIOKCHHOBOH OSMYIBCHH, KOTOPHIE
TapaHTHPYIOT HauOoJilee BBHICOKUE IMOKA3aTeIN BOJOHENPOHENAeMOCTH cMecH. bpun
BBISIBJICHBl KOJIMYECTBEHHBIE 3HAYEHUS! CHIDKEHUS BOJOHENPOHUIAEMOCTU CMECH,
TMMOJTYYCHHBIC pu COBMCCTHOM TMPUMEHCHNHU OIITUMAJIBHOTO KOJIN4YECTBA

IMPOHUKAIOIIETO THAPOU3OTAUOHHOTO pacTBOpa U CHJIaH/CHIIMKCOHOBOM OMYIJIbCHH, a
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TaKoke OBLIO OINpEJeIeHO BpeMs, Hy)KHOE JiIs (OpMHPOBaHMS TMAPOU3OISLUOHHBIX
CBOWCTB CMECH, NMOJIYICHHOW COBMECTHBIM ITPUMEHEHHEM ONTUMAIIFHOTO KOINYEeCTBA
MPOHHUKAOMIETO THAPOM30SIIIHOHHOTO PAcTBOPA M CHIIAH/CHIIMKCOHOBOH SMYJIBCHU.
Bblna Taxoke mpesiokeHa TeXHOIOTUsl 00paboTKH OETOHa ¢ IIOMOILBIO JAHHON CMECH.

PesynpraTthl 1a00paTOpHBIX HCCIIEOBaHUI, HPOBEAECHHBIE IIPU COBMECTHOM
NPUMEHCHUN TPOHUKAIONINX THUAPOW3OJAIMOHHBIX CMECeH © JKHUAKOCTH Ha
CUIIMKATOBOM OCHOBE, MO3BOJWIM pa3paboTath Oosiee 3PQeKTHBHBIE U TIYOOKO
NPOHUKAIONINE THAPOU3OIATOpHl. [l umccienoBaHuMi  ObIIM  MCIIOJIB30BaHBI
JNEHCTBYIOIIAE  METOOBl  JIADOPATOPHBIX  HWCCIENOBAaHWM,  OINpENeNeHHBIE U
YCTaHOBJICHHBIE TOCYNApCTBEHHBIMH CTaHAApTaMU W JAPYTUMH HOPMATHBHBIMU
JOKyMEHTaMH, a TaK)Xe€ COBPEMEHHBIE TEOPETHYECKHE OCHOBBI THIPOHM3OJISILIHH
TOHEJBHBIX 00/IETIOK.

Juis pasHBIX KJIacCOB OETOHOB OBLIM OIIGHEHBI KOJMYCCTBEHHBIC 3HAUCHUS
TyOUHBI IPOHUKHOBEHHS BOJIBI U1 OCTOHHBIX 00pa3IioB 00pabOTaHHBIX PACTBOPOM,
HOJTy4eHHBIM COBMECTHBIM NPUMEHEHHUEM ONTHUMAJIEHOTO KOJINYEeCTBa
CHUJIaH/CHIIOKCaHOBOH 3MYIIECHH M POHUKAIOUIETO THAPOU3OILIIIHOHHOTO MaTepHaa.
Hanpuwmep, nms 6etoHa ximacca B30 riryOuHa BOTONPOHUIIAEMOCTH CHIDKAeTCS Ha
42% 1o cpaBHeHHIO ¢ HeoOpaboTaHHBIM 00pa3loM OeToHa, a JJsi OETOHOB Kilacca
B25 u B15 cootBerctBenHO 40 1 35%.

ITocme mONyYeHHS YIOBIECTBOPHUTENBHBIX pPE3YyJIbTaTOB B Ja0OPATOPHBIX
YCIIOBUSIX, Obla TaKke pPacCMOTPEHa AKOHOMHMYECKash CTOpPOHa MNpoONeMbl, JUis
BCECTOPOHHEIr0 OXBaTa BONpPOCAa M BBISCHEHHS IEIECO00Pa3HOCTH IPUMEHEHHS
MPENIOKEHHOTO METO/1a Ha TIPAKTHKE.

Jis monmydeHHss OTBETa Ha O3TOT BOIPOC, OBUIM IPOBEACHBI PacyeThl s
THAPOU30JSIIMK HAa TpHUMepe CYIISCTBYIOIEH KOHCTpYKIMH — TOoHHens CeBaH-
Jummxan. [IpuHnmas BO BHUMaHKE, YTO TOHHENb UMEET JJIMHY OKOJIo 2257 MeTpoB,
BEICOTY 5 METpPOB M IIMPHHY 8 METPOB, IOJNy4aeM, YTO €r0 BHYTPEHHSS IDIOMIATh
cocraBisier 0k0710 41000 Mm% TToMb3ysich TaHHBIME IPUBEICHHBIME B JUCCEPTALIHH,
MOJy9aeM, 9TO PacxoJ Ha MaTepHajbl Ha eIUHMILY IUIOMAAN COCTaBHT 4.65 nommapa
CIIA, uro mnsa TouHens CeBaH-J{wimxkan B oOmielt cioxxHoctd coctaBut 190000
nomnapa CIHA. C ydetom pacxoJoM Ha mpoBeaeHue pabor B pasmepe 20000
mommapoB CHIA, momyuum, 5To 00mas CTOMMOCTH TIPOBEACHHSA pPabOT 1O

runpousossun coctaBut 210000 mommapos CHIA.
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MARGARYAN ARAM ARMEN

DEVELOPMENT OF CONCRETE AND REINFORCED
CONCRETE TUNNEL LINING WATERPROOFING
BASED ON PENETRATING MATERIALS

SUMMARY

Waterproofing of tunnels is an important issue in many countries including
Armenia, as the absence of moisture in the tunnel lining is a precondition of stregth
and longevity of the structure.

In recent years many projects related to designing of new tunnels and
reconstruction of the existing ones are carried out with finding allocated from the state
budget of the Republic of Armenia as well as investments provided by various
international organizations. Taking into consideration limited funding available for
these projects, the proper and targeted use of funds is becoming crucial and can be
addressed by developing and introducing new technological approaches.

Penetrating materials used for waterproofing allow to ensure impermeability of
tunnel’s lining and are applied easily, as well as offer additional advantages. In the
meantime application of these materials sets rigorous requirements with respect to
technological processes of waterproofing.

The main aim of this thesis is to develop a technology for implementation of
tunnel waterproofing works, which will allow to improve waterproofing of concrete
lining, cut labor costs, as well as reduce the duration of works. In the outcome of tests
the optimal quantities of penetrating waterproof mortar and silan/siloxane emulsion in
waterproofing mixture were defined, which allow to provide the best waterproofing
results. The quantitative values of reduction of mixture’s water permeability, while
applying the optimal amount of penetrating waterproof mortar and silan/siloxane
emulsion, were obtained. The time period required in order to set the waterproofing
characteristics of mixture obtained while applying the mixture of penetrating
waterproof mortar and silan/siloxane emulsion was also revealed. Moreover, the
technology of concrete lining treatment with penetrating waterproof mortar and
silan/siloxane emulsion mixture was proposed.

Based on the results of laboratory tests obtained during joint application of
penetrating waterproofing mortar and the silicate-based liquid allowed to develop
more effective and deeper penetrating waterproofing materials.
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The laboratory tests were carried out in compliance with existing methods set by
state standards and other normative documents, as well as modern theoretical
approaches related to waterproofing of tunnels linings.

Quantitative values of water penetration depth were assessed (estimated) for
various concrete samples, cultivated with mixture of penetrating waterproof mortar
and silan/siloxane emulsion. For example, water permeability depth of B30 concrete
is decreased by 42% in comparison with raw concrete sample, and for B25 and B15
concretes it is accordingly decreased by 40 and 35%. According to State Standard
12730.5 as a result of conducted experiments it turned out that water permeability
reaches W16 for B30 concrete.

In experimental method it turned out, that total volume of porosity in concrete
samples, that were cultivated with mixture of penetrating waterproof mortar and
silan/siloxane emulsion, is decreasing 20...25% in comparison with raw B30
concrete.

Following the receipt of satisfactory results in laboratory, the economic aspect
was considered in the order the ensure comprehensive investigation of the problem
and define feasibility of application of proposed method in practice.

In order to clarify the above issue the calculations were made on the example of
waterproofing an existing stucture — Sevan-Dilijan tunnel. Taking into consideration
that the tunnel length comprises 2257 meters, height of the tunnel equals to 5 meters
and width of the tunnel is 8 meters the total area of the surface of tunnel would be
around 41000 square meters. Using data from dissertation we will obtain that
expenses for materials for one square meter would equal to 4.65 US dollars, thus the
total cost for materials for the whole Sevan-Dilijan tunnel would comprise 190000 US
dollars. Taking into account the expenses required for implementation of works in
amount of 20000 US dollars, we obtain that the total cost of the waterproofing works
would comprise 210000 US dollars.
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