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 HanmoHaJbLHBIH HCCaeT0BATeILCKHIT MOCKOBCKHT roCy1apCTBEHHbI! CTPOUTEIbHBII YHUBEPCUTET

AHHOTANUA

Ilpedcmasinen no0Xo0 K NOIYHEHUIO CAMOYIIOMHSIOWE20CS. MOKONPOBOOsue20 OemoHd HOPMAbHO20 MEEPOeHUsL HA OC-
HO8e NOPMIAHOYEeMEHMA, NOJYHAeMO20 COBMECIHbIM 86e0eHUeM MeXHUuYecko2o yenepooa 08yx mapoxk TV I1-803 u TY K-354
npU ux Maccogom coomuowenuu 4:1 u 06vemnot konyenmpayuu 6 cmecu, pasroti 0,25%, a maxoice yenepoonoi ¢ubpul onu-
Hotl 3mm 6 konuuecmae 1% om maccwl yemenma. Ilonyuen bemon ¢ yoenbHbiM dieKmpuieckum conpomusgieruem, pasuvim 0,25
Om*m, He yeenuuusaowuMcs 8 npoyecce meepoenuss, npouHocmvio 8 gozpacme 28 cymox 53 Mlla, mopozocmotixocmoio F200),
sooonenponuyaemocmoio W20, npedenom npounocmu na pacmsdicenue npu useude 8,2 MIla. Ilonyuenst pesucmusnvle nacpe-
samenvible d1emenmol, MowHocmvio 600 Bm/m? u 6onee, obecneuusaiouue 603MONCHOCb NOLYHEHUS NOKPLUMULL C AHIMUOO-
nedenumenvrvim dgp@exmonm. Ilokazano, yumo cywxa bemona pazpabomanHo2o coCmasa MOjicCem YEerudueams npoeoou-
mocmv Ha 50%, umo C8A3AHHO € YAyYueHueM KOHMAaKma mMedxncoy moKonposoOsWUMU Yacmuyamu, 6bi3bl8aemMoM Ux 0oica-
muem npu ycaokxe, eIUYUHA KOMOPOU CHUNICAEMCsl NPU Y8eludenul Koauiecmea yenepoonou ¢uopst om 0,25% 0o 1% om
maccol yemenma. Ommeueno, 4mo npu yeeaudeHur no0deaemMo20 Hanpsicerus K 00pasyy e2o yoeibHoe 2NeKmpuiecKoe co-
NPOMuUBIeHUe CHUNCACMCS, meM CUlbHee, Yem bonbule cooepicanue yenepooHoli ubpei 6 ouanasone 0,25-1% om maccol ye-
Menma.

KJIFOUEBBIE CJIOBA: nopmaanoyemenm, mexHudeckuil yenepoo, yenepoonas puopa, npogooumocms, yOeabHoe d1eK-
mpuyeckoe conpomugneHie
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SELF-COMPACTING CONDUCTIVE CONCRETE OF NORMAL HARDENING BASED
ON PORTLAND CEMENT WITH TECHNICAL CARBON AND CARBON FIBER

Larsen O.A.!, Bakhrakh A.M.!

' Moscow State University of Civil Engineering

ABSTRACT

An approach to obtaining self-sealing conductive concrete of normal hardening is presented. The results of a study of the
properties of self-sealing concrete of normal hardening based on Portland cement obtained by the joint introduction of carbon
black of two grades TU P-803 and TU K-354 with their mass ratio of 4:1 and volume concentration in a mixture equal to
0.25%, as well as carbon fiber with a length of 3mm in an amount of 1% by weight of cement are presented. Concrete was
obtained with a specific electrical resistance equal to 0.25 Ohms * m, which does not increase during the hardening process,
a strength of 53 MPa at the age of 28 days, frost resistance F200, water resistance W20, tensile strength at bending 8.2 MPa.
Resistive heating elements with a capacity of 600 W/m? or more have been obtained, providing the possibility of obtaining
coatings with an anti-icing effect. It is shown that drying concrete of the developed composition can increase the conductivity
by 50%, which is associated with an improvement in the contact between conductive particles caused by their compression
during shrinkage, the value of which decreases with an increase in the amount of carbon fiber from 0.25% to 1% by weight of
cement. It is noted that with an increase in the applied voltage to the sample, its electrical resistivity decreases, the more the
carbon fiber content is in the range of 0.25-1% of the cement weight.
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BBEJEHUE

B Hacrosiiiee BpeMsi TOBEPXHOCTH aBTOMOOMIIBHBIX JTOPOT
M MOCTOBBIX KOHCTPYKIMH TPH SKCIUIyaTalld IPH OTPHLA-
TEJILHBIX TEMIIEpPaTypax IOABEPraroTcsi OOJIEAEHEHHUIO, IS
YCTpaHEHUs! KOTOPOT0 HEPENKO MPUMEHSIOTCSI XUMHUECKHUE pe-
areHTBHl, BHI3BIBAIOINE HETATUBHOE BIMSHUE Ha OKPYIKAIOIIYTO
Cpeay ¥ OKa3bIBAOIIHE pa3pyIaoniee JeHCTBUE Ha ITIOKPHITHS
aBTOMOOWJIBHBIX JIOPOT M aBTOTPAHCIOPT. XpaHEHHE pearcH-
TOB BOJIM3M KeNE300€TOHHBIX KOHCTPYKIUH BBI3BIBAET KOPPO-
3110 OETOHA, YTO HEM30EKHO CBSA3aHO C MX IPOHUKHOBEHUEM B
MTOYBEHHBII CJION, pacTONI0KEeHHBIH BOMU3M KOHCTPYKIHiL [1,
2]. Ucnionp30BaHNe peareHTOB B XOJIOJHOE BpeMs roja TaKkxke
COIIPSDKEHO ¢ HEOOXOJMMOCTBIO TOCTaBKU M MX MOCTOSHHBIM
HaJIMYUEM, OCOOEHHO B TPYIHOIOCTYIHBIX MECTaX, YTO ITOBBI-
IIaeT TPAHCIIOPTHBIE pacXo/bl Ha o0cmyxuBaHue aopor [3].

VY CcTpoicTBO Ha OCHOBE 3IEKTPOINPOBOAHOTO CAMOYILIOTHS-
IomIerocs 0eToHa MOKPBITHII MOCTOBBIX COOPY>KEHHH, TOBEPX-
HOCTH KOTOPBIX Oy/I€T MOAeP>KUBATH MOJI0XKUTEIbHYIO TEMIIe-
patypy u 00s1aiaTh CBOMCTBOM CaMOpa30rpeBa, SIBIISETCS aKTy-
IPHBIM PEIICHUEM TIOBBIICHNS 0E30IaCHOCTH JOPOXKHOTO
nBIKeHus [4, 5, 6].

AHanmm3 fccaIeI0OBaHNi B 00IaCTH MOIYYCHHUS DIICKTPOIIPO-
BOJHBIX OCTOHOB C HEOOXOJIMMBIMH MPOYHOCTHBIMH M DIICK-
TPUUYECKUMH CBOWCTBAMHM IT0Ka3aJl HEOOXOIUMOCTh NPUMEHE-
HUS CBEPX)KECTKUX MIIH IIPECCOBAHHBIX CYXHUX CMeceH ¢ mocie-
JYIOIIUM YBJI@&XHEHHEM, 4YTO IMOTPEOOBAIIO HMCIOIb30BaHUS
CJIOKHOTO 00OPY/IOBaHUSI U XapaKTEPU30BAJIOCH JIIUTEILHBIM
UUKIIOM u3rotosnenus [7, 8, 9]. Takast TeXHOJIOTUSI TPOU3BO/I-
CTBa MPEACTABIAET ONPEAEICHHbBIE TPYAHOCTU BBHUIY MPOU3-
BOJICTBA U3JIEHI TONBKO B 3aBOJCKUX yCIOBUAX. B cBOIO oue-
penb paHee pa3pabdoTaHHbBIE ITOJBIDKHBIE CMECH Ha OCHOBE TO-
KOIIPOBOJSIIINX KOMITOHEHTOB O0JIaiay MOHM)KEHHBIMU (u-
3UKO-MEXaHUYECKUMH XapaKTEPUCTHKAMHU M HECTAOMIbHBIMU
3IEKTPOTEXHUIECKUMH cBoiicTBamiu [10].

PaboTs! M0 MOTy4YeHNI0 TOKOIPOBOASIINX OETOHOB Ha OC-
HOBE MOPTIAHALIEMEHTHOTO BSXKYILETO M YTTIEPOIHBIX MaTEpH-
anoB mnposoamwmmck HaxopsxoeiM B.E., IlyraseBsmm I'.A.,
Bpyoneeckum JLLE., a takke B HUY MI'CY nox pykoon-
ctBoM baxenosa I0.M., B BI'TY um. B. I'. IllyxoBa ®anuHoit
E. A. [11]. TlonyueHune BBICOKOTIOABUHBIX CAMOYILUIOTHSIIO-
muxcst OETITOBBIX CMecel, 00ecreuynBaloONINX BO3MOXKHOCTD
TPaHCIIOPTUPOBKHU Ha CTPOUTENIBHBINH 00BEKT M YKJIJKH B OIla-
IyOKy paHee He U3ydaJics, YTO OOBSICHSIETCS] BHICOKOH BOJOIIO-
TPeOHOCTBIO YTTIEPOJHBIX 3IEKTPOINPOBOIHBIX JOOABOK M
HEOOXOANMOCTBIO TPUMEHEHHS BRICOKOI((EKTUBHBIX ILIACTH-
(huKaToOpoB, KOTOPBIE MOIYYHIH PACIpPOCTPAHEHNE TOJIBKO B
nocienHee BpeMs. CTOMT OTMETHTB, YTO PaHEE H3MACNIUS W3
3NIEKTPOIIPOBOAHBIX OETOHOB TPEOOBAIM H3TOTOBICHNUS TOJIBKO
B 3aBOJICKHX YCJOBHSIX, YTO 3HAUUTEIBHO YCIOXKHSIIO TEXHO-
jJoruyeckuil nuki. Takke HE paccMaTpUBAIUCh BOIIPOCHI U3-
MEHEHHUS YAEIBHOTO IEKTPUYECKOTO CONPOTUBICHHUS 3JIEK-
TPOTEXHUUECKUX U3AETUH U COXPAaHEHUS UX IPOBOJUMOCTH BO
BPEMEHU B YCIIOBUSIX HOPMAaIbHOTO TBEPICHHUS.

JIyist TosTydeHusT TOKOIPOBOJISIIETO OETOHA TTPUMEHSIOTCS
pasiMuHbIE YIIIepOIHbIe KOMIIOHEHTHI, 00J1a1al0Ine BEICOKOM
quctiepcHocThio [12, 13, 14]. Beenerue 00IBIIOro KOITUIECTBA
TOKOIPOBOJISAIINX KOMIIOHEHTOB JUIS TIOBBIIICHNUS ITPOBOANMO-
CTH NPUBOAMT K CHIDKCHHUIO (PU3NKO-MEXaHUIECKUX T0Ka3aTe-
Jei GeToHa, YTO CBSI3aHO C WX BBICOKOH BOZOMOTPEOHOCTHIO.
[TpumeHsieMble paHee B TOKOIPOBOASAIINX COCTaBax MiIacTudu-
nupytomue nodaBku C-3 u JICT obecrieunBanm molydeHHe
TOJIBKO JKECTKMX CMeCed WM CMECed IUIacCTU4ECKOro

INTRODUCTION

Currently, the surfaces of highways and bridge struc-
tures are exposed to icing during operation at subzero tem-
peratures, to eliminate which chemical reagents are often
used, which cause a negative impact on the environment
and have a destructive effect on road surfaces and vehicles.
Storage of reagents near reinforced concrete structures
causes concrete corrosion, which is inevitably associated
with their penetration into the soil layer located near struc-
tures [1, 2]. The use of reagents in the cold season is also
associated with the need for delivery and their constant
availability, especially in hard-to-reach places, which in-
creases transport costs for road maintenance [3].

A device based on electrically conductive self-sealing
concrete for bridge structures, the surface of which will
maintain a positive temperature and have the property of
self-heating, is an urgent solution to improve road safety [4,
5, 6].

An analysis of research in the field of producing electri-
cally conductive concretes with the necessary strength and
electrical properties showed the need to use super-rigid or
pressed dry mixtures with subsequent humidification,
which required the use of complex equipment and was char-
acterized by a long cycle of production [7, 8, 9]. Such pro-
duction technology presents certain difficulties due to the
production of products only in factory conditions. In turn,
the previously developed mobile mixtures based on conduc-
tive components had reduced physical and mechanical char-
acteristics and unstable electrical properties [10].

Work on the production of conductive concretes based
on Portland cement binder and carbon materials was carried
out by V.E. Nakoryakovym, G.A. Pugachev, L.E.
Vrublevsky, as well as at the National Research University
MGSU under the leadership of Yu.M. Bazhenov, at V. G.
Shukhov BSTU Fanina E. A. [11]. The production of highly
mobile self-sealing betel mixtures providing the possibility
of transportation to a construction site and laying in a form-
work has not been studied before, which is explained by the
high water demand for carbon electro-aqueous additives
and the need to use highly effective plasticizers, which have
become widespread only recently. It is worth noting that
previously, products from electrically conductive concretes
required manufacturing only in factory conditions, which
significantly complicated the technological cycle. Also, the
issues of changing the electrical resistivity of electrical
products and maintaining their conductivity over time under
normal hardening conditions were not considered.

Various carbon components with high dispersion are
used to produce conductive concrete [12, 13, 14]. The intro-
duction of a large number of current-conducting compo-
nents to increase conductivity leads to a decrease in the
physical and mechanical properties of concrete, which is as-
sociated with their high water demand. Plasticizing addi-
tives C-3 and LST, previously used in conductive composi-
tions, ensured the production of only rigid mixtures or mix-
tures of plastic molding for factory-ready products that
harden only under conditions of heat and moisture treat-
ment.

To ensure even greater conductivity of cement electro-
conductive concrete, it is possible to use carbon fiber, which
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dhopMoOBaHUs IS M3ACTUNA 3aBOJICKON TOTOBHOCTH, TBEPICIO-
IIMX TOJIKO B YCIIOBHSIX TETUIOBIAXKHOCTHOH 00pabOTKH.

s obecnieueHust emie OOJBIICH MPOBOIUMOCTH IIEMEHT-
HOTO 3JICKTPOIPOBOIHOIO OCTOHA BO3MOXKHO IPUMEHEHHE YT-
nepoHOU (GUOPEI, KOTOpask 00ECICUNT CHIDKCHHUE YCAIKH Iie-
MEHTHOT'O KaMHsI ¥ TOBBICUT €r0 TPEUIMHOCTOMKOCTS [15].

[Iupokoe mpuMeHEHHE EKTPOIPOBOIHEI OSTOH HE TO-
Jy4HIT, HECMOTPS Ha YHUKAJIbHBIE CBOMCTBA KoMmo3uTa. Orpa-
HUYEHHOE TPUMEHEHHE TOKOIIPOBOMAAIIETO OETOHAa OOBSICHS-
€TCsI CIIO)KHOCTBIO M3TOTOBIICHUS U3JENUIl U3 HETO, IPUMEHe-
HHEM CIECIHANTBHBIX METOIOB YIUIOTHEHHUS! OETOHHBIX CMECEH,
HEOOXOIUMOCTBIO HCIIOIb30BAHUS YCKOPEHHBIX METO/I0B TBEP-
JCHUS. H03TOMy HOHy‘IeHI/Ie CaMOyHHOTHﬂIOHII/IXCH TOKOHpO-
BOJISAIIMX CMECEH MO3BOJIMIIO OBl CYIIECTBEHHO PACIIUPHUTE 00-
JIACTh €r0 MPUMCHCHUSI.

O} deKTUBHBIM pEIICHUEM yCTPOHCTBAa OKPBITUI MOCTOB
CO CBOWCTBOM CaMOpa3orpeBa, YKIAJABIBACMBIX HEIOCPE-
CTBCHHO Ha CTPOUTEIHHOM O0BEKTE, SBJISCTCS pa3padoTka co-
CTaBa CaMOYILTOTHSIIOLIETOCS TOKOITPOBOISIIEr0 OeToHa, 00ec-
MIEYMBAIOIIETO BO3MOKHOCTh IIPUMEHEHHUSI Ha CTPOUTEIHFHOM
00BeKTe Oe3 TOTMONMHUTETFHOTO YIUIOTHEHHUS.

He.]'ll: HJIM 3aJa4YH UCCJIEeI0BaHUA:

enpro maHHO# paboOTHI sABIAETCS pa3paboOTKa cocTaBa ca-
MOYIIIOTHSIIOIIErocst OETOHA ¢ BBICOKOH JJIEKTPUYECKON Mpo-
BOJMMOCTBIO Ha OCHOBE TOHKOJHCIIEPCHBIX TOKOMPOBOASAIINX
JI00aBOK Pa3IMYHOI AUCIIEPCHOCTH, YIIIepOIHOMN (HUOPHI U BbI-
cok03(h(HhEKTHBHOTO MOIMKAPOOKCHIATHOTO TIACTU(HUKATOPA.

MaTepnamﬂ M METOAbI HCCJICI0OBAHUSA

B paboTte npuMeHsUTHCE CleyIoIIre MaTepHaIbL:

- moptnarmuemeHT OO0 «Xaiinensoeprliement PYCx»
HEM 152,5HT'OCT 31108-2020;

- necok I knacca meiteiii ¢ Mk=2,45 o 'OCT 8736-2014;

- cyneprnactudukarop Sika ViscoCrete ESS;

- TOKOIIPOBOJSIINE BBICOKOIUCIIEPCHBIE KOMITOHEHTHI,
BKITIOJarorie Texaudeckuid yriepox TY I1-803 mo I'OCT
7885-86; Texumueckuit yriepon TY K-354 TOCT mo 7885-86;

- yriiepoanas pubpa «Monsterfiber C» mmaoit 3 mm o TY
1916-067-38276489-2017;

Jnst ompenenenuss BOIOMOTPEOHOCTH TOHKOAMCIIEPCHBIX
AIIEKTPOIIPOBOAHBIX J00ABOK MPHMEHSJIaCh METOJAWKA, Tpel-
noxenHas B Slmonun Oxamypoil ¢ moMoIbo (GopMbI-KOHyca
Xarepmasa.

W3MepeHue ynenpHOro 3JEKTPUUYECKOrO CONPOTUBIECHUS
OCYIIECTBIISUIOCH C UCIIOJIb30BAHUEM JIADOPATOPHOTO PEryJin-
pPYeMOro UCTOUYHUKA MUTaHHs OCTOSTHHOro Toka QJ3003P.

JKcnepuMeHThI U 00Cy:KIeHne Pe3yIbTaTOB

Heo0xoauMoCTh MPUMEHEHHsS] TOHKOAMCIIEPCHBIX TOKO-
MPOBOJISIINX KOMIIOHEHTOB B OIPE/ICIICHHOM KOJIMYECTBE CBSI-
3aHa C TMPHJAHHEM KOMIIO3UTY B COYETAHUM C MOPTIAaH/ILIe-
MEHTHBIM BSDKYIIMM BBICOKOM MPOBOAUMOCTH. J{J1st 3TOTO B pa-
60Te TPUMEHSUTUCH YTIICPOIOCOACPXKAIINES KOMIOHEHTHI pa3-
JMYHON TUCTICPCHOCTH, KOTOPhIC MMEITH 3HAUYHTEIIBHYIO BOJIO-
noTpeOHOCTh. BBUIO yCTaHOBIIECHO, YTO BOMONOTpeOHOCTS TY
K-354, TY II-803 u pmobaBku rpadura DYT-2 cocraBmia
222%, 72% u 138% COOTBETCTBEHHO, OIpeIeJIeHHAs 10 OTHO-
CHUTEJIbHOMY PACILIBIBY IEMEHTHOTO TecTa (puc. 1). B nanbHeii-
[IMX DKCIIEPUMEHTax J00aBKa rpaduta HE MPUMEHSIACH, YTO
CBSI3aHO C CYIIECTBEHHBIM CHIXXCHHEM MPOYHOCTH MPHU €ro
BBEJICHHU.
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will reduce the shrinkage of cement stone and increase its
crack resistance [15].

Electro-aqueous concrete has not been widely used, de-
spite the unique properties of the composite. The limited use
of conductive concrete is explained by the complexity of
manufacturing products from it, the use of special methods
for compacting concrete mixtures, and the need to use ac-
celerated hardening methods. Therefore, the production of
self-sealing conductive mixtures would significantly ex-
pand the scope of its application.

An effective solution for the installation of bridge cov-
erings with the property of self-heating, laid directly on a
construction site, is the development of a composition of
self-sealing conductive concrete, which ensures the possi-
bility of application on a construction site without addi-
tional sealing.

The purpose or objectives of the study:

The purpose of this work is to develop a composition of
self-sealing concrete with high electrical conductivity based
on finely dispersed conductive additives of various disper-
sities, carbon fiber and a highly effective poly-carboxylate
plasticizer.

Materials and methods of research

The following materials were used in the work:

- Portland cement LLC "HeidelbergCement RUS" CEM
152.5N GOST 31108-2020;

- sand of class I washed with Mk = 2.45 according to
GOST 8736-2014;

- superplasticizer Sika ViscoCrete E55;

- conductive highly dispersed components, including
carbon black TU P-803 according to GOST 7885-86; car-
bon black TU K-354 GOST 7885-86;

- CARBON FIBER "Monsterfiber C" 3 MM LONG
ACCORDING TO TU 1916-067-38276489-2017;

To determine the water demand of finely dispersed con-
ductive additives, a technique proposed in Japan by Oka-
mura with the help of a Hagerman cone shape was used.

The electrical resistivity was measured using a labora-
tory controlled DC power supply QJ3003P.

Experiments and discussion

The need to use finely dispersed conductive components
in a certain amount is associated with giving the composite
in combination with a Portland cement binder high conduc-
tivity. For this purpose, carbon-containing components of
different dispersion were used in the work, which had sig-
nificant water demand. It was found that the water con-
sumption of TU K-354, TU P-803 and graphite additives
EUT-2 was 222%, 72% and 138%, respectively, determined
by the relative spread of the cement paste (Fig. 1). In further
experiments, the addition of graphite was not used, which
is associated with a significant decrease in strength when it
was introduced.
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B cBsA3M ¢ BBICOKOH YJEJIBHON IOBEPXHOCTBIO U BOJOIIO-
TpeOHOCTBIO IONY4YEHHE CAMOYIUIOTHAIOIIUXCSA IIEKTPONPO-
BOJIHBIX CMECEH C BBICOKOH TEeKy4YecThlo TpeOyeT Julsl mojyye-
HUS BBICOKOIIOJIBIDKHOW CaMOYIUIOTHSIIOILEHCS cMecH IpuMe-
HEeHHUs1 OOJIBIIOTO KOJIMYECTBA IUIACTH(UIMPYIOIEH 100aBKH
MOJIMKAapOOKCHIIATA WIIH YBEJIMYEHHUE PacX01a BObI, 9TO HEU3-
0EXHO NPUBEET K CHIDKEHUIO ITPOYHOCTH U YBEITMUCHHUIO CPO-
KOB CXBaTbIBaHMsI IEMEHTHOTO TECTA.

3

PUCYHOK 1

25
BOJOIIOTPEBHOCTDb JUCIIEPCHBIX
YIJIEPOAHBIX KOMIIOHEHTOB,
ONPEJAEJIEHHAA 11O METOJUKE
MINI SLUMP FLOW TEST

15

BojaoTsepoe oTHOMEHHE

05

Due to the high specific surface area and water demand,
the production of self-sealing electro-aqueous mixtures
with high fluidity requires the use of a large amount of plas-
ticizing polycarboxylate additive or an increase in water
consumption to obtain a highly mobile self-sealing mixture,
which will inevitably lead to a decrease in strength and an
increase in the setting time of the cement dough.
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Figure 1

The water demand of dispersed hydrocar-
bon components, determined by the mini
slump flow test method
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B xome wmccienoBaTenbckoil paboOTHI MPOBENCHO 3HAYH-
TETHbHOE KOJUYECTBO U3MEPEHHM YJEIBHOTO JJICKTPUIECKOTO
cornpoTuBieHus (puc. 2) obpasios 6osiee 70 pa3TUIHBIX COCTa-
BOB, BCIIMYNHA U CTa6I/IJ'IbHOCTb HpOBO}]I/IMOCTI/I KOTOprX I10-
BBIIIAIKMCE B XOJI€ BBLIIOJHEHHS UCCASHOBAHMUS COIJIaCHO Jua-
rpaMMaM pa3Maxa 3HaYCHHUH yIEIBHOTO 3JCKTPHUUECKOTO CO-
MPOTHUBIICHUS JJIsl KOKIOTO COCTaBa B MPOIECCE TBEPACHUS U
nocienyromei cymku. Ha puc. 3 npuBeneHb! TuarpaMMebl pas-
Maxa U3MEHEHHS IIPOBOANMOCTH U €€ COXPaHCHHS TP TBEPJIC-
HUU U CYIIKE TPH BBITIOTHEHUH HUCCIICIOBATEIECKON paboTHI,
MTOJTyYCHHBIE C UCTIOIB30BaHIEM CTATUCTUIECKUX METOAOB 00-
pabOTKM JaHHBIX.

1 2 3 4 5

‘OTHOCHTETBHBIH PaCILIBIE KOHYca XarepMaHa

O—Tpapur SVT-2 TY K-354 ® TYII-803

During the research work, a significant number of meas-
urements of the electrical resistivity (Fig. 2) of samples of
more than 70 different compositions were carried out, the
magnitude and stability of the conductivity of which in-
creased during the study according to the diagrams of the
range of values of the electrical resistivity for each compo-
sition during hardening and subsequent drying. Figure 3
shows diagrams of the magnitude of the change in conduc-
tivity and its conservation during hardening and drying dur-
ing research work, obtained using statistical data processing
methods.
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JInist oy 4eHust TOKOIIPOBO/AIIEro OeToHa ¢ HeOOXOoau-
MOl MPOBOAMMOCTBIO U COXPaHEHHEM ITOI'0 CBOMCTBA B IPO-
1ecce TBEpACHHA, KOTOpOe He OBLIO 00eCIIeYeHO BBEICHIEM
TONBKO TexHUIeckoro yriepoaa TY K-354 wm Tonsko yrie-
poaHO# (GUOPHI B KOHTPOJIBHBIH COCTaB, COBMECTHO BBOIMIIN
TV K-354 B xonmugectBe 10 - 20% ot maccer TY I1-803 u yr-
neponuyo ¢pudpy B komuecte 0,25-1% OT Macchl IieMeHTa.
VYcranoBieHo, uTo coBmecTtHoe BBeaenue TY K-354 B xomu-
yectBe 20% u yraepoaHoi puops! B kommuectse 1% (puc. 4)
obecreunIto MoBhIIIeHHE ITPOBOANMOCTH B 22 pasa (¢ 5,6 1o
0,25 Om'M) B Bo3pacte 3 cyTok, 1 B 212 pa3 (¢ 53,1 no 0,25
Om'Mm).

XoJ HeCIeN0BaTeNbCKON paGoThI

To obtain a conductive tone with the necessary conductiv-
ity and preserve this property in the hardening process, which
was not ensured by the introduction of only technical carbon
TU K-354 or only carbon fiber into the control composition,
TU K-354 was jointly introduced in an amount of 10-20% of
the masses of TU P-803 and carbon fiber in an amount of
0.25-1% of the weight of cement. It was found that the com-
bined administration of TU K-354 in an amount of 20% and
carbon fiber in an amount of 1% (Fig. 4) provided a 22-fold
increase in conductivity (from 5.6 to 0.25 ohms*m) at the age
of 3 days, and 212 times (from 53.1 to 0.25 ohms*m).
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Diagrams of the magnitude of changes in the
conductivity of samples during hardening
and drying, obtained during the course of the

research work
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Dependence of resistance on the number of
current-conducting components at the age of
3-28 days

[Tosy4eHbl TOKOMPOBOASIINE [IEMEHTHBIE OETOHBI C 00b-
eMHOH KoHueHTparuen 0,25 TEXHHYECKOTO yriiepoaa MapoK
I1-803 u K-354 B maccoBom cootHomennu 80:20-85:15 co-
OTBETCTBEHHO U yrieponHoi ¢pubpsl B konndectse 0,25-1%
ot Macchl ieMenTa [15]. Tlpu BBeIeHUH TEXHUYECKOTO yIiie-
poma TY II-803 u TY K-354 B MaccoBOM COOTHOILIECHUH
80:20 u yriepoanoii pubpsl B konuyectBe 1% OT Macchl 11e-
MEHTA IOJTYYEH CaMOYTUIOTHSIONIUKACS TOKOIIPOBO AN Oe-
TOH HOPMAJILHOTO TBEPICHHS, OONAIarOIIuil CBONCTBaMH,
npuBeeHHbIMU B Tabu. 1. Tlomy4yeHbl HAarpeBaTed MOIIHO-
cteio 600 BT/M2 1 Oonee, obecrieunBarOIUe BO3MOKHOCTD
YCTpOMCTBa CHCTEM CHEroTasHU (puc. 5).

PUCYHOK 5

AHTUOBJIEJEHUTEJIBHOE IIOKPBITUE HA
OCHOBE TOKOIIPOBOJAIIEIO BETOHA

Figure 5

De-icing coating based on current conducting concrete
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Xoa HeccnenoaTenboKoll padoThl

53,1

- Bo3spacr, cyT.
= TCOHTP OTHHBIH PR,

=T ouTpo.aLHbLIH + 20% TV K-354
—de—=TKOHTPOILHBIHA + 1% V&
== KOoHTPOALHBIH + 20% TY K-354 + 1% Y&

Conductive cement concretes with a volume concentra-
tion of 0.25 technical carbon grades P-803 and K-354 were
obtained in a mass ratio of 80:20-85:15, respectively, and car-
bon fiber in an amount of 0.25-1% by weight of cement [15].
With the introduction of technical carbon TU P-803 and TU
K-354 in a mass ratio of 80:20 and carbon fiber in an amount
of 1% of the weight of the cement, a self-sealing conductive
concrete of normal hardening was obtained, possessing the
properties shown in Table 1. Heaters with a capacity of 600
W/m2 were obtained and more, providing the possibility of
installing snowmelt systems (Fig. 5).
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X-ray of hydrated cement stone:
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HccnenoBan (azoBblii cocTaB MPOAYKTOB THApATALUU
MOPTJIAH/AIIEMEHTa B MNPUCYTCTBHH YIJICPOJHOW JT00aBKH
(puc. 6). YCTaHOBIICHO OTCYTCTBHE COBMECTHBIX MPOIYKTOB
B3aUMO/ICHCTBUS, a TAK)KE YBEJIMUCHUE CTEIICHH THAPAaTallii
KOHTPOJILHOTO COCTaBa, COAEPIKAIIETO TOJIBKO IMOPTIIAHIIe-
MEHTHOE BSDKYILEE.

H3meHeHne BIa)KHOCTH TOKOIPOBO/IAIIET0 OeTOHa, B T.4U.
B IIPOIIECCE TBEPACHHS, OKAa3bIBACT BIIMSHHWE Ha ITPOBOAM-
MOCTh OeTOHa. Y CTaHOBJICHO, UTO IIPH OJJHOBPEMEHHOM BBe-
neann TY K-354 u yrnepoanoit ¢puOpsl B KOHTPOIBHBIH CO-
CTaB B IOAOOPAHHOM ONTHMAJILHOM COOTHOIIEHHH ITPOBON-
MOCTb B IIPOIIECCE TBEPACHHS MOXKET HE YMEHBILIATHCS, UIIH,
Hao00poT, yBeIuYuBaThes. [l yCKOPEHHOTO OINpe/eIeHuUs
BIIMSIHUSL KOJIMYECTBA CBOOOIHOM BOMBI ObLIa OCYIIECTBICHA
cymka oopasnoB npu 200 °C B Teuenuu 12 4. YcTaHOBICHO,
YTO TPH CYIIKE 00pa3IOB TOKOIPOBOASALIEro OETOHA ONTH-
MaJIbHBIX COCTABOB MPOMCXOANT YBEINUYECHHUE UX ITPOBOANMO-
CTH, IIPY 3TOM YBEJINYEHHE ITPOBOANMOCTH TEM MEHBIIIE, YeM
Oonpiie yriaeponHoi (GUOPHI, TaK KaK OHA CHIKAET yCaAKy
mpu cymke (puc. 7), a TOBBIIEHHE IPOBOANMOCTH MPH

B 00 G e T D 1B Jost o1 Sedimy + W T

0

The phase composition of the hydration products of Port-
land cement in the presence of a carbon additive was studied
(Fig. 6). The absence of joint interaction products was estab-
lished, as well as an increase in the degree of hydration of the
control composition containing only Portland cement binder.

A change in the moisture content of conductive concrete,
including during the hardening process, affects the conduc-
tivity of concrete. It was found that with the simultaneous in-
troduction of TU K-354 and carbon fiber into the control
composition in the selected optimal ratio, the conductivity
during the hardening process may not decrease, or, con-
versely, increase. To accelerate the determination of the effect
of the amount of free water, the samples were dried at 200 °
C for 12 hours. It was found that when drying samples of con-
ductive concrete of optimal compositions, their conductivity
increases, while the increase in conductivity is less, the more
carbon fiber, since it reduces shrinkage during drying (Fig. 7),
and the increase in conductivity during drying is associated
with shrinkage and improved contact between conductive
components. Further storage of dried samples in natural

309



Texuurxa u mexnonocus cunuxkamos. Tom 31, Ned4, 2024

CYIIKE CBSI3aHO C YCAJIKOM M YJIy4IICHHH KOHTAaKTa MEXIy
TOKOIPOBOJISIIIMMH KOMITIOHEHTaMHu. JlanbHeiiee XpaHeHne
BBICYLIEHHBIX 00pa3lOB B €CTECTBEHHBIX YCIOBHUSX MPUBO-
JUT K COpOIMU BJIaTW M3 BO3/yXa, HaOyxaHUIo 0OpasloB U
MOCTETICHHOMY BO3BPAILCHHUIO MPOBOAMMOCTH K 3HAUCHUSIM
JIO CYIIKH.
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Figure 7

Resistance values before and after drying at
200c of samples of optimal compositions
with an amount of tu k-354 15-20% and

conditions leads to moisture sorption from the air, swelling of
the samples and a gradual return of conductivity to values be-
fore drying.
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carbon fiber 0.25-1%

[Tpu cymke NpoucxXoauT ycanka IEeMEHTHOTO KaMHs, KO-
TOpast IPUBOAMT K YJIYUIICHUIO KOHTAKTa MEX/y YaCTHLAMHU
TOKOIPOBOJISIIIMX KOMIIOHEHTOB ITPH YCJIOBUH UX OITUMAJIb-
HOTO KOJIMYECTBA M COOTHOILICHUSI MEKAY HAMH (ONTHMAb-
HBII COCTaB), 9TO B CBOIO OYEpEb MPUBOIUT K MTOBBIIICHUIO
MIPOBOANMOCTH Tociie cymky. [Ipy yBennyeHnn KoamdecTBa
yraepoaHoit puopsl B muamaszone -0,25-1: oT Macchl ieMeHTa
COINPOTHUBJICHHUE TIOCIE CYIIKH CHHMXAeTCA B MEHBINIEH cTe-
IIeHY, TaK KaK yriepoaHas ¢uopa CHWKaeT ycaaKy LEeMeHT-
HOI'o KaMHs. HpI/I XpaHEHHUU B €CTCCTBCHHBIX YCJIOBUSAX I10-
CJIC CYHIKH, ITPOBOANMOCTDH YBCIIMYMBACTCA A0 MPECKHUX 3HA-
YEHUH.

[Tpn yBennyeHun mopaBaeMoro K o0pasily HarpsKeHUs
MIPOMCXOJUT yBeIHUeHNE MPOBOIUMOCTH. C yBelndeHHEM
KoJIMuecTBa yrieponHod ¢ubpsl B amamazone 0,25-1% B
OoutbIIIeli CTeNeHN yBEIMYMBACTCS IIPOBOJMMOCTD TIPH yBe-
JMYCHUN TI0JJaBaeMOTO HANpsDKEHHWsS B JauanasoHe 5-25
BoubT (puc. 8). 3nagenust Kyanp, 10 KOTOPOMY OLIEHHBAIOCH
CHIDKECHHE CONPOTHUBIICHUS NPH YBEINYCHUN HAMPSIKEHUS C
5 10 25 BonbT y 00pasiioB ¢ cogepkanuem 15-20% TY K-354
u 0,25-1% yrneponHoi GUOpHI MOJUUHSIOTCS 3aKOHY HOP-
MaJbHOTO pacnpeaeneHus (puc. 9).
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During drying, the cement stone shrinks, which leads to
improved contact between the particles of conductive compo-
nents, provided their optimal amount and ratio between them
(optimal composition), which in turn leads to increased con-
ductivity after drying. With an increase in the amount of car-
bon fiber in the range -0.25-1: by weight of cement, the re-
sistance after drying decreases to a lesser extent, since carbon
fiber reduces the shrinkage of cement stone. When stored in
natural conditions after drying, the conductivity increases to
the previous values.

As the voltage applied to the sample increases, the con-
ductivity increases. With an increase in the amount of carbon
fiber in the range of 0.25-1%, the conductivity increases to a
greater extent with an increase in the supplied voltage in the
range of 5-25 Volts (Fig. 8). The values of the Knapr, according
to which the decrease in resistance was estimated with an in-
crease in voltage from 5 to 25 volts in samples with a content
of 15-20% TU K-354 and 0.25-1% of the carbon fiber obeys
the law of normal distribution (Fig. 9).

10B B 15B H20B H25B E KosddupenT cHIKEHNI CONPOTHBIEHIIL
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fa) -10
The Q-Q plot for Kusm values with an in-
crease in voltage from 5 to 25 volts over all -12

cross-sections of the samples of optimal com-
pounds

3akJ/ouenue

[TonmyyeH CaMOYIUTOTHSFOIIUICS TOKOMPOBOISIINA Oe-
TOH HOPMAJILHOTO TBEPICHHS C 33JaHHOM CTAOMIBHOH IMO-
BBIIIIEHHOH AJIEKTPUYECKON TPOBOAUMOCTHIO, 00IaAat0mni
TMOBBIIICHHBIMH 3KCILUTYaTallTUOHHBIMH XapPAKTECPUCTUKAMU
MPOYHOCTHIO Ha C)kKaThe B Bo3pacte 2 cyTok Rcxk = 27,6
MlIla, 28 cytok Rex = 54,5 MIla, mopo3zocToiikocTtsio F200,
BOZOHENPOHUIIaeMOCThi0 W20, yAeIbHBIM 3JIEKTPUUECKUM
comportuBieHueM 0,25 OM*M, HE M3MEHSIONIMMCS B TIPO-
Lecce TBepAeHUsl.

Mertonom P®A ycTaHOBIEHO OTCYTCTBHE MPOLYKTOB
B3aMMOJICHCTBUS MOPTIAHAIEMEHTA M YTIIEPOIHBIX KOMITO-
HeHTOB. OTMEUEHO TOBBIIICHUE CTETIEHN THAPATAIIINH TOPT-
nmaranemMenta Ha 20% mpu BBEIEHUH TEXHHYECKOTO YTJie-
pona u yriepoaHoii puopsI.

YCTaHOBIIEHO TIOBBIIIEHHE MPOBOJUMOCTH TOKOIPOBO-
JIAIIIero OETOHA MPH CYIIKE 33 CYET YCAAKH. Y ICIIbHOE JICK-
TPUYECKOE COMNPOTHUBJICHUC CHUKACTCA TEM MCHBIIEC, YEM
Oosblie yriIepoaHo# (GuOpPHI, CHUXKAMOIIEH YyCaaKy, B CO-
cTaBe OCTOHA.

YCTaHOBIEHO TMOBBIIICHHE MPOBOJUMOCTH TOKOIIPOBO-
JISIIEro OeToHa P yBETUYEHUH II0AaBaeMOT0 HAIPSKEHHS
¢ 5 10 30 BOJIBT, YBEIMUMBAIOIIEECS MMPU YBETUICHUH KOJIH-
YeCcTBa YrJepoJHOH (HUOPBI.
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Oxmgaemoe HOPMATHOE pacIpeIencHe

Conclusions

A self-sealing conductive concrete of normal hardening
with a given stable increased electrical conductivity has been
obtained, which has improved performance characteristics:
compressive strength at the age of 2 days Rzh = 27.6 MPa,
28 su-current Rzh = 54.5 MPa, frost resistance F200, water
resistance W20, electrical resistivity 0.25 ohms*m, which
does not change during the hardening process.

The XRD method established the absence of products of
the interaction of Portland cement and carbon components.
An increase in the degree of hydration of Portland cement by
20% was noted with the introduction of carbon black and
carbon fiber.

An increase in the conductivity of conductive concrete
during drying due to shrinkage has been established. The
lower the electrical resistivity, the more carbon fiber, reduc-
ing shrinkage, in the composition of concrete.

An increase in the conductivity of conductive concrete
was found with an increase in the applied voltage from 5 to
30 volts, which increases with an increase in the amount of
carbon fiber.
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