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DUEHKA BOJOHENPOHMLAEMOGTH
TWAPOH3ONALMOHHBIX INOHOK

AHHOTauus

BsepeHne. 3paHns M COOPYXEHUS B TOM WU MHOM
CTEeneHn TnofBeprarTcs [eWCTBUIO TPYHTOBbLIX BO.
KoHcTpyKuus fedopmaumoHHOro wsa B 3arny6rneHHon
4acTu 3[aHMA OOSHKHA HaOeXHOo 3alumiiaTs ero oT npo-
HWKHOBEHWS BOJbI N arpeccuBHLIX CPe.
MMOpON30NALMOHHBbIE LLMOHKN OTHOCATCH K MEepBUYHBIM
Mepam 3aLnTbl 6ETOHHLIX U XXeNe306eTOHHbIX KOHCTPYK-
LM, OfHAaKO CTaHOAPTHOrO MeToAa OLUeHKM 3deKTmB-
HOCTM NOJOGHOr0 pofa Marepmanos A0 CUX NOpP He npefd-
noxeHo. B Hay4HOW nuTepaType He[oCTaTO4HO AAHHbIX
O BOAOHENPOHNLIAEMOCTH LLUMOHOK B 3aBUCUMOCTW OT ee
CeYeHUsi N Konnm4ecTsa aHKepos.

Uens. MNpeanoxuTs crnocob OLeHKN BOAOHENpoHuuae-
MOCTU MMAPOLLMNOHOK W ONpefennTs 3aBUCuMoCcTb BOAO-
HEeNnpoHMLAEeMOCTH LLNOHKKU B 6ETOHHOM obpasLe oT ee
LLMPUHBI U KONMYECTBA YMNOTHAOLLMX aHKEePOB.
Marepuans n metogel. B ka4ecTBe 06beKTa UCTbITAHNA
BbIGpanu Ase rupoLLNOHKU PasnmuyHoONn LUMPWHLI U C pas-
JINYHBIM KONMMHYECTBOM aHKEPOB: MMAPOLLINOHKA LLNPUHOWN
240 MM (KONMYECTBO aHKepoB — 4 LUT.); rMOpPOLLNOHKA
LwmpuHon 320 MM (KONMYECTBO aHKepOB — 6 LUT.).

[na vcnbiTaHnin LWNOHKN cBapuiu B BUAE NPsMOYrosib-
Horo napannenenvnena n 3ab6eToHMPOoBaNN C HUXKHEN U
BEPXHEW CTOPOH, TaknMm 06pas3om BHYTpWU cchopmmuposa-
N1 3aMKHYTBLIW OnA BoAbl KOHTYp. Bogy nopasanu npwu
NMOMOLLM Hacoca C 4acTOTHbLIM npeobpasosaresieM fas-
neHws. [laBneHve nogHMManu ctyneHamm no 1 M Bog. CT.
B Te4eHne Yaca [0 06pa3oBaHusa NMPOTeYKN BoAbl.
Pesynetarel. B cnyvyae ucnbitaHusa rugpoLunoHkn Ne 1
npoTeyka npousoLuna npv gasneHun 0,07 MMa. LLnoxka
Ne 2 Bbigepxana 6onbllee AasneHve U npoTtekna npu
0,09 Mrla. MNMpoTevkn B 06OUX Cry4asax NPOU3OLLU MO
NPUMbIKaHMIO LUMOHKN K GETOHY.
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BbiBogbl. Takum 06pas3oM, KOMUYECTBO YMIIOTHAKOLLMX
aHKepOB HanpsMyto BMSAET Ha AaBfieHne Bofbl, KOTOpoe
rMOPOLLMNOHKA CMOXET BblAepXXaTb B YCIOBUSAX peasibHOro
o6bekTa. CTaHgapTHBI METOL onpeaeneHns BOLOHeNpo-
HuuaemocTtn no MOCT 12730.5 ana KOHCTpyKUmn gedhop-
MaUMOHHOrO LBa oKasancs Hea(W(hEeKTNBHLIM BBULY Bbl-
COKOro HayasnibHOro gasnexHus npu ucneitandum 0,2 MMa.
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ASSESSMENT OF WATERPROOFNESS OF
WATERPROOFING KEYS

Abstract

Introduction. Buildings and structures are exposed to
groundwater to varying degrees. The design of the ex-
pansion joint in the deepened part of the building must
reliably protect it from the penetration of water and ag-
gressive environments.

Waterproofing keys are among the primary measures for
protecting concrete and reinforced concrete structures,
but methods for assessing the effectiveness of this kind
of materials have not yet been proposed. Also in the sci-
entific literature there is no data on the water resistance
of keys depending on its cross-section and the number
of anchors.

Aim. To propose a method for assessing the waterproof-
ness of waterproofing keys and to determine the depen-
dence of the waterproofness of a key in a concrete sam-
ple on its width and the number of sealing anchors.
Materials and methods. Two keys of different widths and
with different numbers of anchors were chosen as the test
object: 240 mm wide key (number of anchors — 4 pcs);
320 mm wide key (number of anchors — 6 pcs).

For testing, the keys were welded in the form of a rectan-
gular parallelepiped and concreted on the bottom and top
sides, thus forming a closed loop for water inside. Water
was supplied using a pump with a frequency pressure
converter. The pressure was raised in steps of 1 water
column meter for an hour until water leaks.

Results. In the case of testing of key No. 1, leakage oc-
curred at a pressure of 0.07 MPa. Key No. 2 withstood
greater pressure and leaked at 0.09 MPa. In both cases,
leaks occurred at the junction of the key and the concrete.
Conclusions. Thus, the number of sealing anchors direct-
ly affects the water pressure that the key can withstand in
real-life conditions. The standard method for determining
water resistance according to State Standard 12730.5 for
the construction of an expansion joint turned out to be
ineffective due to the high initial test pressure of 0.2 MPa.

Keywords: building structures, waterproofing, expansion
joints, concrete protection, waterproofing, waterproofing
dowels
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HedopmaumoHHble LBkl B 30aHUAX U COOPYXEHUAX
yCTpamBaloT Ans BOCNPUSATUS BCEBO3MOXHbIX Aecopma-
LM, B TOM YUCE TEMMOBbIX O0cago4HbiX U T. n. [1, 2].
[Mpu aTOM 3aaHUS U COOPYXEHUS B TOW UIX MHOW CTene-
HW noaBeprailTca AENCTBUIO FPYHTOBbIX BOA [3—7].
CnepoBatenbHO, KOHCTPYKUMS AedOpMaLMOHHOro LwBea
B 3arny6neHHON YacTn 3gaHna OoSMKHA HaOeXHOo 3alln-
LLaTb ero oT NPOHNKHOBEHWSI BOAbLI U arPeCCUBHbLIX cpe[.

HomeHknatypa BblNyckaeMbIX B HACTOsLLEEe Bpems
Matepuanos Ans rMgpomsonsauun gedopmMaumoHHbIX
LBOB goctatoyHa wwwupoka. Mo mHeHmio A.A. LWunuHa,
OCHOBHbLIMW MaTepuanamu ynnoTHeHns OedopmMaLmoH-
HbIX LUBOB MarbIX MEpPeMELLEHU CnyXaT repMeTUKu.
B nedopmaumoHHbIX wBax 60blUMX NepemMeLleHni
(6onee 25 %) B Ka4ecTBe YNNOTHEHUA UCMONbL3YIOT Cre-
uunasnbHble NPounK, LLMNOHKU, KOMMPECCUOHHbIE YMoT-
HUTenn. MaTtepmnanomMm Takux YMAOTHUTENEN ABMSAKTCS
CUHTETMYECKME Kay4dyKu (pe3uHbl), nnactuduumpoBaH-
HbIA MONNBUHUAXNOPWUG, NONUSTUAEH BbICOKOW UM HU3-
KOW NfIoTHOCTM M T. . [8].

Haunbonbluee pacnpocTpaHeHue 4ns rmaponsonsaunm
0edOpPMaLMOHHbIX LIBOB MNOAYYMAN MMOPOLLUNOHKN pas-
nnyHoro npocouns [9, 10]. MMAPOLLNOHKN MOHTUPYIOTCSA B
KOHCTPYKUMIO 6yayLiero AedopMaumMoHHOro Lwea ele
00 yKnagkn 6eTOHHOM CMECU U OTHOCATCH K NEPBUYHbBIM
Mepam 3alnTbl GETOHHBLIX N XEene3o6eTOHHbIX KOH-
cTpykumin. OfHaKo B HacTosiLLee Bpems B Poccum oTcyT-
CTBYeT HauWoHanbHbIA CTaHOapT W TpeboBaHWA K
Marepvanam Aansa rugpomsonaumn aedopMaumoHHbIX
LUBOB, a crefoBaTefibHO, U HOpMaTWBHasi OCHOBa Ans
NPUHATMSA NPaBUIbHOIO NPOEKTHOIO peLleHnst C UCNoSb-
30BaHMEM MMAPOLUNOHOK Pa3fIMYHOr0 Ce4YeHus.

BETOH N NENE3BBETON

Tak, Hanpumep, CI 28.13330.2017 [11] pa3peLuaeT
MCnosb3oBaHne rmapoLLUNOHOK, HO He AaeT anropuytMa
X NPUMEHEHUS B 3aBUCMMOCTU OT YPOBHS MPYHTOBLIX
Bof,. O60CHOBaHHO BO3HUKAET BOMPOC: Kakoe AasneHue
BOJbl MOXET BblAepXaTb rmapoLUNOHKa B Te4eHne onm-
TENbHOrO BPEMEHW B 3aBMCUMOCTU OT €e Ce4eHus u
Konm4yecTea aHkepoB?

B HeKkoTOpbIX WCTOYHMKAX WMENTCA [faHHble 06
3hheKTMBHOCTM rMAPOLUNOHOK [12, 13], ogHako y npeg-
NOXEHHON METOAMKM MMETCA HedocTatkm (KopoTkoe
BPeEMS BbIOEPXKM 006pasLoB, HW3KOe [asrfeHve BofAbl
NPV UCMbITAHUAX N MacCMBHan KOHCTPYKLUMA cTeHda ans
ucnbiTaHuin). Metoguka UcnbITaHMA rTMOPOLLINOHKN OOMXK-
Ha y4nTbIBaTb peasibHble YCNoBuUsA AJINTENbHOW 3KCnnya-
Tauum KOHCTPYKUMM OedOopMaumMOoHHOro Lwea B 06BOfA-
HEHHOM COCTOSIHUW, UCMbITAHUA OOMKHbI Nerko BOCMpPO-
U3BOAMTLCA B MUCMbITaTeNbHbIX naéopaTopusx (CTeHd
JOSXeH 6bITb YA06EH B U3rOTOBMIEHWM), AaBNeHne BOAb!
JOIMDKHO MOAHMMATLCA [0 TeX Nop, Nnoka He npownsonget
npoTeYKa B COMNPSXKEHUN «6ETOH — rMOPOLLMOHKA».

Lienb nccnepoBaHusa — NpeffioXunTb CNOCO6 OLEHKU
BOJOHENPOHMLIAEMOCTU TMOPOLUMOHOK W OMNpefenuTb
3aBUCMMOCTbL BOAOHENPOHMLIAEMOCTU LLINOHKN B GETOH-
HOM o6pasLe OT ee LUMPUHBLI U KONMYeCTBa YMoTHA-
LLINX aHKepoB.

B kauyecTBe o06beKkTa MCNbITAHUA BblGpanu e
rMOPOLUNOHKN PasfiyHOW LUMPUHBI N C PasfinyHbIM
KOJSIN4ECTBOM aHKepOB:

— rMMAPOLLMNOHKA LUMPUHON 240 MM (KONM4ECTBO aHKe-
poB — 4 LWT.), BHELWHAs CcTopoHa rnagkas (puc. 1).
leomeTpuyeckmne pasmepsl ykasaHol B Tabn. 1.

1 |
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Puc. 1. lMpogpunb ncronb3yemont rugpoLLnoHKN
Fig. 1. Profile of the waterproofing key used
Ta6bnuua 1
Table 1

Pa3mepb! WnoHku N2 1, ucnonb3yemMom npu UcnbITaHUAX
Dimensions of key No. 1 used in tests

O6Las wuprHa

LLinpuHa pactsrue.

TonwwmHa pacTarus.

BbicoTa BHyTpeHHero

BbicoTa BHeLUHero

O6LLee Kon-Bo

4Yactm yactm aHkepa aHkepa aHKepoB
a b c £ f, N
240 mm 90 Mm 3 MM 20 mm 24 Mm 4 MM
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Puc. 2. [Mpoghnrib Mcrionb3yemont rugpoLLNnOHKN
Fig. 2. Profile of the waterproofing key used

Ta6bnuua 2
Table 2

Pasmepb! WNOHKKU N2 2, ncnonb3yemMon npu UCNbITaHUAX
Dimensions of key No. 2 used in tests

O6Lwas WrpuHa LLivpuHa pacTtarve. Yactu

TonwwmHa pacTarme.

BbicoTa aHkepa O6LLee KON-BO aHKEPOB

yacTu
a b f N
320 mm 100 mm 4 MM 25 Mm 6 MM
Ta6bnuuya 3
Table 3
TexHUYeckne XxapaKTepPUCTUKU LLUMOHKU AN UCTbITaHUN
Technical characteristics of the test key
. 3Ha4yeHne nokasarenemn MeTogpbl
HanmeHoBaHve nokasartenemn o
ncnbiTaHmMn

-30 °C

| +20°c | +70°C

Martepuan LnoHku

MnacTndrumMpoBaHHbIN HUTPUBHBIM Kay4yKoMm

NOSIMBUHUNXITOPUA,
OTHOCUTENBHOE YANUHEHME NpK paspbiBe, %, HE MeEHee 450 500 550 FOCT 11262 [14]
YcnosHasa NpoyHOCTL npu paspbiee, MlMa, He MeHee 15,0 15,0 13,0 FOCT 2678 [15]
ConpoTuBneHve pasgupy, Krc/cm, He MeHee - 20 - FOCT 2678 [15]

"'MbKOCTb Ha 6pyce ¢ 3aKpyrneHHbIM paguycom (5 + 0,2) MM

Ha noeepxHOCTM 06pas3LoB TPELLMHbLI He 06Pa3yoTCs

FOCT 2678 [15]

Bopgonornouienune, %, He 6onee - | 0,3 | -

FOCT 2678 [15]

— F’MAPOLLUMOHKA LUMPUHOM 320 MM (KONNMYECTBO aHKe-
poB — 6 LUT.), BHELLHASA CTOPOHA rnagkas, LueHTpasnbHas
KOMMEHCaLUMOHHOWM YacTb B BUAE TPyO4ATOro anemMeHTa
(puc. 2). FeomeTpryeckme pa3mepbl yKkasaHsl B Tadn. 2.
TexHn4yeckmne xapakTepuUCTUKM 06enx LLUMOHOK yKasaHbl
B Tabn. 3.

OuyeBnaHO, YTO MaTepuar, n3 KOTOporo N3roTOBMEHbI
rMOPOLLUMNOHKK, caM Mno cebe He nponyckaeT BoAdy, npak-
TUYECKOW 3HAYMMOCTM B ONpefefieHn ero BogOHEeNnpo-
HULAEeMOCTUN HeT. Bbonbluni MHTEpec BbI3biBAET BOLO-
HEMpPOHNLAEMOCTb MAPOLLMOHKM MpU  COBMECTHOM
paboTte ¢ 6eTOHOM. IMEHHO NpUMbIKaHWe K GeTOHY, a
Takke MecTa CcoeaMHeHUs (CTbIKOBKWM) TMOpPOLUMOHOK
6ynyT Hanbonee cnabbiMy NPY AENCTBUN FPYHTOBLIX BOA.

Ona wvcnbiTaHWA rMOPOLLNOHOK WM3rOTOBMNK Creuu-
anbHble CTeHObl, UMUTUPYIOLLME PaboTy LUMOHOK Ha
peanbHOM 06bekTe. CBapunu LUNOHKW B BUAE MPSMOY-
ronbHoro napannenenvnena (puc. 3) n 3abeToHMpoBanu
C HWKHEN U BEpXHEW CTOPOH, TakuM 06pa3oM BHYTpU

chopmumpoBanu 3aMKHyTbIN s BoAbl KOHTYp. [o 6eTo-
HUPOBaHWA BEPXHEW YacTu BHYTPb CTeHAa NMOMecTunv
NAOTHYHO Ty6Ky TonwmHon 50 mMm. O6xatne 6eTOHOM
LLUMOHOK C BHELLUHEN CTOPOHbI COCTaBUIIO HE MeHee 5 cM
(puc. 4). Cxema cTeHga Ans UcnbiTaHWA NpeacTaBneHa
Ha puc. 5 1 6.

Mpn 6eTOHMpPOBaHNN UCMNONb30BaSIN 6ETOHHYIO CMECH
C Mapkon no BogoHenpoHuuaemoctn W6 1 knaccom no
NPO4YHOCTM Npun cxaTumn B25. Nocne n3rotoeneHns cTex-
Ja Bblepxanu ero B kKamepe HopMasibHOro TBepaeHus B
TeyeHue 28 CyTOoK, 3aKpenunu WwTyLep ons noga4qv sogbl
W NPUCTYNUIN K UCMbITAHUAM.

Bomy B cTeHgbl mogaesanv mpu NomoLM Hacoca C
4acTOTHbIM npeobpasoBaTenem paBneHns. KoHTporb
JaBneHns OCYLLEeCTBANM Npu NOMOLUM MaHomeTpa
(pwuc. 7). DaBneHne nogHumanu ctyneHsmm no 0,01 Mla,
unm 1 M Bog. CT., 40 06pa3oBaHMs NPoTeYKM Boabl (puc. 8).
Ha kaxpgown cTyneHu Bblgepxusanu B TedeHue 1 yaca.
Peaynbrathl ncnbiTaHWM CBeAEHbI B Tabh. 4.
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Puc. 3. O6pasey LinoHkn N2 1 nepes 6eToHUpoBaHuem Puc. 4. CteHab! Ansi uCrbITaHuid ry[poLUNOHOK
Fig. 3. Sample of key No. 1 before concreting

Fig. 4. Test benches for waterproofing keys testing
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Puc. 5. Cxema cteHga ansa venbitaHui rugpoLunoHkm Ne 1

Fig. 5. Diagram of the test bench for the waterproofing key
No. 1 testing

Puc. 6. Cxema cTeHpga ansa ucrnbiTaHui rugpoLunoHku N 2

Fig. 6. Diagram of the test bench for the waterproofing key
No. 2 testing

A
Puc. 7. MaHomeTp A5151 KOHTpOs fasneHust Puc. 8. Mecto npotey4kun. [NpuMbikaHue LLUMOHKN K 6ETOHY
Fig. 7. Pressure gauge for pressure monitoring Fig. 8. The place of leakage. The connection of the key to the concrete

Ta6bnuua 4
Table 4
Pe3ynbTatbl MCNbITAHUI MaTepuanoB gns rmaponsonsaumm aecopmMaLnoHHbIX LUBOB

Test results of materials for expansion joints waterproofing
OueHvBaeMbIli NokasaTtenb

M'mpopownoHka Ne 1 'mpopownoHka Ne 2
(@ =240 mm, N = 4 wr.) (@ =320 mm, N = 4 wr.)
[aBneHne BoAbl, NPy KOTOPOM NPOM30LLSIa NpoTeyKa 0,07 MMNa 0,09 MMNa
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Takum 06pa3oMm, aKCnepuMeHTanbHoO Gbiia onpene-
nieHa BOOOHENPOHULAEMOCTb MMAPOU30NALNOHHbBIX LLIMO-
HOK B YCNOBUSX, MPUBNINXKEHHBIX K YCIIOBUSIM peasibHOro
o6bekTa. B cnydae wucnbitaHusa rvapolinoHku Ne 1
(@ =240 mm, N = 4 WIT.) NpoTe4ka npouaoLuna npu gas-
neHun 0,07 MMa. WnoHka Ne 2 (a = 320 mm, N = 6 wwT.)
Bblaepxana 6onbllee [aBfeHWe W npoTekna npu
0,09 Mra. MNpoTeykn B 06OUX CRyvasx NPOU3OLLAM MO
NPUMbIKAHUIO LUMOHKM K 6eTOHYy. CTaHoBUTCA o4eBua-
HbIM, YTO KONMYECTBO YMIOTHSAIOLLMX aHKEPOB HaNpPsSMYHO
BNAET Ha AaBfieHve BOAbl, KOTOPOE rMapoLUNOHKa CMO-
XET BblAepXaTb B YCNOBUSAX peanbHOro 06beKTa.

[Mpu 3TOM cTaHgapTHLIN MeTon onpefesieHns BOOO-
HenpoHuuaemocTtn no FOCT 12730.5 [16] Ana KOHCTPYK-
unn gecopMaumoHHOro LBa oKasancs HeaddeKTus-
HbIM BBMAY BbICOKOrO Ha4anbHOro AaBfieHUs NPU UCTbI-
TaHun 0,2 Mlla. lNpn TakoM [aBneHUM MNPOUCXOLAT
6bICTpble AedhopMaumm NONUMEPHBLIX MMOPOUN3ONALMOH-
HbIX MaTepuasoB 1 1UX BbIpbIB U3 Tena 6eToHa.

MMony4eHHble NpWY UCNbITAHUAX [AaHHbIe nocnyxar
OCHOBOW ANs pa3BuUTNs HOPMAaTMBHOM AOKYMEHTauum no
3aLmTe KOHCTPYKUWA OT NPOHUKHOBEHUS BOAbI U arpec-
CVBHbIX Cpef, a cnefosaTenbHO, W AN NOBbILLUEHUS
HaOEeXHOCTU 30aHUI U COOPYXEHUI B LIESIOM.

Cnucok nutepartypbl

1.  Bongpxux ®. [JedopMauMOHHbIe LWBblI B KOH-
CTPYKUMAX Ha3eMHbIX 3gaHuit. lNep. ¢ yewckoro. Mockea:
Crtponuagart, 1978. 224 c.

2. Tony6aesa J1. TeXHNKO-3KOHOMUYECKUIA aHanNn3
ucnonb3yemMblX MaTepuanoB Afs PEMOHTHbIX paéoT
nedopmaumoHHbix weoe // COLLOQUIUM-JOURNAL.
2020. Ne 2-2 (54). C. 189-193.

3. bapawkosa IN.C. Mapounsonsuus nogsanos ot
FPYHTOBBLIX BOA W KanwunmnsipHoW Bnaru // AKTyasibHbie
rnpo6sieMbl ryMaHUTapHbIX N eCTeCTBEHHbIX Hayk. 2016.
Ne 9-1. C. 245-247.

4. Tyxapenun B.0., Tyxapenun A.B., laébnua A.A.
CoBpeMeHHble TEHOEHLUMM pa3BUTUSA TEXHOSIOTUIA rMapO-
N30MSALMKN 30AaHWUN U COOPYXXEHUN // VIH)XeHepHbINi BeCT—
HuK [JoHa. 2017. Ne 3 (46).

5. CebicoeB A.K. JonroBe4HOCTb XXeNne306eTOHHbIX
WU MeTann4yecknx KOHCTPYKUMA NOO3EMHOro COOpyxXe-
HUs /| UHxeHepHbiti BecTHuK [oHa. 2019. Ne 1 (52).

6. 3apybuHa J1.I. Tvppom3onaums KOHCTPYKLWNA,

30aHui n  coopyxeHun. CaHkT-MNeTtep6ypr: BXB-
MeTepbypr, 2011. 272 c.
7. EpemuH 0O.A., MnasngnHoBa H.B.

OhdhekTUBHbIE CNOCO6LI TMAPOUIONALUN PYHOAMEHTOB
W NOQ3EMHbIX COOPYXeHWI // [pobrieMbl CTPOUTENTLHOMO
rpom3BOACTBA U YNPaBeHUs1 HEABWXXUMOCTbI0: CO60PHUK
Hay4HbIx ctater V MexagyHap. Hay4q.—npakT. KOH.»,
27-28 Hos6psa 2018 r. Kemeposo: PIBOY BO «Kysbac.
roc. TexH. yH-T um. T.®. NopbayeBa», 2018. C. 54-57.
8. LWwunun AA., 3anueB WN.A., 3onotapes UN.A,
Nanngesckas O.b. Mopounsonaumsa NoA3eMHbIX 1 3arny-
61EHHbIX COOPYXEHUA NpWY CTPOUTENLCTBE U PEMOHTE:

YuebHoe nocobue. Teepb: Pycckas Toprosasi mapka,
2003. 396 c.

9. Hohman R. Elementewinde im druckenden
Grundwasser. Stuttgart: Westermann Druck Zwickau
GmbH, 2016, 445 p.

10. TpuropbeBa A.B., CypHuHa E.K. CoBpemeHHble
rMOPON30NALMOHHbIE MaTepuanbl, NPUMEHSEMbIE B TOH-
HenecTtpoeumn // Ponb onopHoro BY3a B pasButum
TPaHCropTHO—3HEPreTUHECKoro komrexkca CapaToBCKOM
obnact (TPAHCOHEPIOKOM-2018): C60pHUK Hay4—
HbIX TpyAoB rno matepuwanam Bcepoccuvickont Hay4yHoO-
rpakTn4eckon koHgpepeHuymm. Tom 1. 2018. C. 294-297.

11. CIl 28.13330.2017. 3awmta CTpOUTENbHbIX
KOHCTPYKUUIA OT KOPpO3un. AKTyannanmpoBaHHas pefak-
ums CHwul 2.03.11-85.

12. Ubi6eHko A.B. VccnepoBaHne BogoHenpoHuLa-
€MOCTU FrepMETUYHBLIX CEKLUIN MMAPOM30NALNN N3 NONn-
MEpPHbIX MeM6paH W rnapoLUnoHOK // ®dyHAaMeHTsI.
2021. Ne 1 (3). C. 72-75.

13. BacunbeB A.B., CaBBateeB B.A., ®omunH H.U.,
AHTMNMH B.B. WcnbiTaHusa meTannmyecknx rMgpoLuno-
HOK [ONA FMAPOU3ONSALUUM TEXHONOMMYECKMX LIBOB //
UsBecTtna By3oB. WHBecTuumn. CTpoUTENbCTBO.
Hensmxumocts. 2023. T. 13. Ne 2. C. 227-238.

14. TOCT 11262-2017 (ISO 527-2:2012).
Mnactmaccbl. MeTog ucnbiTaHma Ha pacTsKeHME.

15. TOCT 2678-94. Martepuanbl pyrOHHbIE KpO-
BeJIbHblE N TMAPON30AALMOHHbIE. MeToabl UCMbITAHUIA.

16. IOCT 12730.5-2018. beToHbl. MeToabl onpefe-
NIEHMA BOOOHENMPOHULLIAEMOCTN.

References

1. Voldrzykh F. Deformation seams in structures of
ground buildings. Translated from Czech. Moscow:
Stroyizdat Publ., 1978, 224 p. (In Russian).

2. Tolubaeva L. Technical and economic analysis
of materials used for repair of deformation joints.
COLLOQUIUM-JOURNAL. 2020, no. 2-2 (54), pp. 189—
193. (In Russian).

3. Barashkova P.S. Waterproofing of basements
from groundwater and capillary moisture. Actual problems
of humanities and natural sciences. 2016, no. 9-1,
pp. 245-247. (In Russian).

4. Tukhareli V.D., Tukhareli A.V., Gablia A.A.
Modern trends in the development of the technology of
waterproofing of buildings and structures. Ingineering
jJournal of Don. 2017, no. 3 (46). (In Russian).

5. Sysoev A.K. Durability of reinforced concrete
and metal structures of wunderground structure.
Engineering journal of Don. 2019, no. 1 (52). (In Russian).

6. Zarubina L.P. Waterproofing of constructions,
buildings and structures. Saint Petersburg: BHV-St.
Petersburg, 2011, 272 p. (In Russian).

7. Eremin D.A., Gilyazidinova N.V. Effective
methods of waterproofing of foundations and underground
structures. Problems of construction production and real
estate management: Collection of scientific articles of the

47



Hay4yHo-TexHM4Yeckuit XypHan

V International Scientific and Practical Conference”,
November 27-28, 2018. Kemerovo: T.F. Gorbachev
Kuzbass State Technical University, 2018, pp. 54-57.
(In Russian).

8. Shilin A.A., Zaitsev |LA., Zolotarev I.A.,
Lyapidevskaya O.B. Waterproofing of underground and
deepened structures during construction and repair:
A textbook. Tver: Russian trademark, 2003, 396 p.
(In Russian).

9. Hohman R. Elementewiande im druckenden
Grundwasser. Stuttgart: Westermann Druck Zwickau
GmbH, 2016, 445 p.

10. GrigorievaA.V., Surnina E.K. Modern waterproofing
materials used in tunneling. The role of a reference
university in the development of the transport and energy
complex of the Saratov region (TRANSENERGOCOM-
2018): A collection of scientific papers based on the
materials of the All-Russian Scientific and practical
conference. Vol. 1, 2018, pp. 294—-297. (In Russian).

11. SP 28.13330.2017. Protection against corrosion
of construction. Updated version of SNiP 2.03.11-85.
(In Russian).

12. TsybenkoA.V.Investigation ofthe waterproofness
of hermetic sections of waterproofing made of polymer
membranes and waterproofing keys. Foundations. 2021,
no. 1 (3), pp. 72-75. (In Russian).

13. Vasilev A.V., Savvateev V.A., Fomin N..,
Antipin V.V. Testing of metal waterproofing keys for
waterproofing tack welds. /zvestiya vuzov. Investitsii.
Stroitel'stvo. Nedvizhimost’ = Proceedings of Universities.
Investment. Construction. Real estate. 2023, vol. 13, no. 2,
pp. 227-238. (In Russian).

14. State Standard 11262-2017. Plastics. Tensile
test method. (In Russian).

15. State Standard 2678-94. Rolled roofing and
waterproof materials. Methods of testing. (In Russian).

16. State Standard 12730.5-2018. Concretes.
Methods for determination of water tightness. (In Russian).

48

BETOH N NENE3BBETON

NHcbopmaumsa o6 asTopax /

Information about the authors
Hukunta Uropeeny ®OMMH, KaHO. TEXH. HAYK, OOLEHT,
3aBenyomii kagpegpon NMrCudH, gupektop UHcTuTyTa
CtpoutensctBa u Apxutektypbl, ®FTAQY BO «VYpdY
umeHn nepsoro [lMpesupgeHta Poccun B.H. EnbunHa»,
EkaTepuHbypr
e-mail: ni.fomin@urfu.ru
Nikita I. Fomin, Cand. Sci. (Engineering), Associate
Professor, Head of the Department of PGSIEN, Director
of the Institute of Construction and Architecture, Ural
Federal University named after the first President of
Russia B.N. Yeltsin, Ekaterinburg
e-mail: ni.fomin@urfu.ru

EsreHun MaBnosuy I'Iomasxm-l@, MarnmcTpaHT
WHctuTtyTa Ctpountensctea n Apxutektypbl, DrAQY BO
«Yp®Y umeHn nepsoro [lpesmpeHta Poccun

B.H. Enbumna», EkatepuHoypr

e-mail: pomazkin-urfu @mail.ru

Evgeniy P. Pomazkin"’, Master student of the Institute
of Construction and Architecture, Ural Federal University
named after the first President of Russia B.N. Yeltsin,
Ekaterinburg

e-mail: pomazkin-urfu @mail.ru

OeHnc Ba4dyecnasoBu4 banakuH, TexHMYECKUA ONPEK-
Top, OO0 «I'K «[leHeTpoH», EkaTepuHbypr

e-mail: denis @ penetron.ru

Denis V. Balakin, Technical Director, LLC “GC “Penetron”,
Ekaterinburg

e-mail: denis @ penetron.ru

Bnapucnae Cepreesu4 CbicoeB, TexHonor, OO0 «K
«[leHeTpoH», EkaTepuHbypr

e-mail: svs@penetron.ru

Vladislav S. Sysoev, Technologist, LLC “GC “Penetron”,
Ekaterinburg

e-mail: svs@penetron.ru

& ABTOp, OTBETCTBEHHbIN 32 nepenncky / Corresponding
author





