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AHHOTANUA

s 6036e0enus 06vexmos 6 ycnoguax Kpaiineco Cegepa akmyanbHo UChoIb308ans 8blCOKONPOYHbIE CIMPOUMETbHbLE M-
Mepuansl ¢ 8blCOKUMU XAPAKMEPUCIUKAMU RO MOPO30YCIOUYUBOCTHU, NPOYHOCIU U HUSKUM YOeTbHbIM 6ecom. K maxkum ma-
mMepuanam Mo*CHO OMHeCmu HAHOOEMOoH, 8 COCMA8 KOMOPO20 8X00AM CMAOUNUSUPOBAHHbIE OUCNEPCUU YeNePOOHBIX HAHO-
mpy6ok. [Ipounocmos u OMHOCUMENbHO Ne2KUll 8eC HCene306emoHH020 U30ens Ha OCHo8e HaHObemoHa 0OyCcIasIUeaen 8bico-
Kule SKCHIIYamayuoHHble XapaKmepucmuxi CmpoumensHo20 o0bekma, Ymo npusooun K CHUNCEHUIO 3ampam no mpancnopimu-
PO8Ke, MPYOOeMKOCU, MOHMANCY KOHCMPYKYUOHHBIX DJIEMEHMO8 U YMeHblUaem cedecmoumMocms camozo 00bexma cmpou-
menvcmea na 20%. B kauecmse sxcnepumenmansio2o 00vekma, 603600umozo 6 yenosusax Kpaiineeo Cesepa, npeonoosicen 2a-
paoic 6x6 mempos. [l e20 cmpoumenbCmea UCnONIb3068ANUC, MPEXCIOLHble CIMEeH08ble NAHenU U3 HaHODemoHa, 8bINycKaeMble
no mexHono2uy MooUILHO20 3a600a. IIpumenenue HaHOOEMOHA NO3BOIUNO 8 KOHCTNPYKYUOHHOM dNeMeHme C Kaxcoou cmo-
POHBI COKpamums mMoauuHy 6emoHH020 Closi 00 25 MM U YMEHbUUMb 8eC U30eus, a MaKdice CHUUNMb pacxo0 yeMeHma 6
OemoHHOU cmecu 0I5l e20 NPOU3800Cmaa.
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ABSTRACT

For the construction in the Far North, it is important to use high-strength building materials with high frost resistance,
strength and low density. Such materials include nano concrete, which includes stabilized dispersions of carbon nanotubes.
The strength and relatively light weight of the reinforced concrete product based on nano concrete determines its high charac-
teristics of the object, which leads to a reduction in transportation costs, labor intensity, installation of structural elements and
reduces the cost of the construction object by 20%. A 6x6-meter garage has been proposed as an experimental building in the
conditions of the Far North. For the construction, three-layer nano concrete wall panels were manufactured using mobile plant
technology. The use of nano concrete made it possible to reduce the thickness of the concrete layer in the structural element on
each side to 25 mm and reduce the weight of the product, as well as reduce the consumption of cement in the concrete mixture.
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BBEJEHUE

OcBoenue Apkruku, JlaneHero Bocroka u Cubupu B
HacTosIIIee BPEeMs IPEICTaBISIOTCS UYpe3BbIYaliHO IepCIeK-
TUBHBIMH W CBOEBPEMEHHBIMU C TOUYKU 3pEHHs] SKOHOMHYe-
ckoro pa3sutust Poccuiickoit @enepanuu. B cBsa3u ¢ yeM Bo3-
HHUKaeT IMOTPEOHOCTh B CTPOMTENBCTBE IPOMBIIIICHHBIX H
TPXIAHCKNX OOBEKTOB B CEBEPHBIX PETHOHAX HAIlel CTPaHbI.
Jnst pa3BuTHS MHPPACTPYKTYPHI B OTIAICHHBIX HACCICHHBIX
MYHKTax TpeOyeTcs co3AaHe BHICOKO(YHKIIMOHAIBHBIX CTPO-
UTEIBHBIX MaTE€pPHUaAJIOB, B TEPBYIO OuYepenb, OOIamaromnX
YCKOPEHHBIM Ha0OpOM MPOYHOCTH M TOBBIIICHHONW MOpPO30-
CTOMKOCTHIO. Pa3zpaboTka pa3smuvHbBIX 110 COCTABY KOMIIO3HIIH-
OHHBIX MaTepualioB, a TAKXKE HPUEMbl HHTCHCU(DHUKALUH TEX-
HOJIOTUYECKHX IPOLIECCOB 3MMHET0 OETOHMPOBAHHUS CIOCO0-
CTBYIOT pacIlIMpEeHHIO 00JaCTH OCBOCHUS TEPPUTOPHI B CYpO-
BBIX KIIMMaTHYE€CKUX ycIoBUsX [1-5].

B coctaB KOMITIO3MIIMOHHBIX MaTE€pPHUAJIOB YacTO BBOJSATCS
HaHO- U yJIbTPaaCIIepCHbIE JOOABKH, KOTOpHIE TIPH CTAaOMIN-
3aIiH1 B BSDKYIIEH MaTpulle, CIIOCOOHBI pAaBHOMEPHO pacipeie-
JUTHCA B e¢ 00BbeMe i 00eCTIednTh OBICTPEIN HabOp MPOYHOCTH
BO BCE CPOKH TBEpACHHUSA [6-8], UTO aKTyabHO ISl CTPOUTEIh-
ctBa B pernonax Kpaiinero Cesepa.

Omaumu 13 HanboJiee U3BECTHBIX HAHOA00ABOK, MPHUIA0-
MIAX KOMITO3UIIHOHHOMY MaTepually BHICOKYIO IPOYHOCTb, SIB-
nstoTes yraepoansie HaHOTpyOku (YHT) [9-11]. YVayumenwne
MEXaHUYECKUX CBOWMCTB OINpPENENseTcsl B3auMOICHCTBUSMHU
mexay YHT u nemeHToM, TO ecTh OT Mek(pa3HbIX XapaKTepH-
cTuk (opmupyeMbix MarepuasioB [12]. BenencrBue nporeka-
HUSI THIPaTallMOHHBIX IPOLECCOB HA IOBEPXHOCTH YaCTHII
YHT o0pa3yroTrcst 3apoApIlIN MPOAYKTOB T'MApATAlMH, KOH-
LHEHTPUPYIOLINE TUApaTHbIE 00pa30BaHMs, YTO NPHBOAUT K
YIIyUYIICHUI0 MEXaHUYECKUX XapaKTepPUCTHK LEMEHTHOW Mart-
puret [13-16].

B paborax [17,18] paccMOTpeH IIeMEHTHBII KOMIIO3HT, ap-
MHUPOBaHHBIH YTITIEPOJHBIMA HAHOTPYyOKaMM, KOTOpPBIH 00ia-
JIaeT MPEBOCXOAHBIMH IEKTPUUECKIMHU CBOHCTBAMH, UTO T103-
BOJISIET €MY CIY)KUTh BCTPOCHHBIM HATYUKOM [UII MOHHUTO-
PHMHIa COCTOSIHUSI KOHCTPYKIIMH.

KoMIT03uIIMOHHBIH MaTepHall, B COCTaB KOTOPOTO BXOJST
YHT, MOXHO OTHECTH K HaHOOETOHY. DTOT MaTepuayl obja-
JIa€T HE TOJIBKO BBICOKMMH IKCILTyaTallMOHHBIMH XapaKTepu-
CTHKaMH, TAKUMH KaK MTOBBIIICHHBIE TPOYHOCTH HA CXKaTHE H
M3rud, MOPO30CTOMKOCTH, BOJOHETIPOHNUIIAEMOCTb, SJIEKTpHUYe-
CKHE XapaKTEPUCTUKH, HO ele 001anaeT HeOOIbIINM yIelb-
HBIM BECOM M MOXET OBITh HCIIOIb30BaH B IPEIHANPSKEHHBIX
MOHOJUTHBIX NepekpbITHsX [19, 20], a, cnegoBareiabHO, B PO-
M3BOJICTBE KOHCTPYKIMOHHBIX 3JEMCHTOB TPH BO3BEACHUH
3/IaHUH ¥ COOPY>KEHHH B CYPOBBIX KIMMAaTHIECKUX YCIOBHUSIX.
B cBs13u ¢ 1yem, Obli1a onpesieNieHa Ieb HCCIIEI0BAHMUS, KOTOpast
3aKJII0YACTCSl B YCTAHOBJIECHHH BO3MOKHOCTU BO3BEICHHS B
yenoBusax Kpaitnero CeBepa 9KCIIEpUMEHTAILHOTO 00BEKTa B
BHJIE Tapaxka 6X6 M U3 TPEXCIOWHBIX CTCHOBBIX MaHEJIeH, U3ro-
TOBJICHHBIX U3 HAHOOETOHA Ha MOOMJILHOM 3aBOJIE.

3amauaMu UCCIE0OBaHUS SABISIOTCS:

- OJly4eHHe HaHOOETOHA COTJIACHO TPEJIOKCHHON pelier-
Type ¥ U3yUCHHE €r0 OCHOBHBIX XapaKTEPUCTHUK;

- MPOM3BOACTBO M3 HAHOOETOHA TPEXCIOWHBIX CTEHOBBIX
naHenei Ha MOOMIIBHOM 3aBOJIC;

- BO3BE/ICHHE YKCIIEPUMEHTAILHOTO 0OBEKTa B BUJIE Tapaxa
6X6 M BasK OT POU3BOIACTBEHHONW HHPPACTPYKTYPHI B YCIIO-
Busix Kpaitrero Cesepa;

-o1ieHKa 3 PEeKTUBHOCTH TIPOACIaHHOW PabOTHI.
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INTRODUCTION

The development of the Arctic, the Far East and Sibe-
ria currently seems extremely promising for the Russian
Federation economic promotion. Consequently there is a
great demand for the construction of industrial and civil
objects in the Russian northern regions. The development
of infrastructure in remote areas requires the creation of
highly functional building materials, primarily those with
accelerated strength and increased frost resistance. The de-
velopment of various composite materials, as well as tech-
niques for intensifying technological processes of winter
concreting, contribute to the the development of territories
with harsh climatic conditions [1-5].

Nano- and ultrafine additives are often introduced into
the composite structure provided that their particles are
stabilized in the binder matrix. Uniform distribution of the
additive in the material’s structure provide a rapid strength
growth during all hardening periods [6-8], which is im-
portant for construction in the Far North regions.

One of the most well-known nano additives that pro-
vide a building material with high strength are carbon
nanotubes (CNTs) [9-11]. The improvement of mechani-
cal properties is determined by the interactions between
CNTs and cement, i.e. by the interfacial characteristics
[12]. In the process of cement hydration, nuclei of the re-
action products are formed on the surface of CNT parti-
cles, accelerating the strength gain and leading to an im-
provement in the mechanical characteristics of the cement
matrix [13-16].

In [17,18] the authors study a cement composite mo-
dofied with carbon nanotubes with excellent electrical
properties, which allows it to serve as an integrated sensor
for monitoring the condition of building structute.

The composite material, which includes CNTs, can be
attributed to nano concrete. This material exhibit not only
high performance characteristics, such as increased com-
pressive and bending strengths, frost resistance, water re-
sistance, electrical characteristics, but also has a low den-
sity and can be used in prestressed monolithic floors [19,
20], and, consequently, in the production of structural ele-
ments for the construction of buildings and structures in
harsh environmental conditions.

Therefore, the purpose of the study was determined,
which is to establish the possibility of constructing an ex-
perimental 6x6 m garage facility manufactured from nano
concrete three-layer wall panels in the conditions of the
Far North.

The objectives of the study are:

- preparation of nano concrete according to the pro-
posed formulation and study of its main characteristics;

- production of nano concrete three-layer wall panels
at a mobile plant;

- construction of an experimental 6x6 m garage facility
away from the production infrastructure in the Far North;

-evaluation of the effectiveness of the work.
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MaTepnam,l H METOAbI UCCJICA0OBAHUSA

OOBEKTOM HCCIIEOBaHUH SBISIFOTCS TPEXCIOWHBIE CTEHO-
BbIE TaHENIM U3 HaHOOeToHa. JIJIsl M3roToBJIEHUs] HAHOOETOHA
UCIIOJIb30BANINCH AUCIIEPCUH OJJHOCTEHHBIX YIJIEPOHBIX HAaHO-
Tpyook ¢upmer TUBALL. Ilpouecc BBeneHMs IiacTU(HKa-
Topa ¢ aucneprupoBanbiMu YHT B cTpykTypy Gerona ocy-
IIECTBIIIETCSI ITyTEM CMEIINBAHUS KOMIIOHEHTOB B O€TOHOCMeE-
CHUTENBHON ycTaHOBKe. braromaps mpenBapuTenbHOMY AMC-
neprupoannio YHT ynamoce moOHTBCS paBHOMEpPHOTO pac-
MpeneneHst UX B CTPYKType OeTOoHa, 4TO CcrmocoOCTBOBAIO
(hOpMHUPOBAHHUIO MATPHUIBI C IUIOTHOM CTPYKTYpOH M OTCYT-
CTBHEM BHYTpPEHHUX moJioctel (puc.l).

PUCYHOK 1

BHYTPEHHSSI CTPYKTYPA HAHOBETOHA
(x3000 yBeuuenue)

Figure 1

Nano concrete structure (x3000 magnification)

IJKCHepHMEHT U 00cy:KAeHUEe Pe3yJIbTATOB

[Tpexxae 9emM npuCTyNUTh K MPOSKTHPOBAHUIO 00BEKTa CTPO-
UTEIbCTBA W3 HAHOOETOHA, MPOBOAMINCH (H3MKO-MEXaHHYeE-
CKHE UCITBITAHHSI Ha THAPABIUIECKOM IIpecce ero oopasnos (pu-
cyHOK 2). [IpounocTs Ha cxxaTtne HAaHOMOAN(DUITPOBAHHOTO 00-
pasua cocraBuna 33,6 MIla, Ha m3rub — 8,2 MIla, npu >TOM
IJIOTHOCTh MaTepuana coctasuna 1908 xr/m>. Ilonyuennsle pe-
3yJbTATHI MO3BOJISIOT COKPATUTh KOJIMYECTBO IIEMEHTa B 2 pasa,
a uMeHHo, ¢ 500 xr/mM® mo 250 kr/m°, yBEeNIMYUB KOJIHYECTBO
TecKa, MyTeM BHECEHHS YTIIEPOAHBIX HAHOTPYOOK. Mopo3ocToii-
KOCTh HaHOOeTOHa cooTBeTcTBYeT Mapke F 300, BomoHenpoHu-
maeMocTb - W20.

PUCYHOK 2

OU3UKO-MEXAHUYECKHUE
HNCIIBITAHUS OBPA3IIOB

a) MCNIBLITAHUS MPOYHOCTH HA CHKaTHE
0) McNBITAHUS NPOYHOCTH HA U3TrU0

Figure 2
Mechanical testing of the samples a

B xauecTBe ONBITHOIO Oﬁ’beKTa JJIA CTPOUTCIILCTBA 6]:1.]'1 BbI-
OpaH TpOEKT rapaxa 6x6 M ¢ BbICOTOH 3 M. CTpOHUTEIHCTBO
MIpEeAToJaraeTcs BN OT IPOU3BOACTBEHHON HH(PACTPYKTYpHI
B ycnoBusx Kpaitnero Cesepa, TpeOyromux OBICTPOTro Bo3Beze-
HUsI KOHCTpYKuuH. OnTHManbHa B 3TOM CIydae TEXHOJOTHS
CTPOWTENHCTBA C IPUMEHEHHEM TPEXCIOMHBIX CTEHOBBIX TaHEe-
JIeH, IPOM3BEeIEHHBIX HAa MOOMIIBHOM 3aBOJIC.

Materials and methods

The object of the study are three-layer nano concrete
wall panels. Dispersions of TUBAL single-walled carbon
nanotubes were used for the manufacturing of nano con-
crete. The process of introducing a plasticizer with dis-
persed CNTs into the concrete structure is carried out by
mixing the components in a concrete mixing device. Due
to the preliminary dispersion of CNTs, it was possible to
achieve their uniform distribution in the concrete struc-
ture, which contributed to the formation of a dense matrix
with no internal cavities (Fig.1).

Experimental procedure and discussion

Before starting the design of the nano concrete con-
struction facility, physical and mechanical tests of the
samples were carried out on a hydraulic press (Figure 2).
The compressive strength of the nanomodified sample
was 33.6 MPa, bending strength was 8.2 MPa, while the
density of the material was 1908 kg/m3. The results ob-
tained make it possible to reduce the amount of cement
by 2 times, from 500 kg/m? to 250 kg/m? and to increase
the amount of sand by adding carbon nanotubes. The
frost resistance of nano concrete corresponds to the
F300, the water resistance is W20.

A 6x6 m garage 3 m height was chosen as an exper-
imental facility. The construction process is performed
far from the industrial production in the conditions of the
Far North, requiring short time construction. In this case,
the optimal construction technology is using three-layer
wall panels produced at a mobile factory.
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MoOWIBHBIN 3aBOJ CIIOCOOCH 00ECIIEYMBATh BBICOKYIO CKO-
POCTB ITPOM3BOACTBA, aBBTOHOMHOCTh Ha 0OBEKTE CTPOUTENBCTBRA,
HHU3KYI0 Ce0eCTOMMOCTh U COKpAIlleHUEe 3aTpaT Ha TPaHCIIOPTH-
POBKY U3JEIHIA.

Jlis BO3BeieHHs 00BbEKTa ObLIA MOATOTOBIICHA CTPOUTEIIFHAS
wromanka 7x7 M. [IponsBeneHa BeIeMKa TPYHTA IUIS TUTMTHOTO
(dyHIaMeHTa rapaxxa, MpPHUBE3eHbl MOOWJIbHBIE OETOHOCMECH-
TEJIbHBIC YCTAHOBKH, CTPOUTEIIbHBIC MaTEPUAIIbl M COMYTCTBYIO-
mee 00OpyIOBaHME: [IEMEHT, ITeCOK, Me0eHb, BOIa, AUCIICPCHS
YHT, nnactudukarop, apMaTypa, onmaiayOKa, ra3oBas IMymka, u
ITHCB - kabenn. Cxema packnaaku [THCB - kabeneit mpeacras-
JieHa Ha PUCYHKeE 3.

PUCYHOK 3

CXEMA PACKJIAJIKU ITHCB
KABEJIEN

The mobile plant provides high production rate, au-
tonomy at the construction site, low cost and reduction
of transportation costs.

A 7x7 m site was prepared for the construction of the
facility. Excavation of the soil for the slab foundation of
the garage was carried out, mobile concrete mixing de-
vices, building materials and equipment were delivered:
cement, sand, crushed stone, water, CNT dispersion,
plasticizer, steel reinforcement, formwork, gas gun, and
heating cables. The layout of the cables is shown in Fig-
ure 3.

== [1HCB
(+) —

Figure 3 (

Layout of heating cables

)

IMocre 3aBeprreHust mporecca co3anus GpyHIaMeHTa s ra-
paxka ObLTa coOpaHa omanxyOKa JUIsl TPEXCIOMHBIX CTCHOBBIX I1a-
Helel pa3mMepoM 6x3 M, a Tak)Ke YCTAaHOBJICHBI aHKEPHBIE OOJTHI.
IIpomecc 3anmBKM OETOHOM OCYIIECTBISUICA B TpH 3Tama. Ha
MIEPBOM 3Tale NMPOM3BOANIACH 3AJIMBKA HMXKHETO CIIOS MaHEeNn
tommuHoi 40 mm. Ha BropoM 3Tare npoBoaniack yKiIaaka Ter-
JIOU30JIALMOHHOTO MaTepHaia - neHononuctupona IICh-C 25, ¢
tonmuHoi 200 mM. HakoHnel, Ha TpeThbeM 3Tare OCYIECTBIIS-
Jlach 3aJIMBKa BEPXHETO CII0s [TaHEeI OETOHOM TOJIIHMHON 25 MM.
B nponecce nmpuroroBieHuss OETOHHOI cMecH Ha Ka)JIOM dTare
nobasisiack crabunmsupoBanHas qucriepcuss YHT ¢ koHneH-
tpauueit 0,1%.

Pacnamy6ka mpounsBommnack gepes 9-10 gacos. C momMomipo
aBTOKpaHa U3JAeNMe MOJHMMAJIOCh W YCTaHABIMBAJIOCH HAa
CTOHKY J0 cO3peBaHU. 3aTeM IIOBTOPSIICS MpoIiecc COOPKH OIra-
ny6xu. Ha pucynke 4. mpencTaBieHsl rOTOBas MaHEIb, H3TOTOB-
JICHHasl ¢ IPIMEHEHNEM HAaHOOETOHA Ha TUIOIIAJKE MOOMIBHOTO
3aB0J1a; KOpoOKa rapaka 6X6 M C yCTaHOBJICHHBIMHU MaHESIMHU U
3aKpEIMJICHHBIMH MEXIY COOOW CTaJbHBIMHU 3aKJIaJHBIMH (IIPO-
I[ecc MOTHATHS U YCTAaHOBKH COCTaBIII 3 yaca) U rapax 6x6 M.

ITocne Bo3BeneHuUS rapaxka ObLJIO 3aMEPEHO TEPMHUUYECKOE CO-
IPOTUBJIEHHE, KOTOpoe cocTasuio 5,07 Br/(m?-°C), npu Toi-
myHe OETOHA ¢ OJTHOM CTOPOHBI 2,5 cM U ¢ Apyroit 4 cM u To-
nmHe yremmrens 20 cm (momuctupoi [ICB-C 25).

[TonBoas uroru npoaenanHoi paboThl, yCTAHOBHUIIH, YTO MTPU
BO3BEJICHNH SKCIEPHUMEHTAIFHOTO Tapaka U3 HaHOOeToHa Obuia
COKpaIlleHa TOJIIIHHA OETOHHOTO CIIOS 10 25 MM B TPEXCIIOHHOMN
OCTOHHOIN MaHENN C KaXAOH CTOPOHBL JTO CHOCOOCTBYET
YMEHBILICHNIO Beca KOHCTPYKIIMOHHOTO 3JEMEHTa B OOBEKTE
CTPOUTEIBCTBA, YTO MO3BOIAET COKPATUTh PACXObl HA MaTepH-
ajbl, TPYJIOBBIE PECYPCHI, TPAHCIIOPTUPOBKY U MOHTaX U3JIEIHUH.
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After finishing the garage basement construction, the
formwork for 6x3 m three-layer wall panels was assem-
bled, and anchor bolts were installed. The process of
pouring concrete was carried out in three stages. At the
first stage, the 40 mm bottom layer of the panel was
filled. At the second stage, the installation of thermal in-
sulation material was carried out which was 200 mm pol-
ystyrene foam PSB-S 25. Finally, at the third stage, the
25 mm top layer of the panel was filled with concrete.
During the preparation of the concrete mix, 0.1% stabi-
lized CNT dispersion was added at each stage.

The formwork removing was carried out after 9-10
hours. With the help of a crane, the product was lifted
and placed on a rack for further hardening. Then the
formwork assembly process was repeated. Figure 4
shows a ready-made panel made using nano concrete at
the mobile plant; a 6x6 m garage box with installed pan-
els and steel inserts fixed to each other (the lifting and
installation process took 3 hours) and a 6x6 m garage.

After the construction of the garage, the thermal re-
sistance was measured, which was 5.07 W/(m2-°C), with
2.5 cm of concrete layer on one side and 4 cm on the
other and 20 cm of insulation material (polystyrene PSB-
C 25).

As a result of the work, it was found that the con-
struction of an experimental nano concrete garage leads
to the reduction of the concrete layer up to 25 mm in a
three-layer concrete panel on each side. This reduces the
structural elements weight and reduces the cost of mate-
rials, labor, transportation and installation of products.
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PUCYHOK 4

93TAIIbI BO3BEJJEHUS T'APAYKA U3 HAHOBETOHA
a) nmaHeJb;

0) KopoOKka rapaxa;

B) FOTOBBIi rapax 6x6 m

Figure 4
Stages of nano concrete garage construction
a) nano concrete panel;

0) garage;
B) final result.

3akJ/rouenue

Jlnist co3manus SKCIIEpUMEHTAIBHOTO 00BEKTa B BUAE Tapaka
HCTIONB30BAJICS HAHOOETOH, B COCTaB KOTOPOTO BXOAWIIH cTabu-
nu3upoBanHbie aucnepcunt YHT. 3a cuer ux BBeseHust B 6ETOH-
HYyIO CMECh PaCXOJ JOPOTOCTOSIIET0 IEMEHTa CHU3MICS 0e3 1Mo-
Tepu (U3MKO-MEXaHHMYECKUX CBOWCTB, YTO TO3BOJIMIIO B TPEX-
CIIOITHOM CTEHOBOW MaHeNu C KaXJOW CTOPOHBI COKPAaTUTh TOJI-
IIMHY OETOHHOTO CJI0s /10 25 MM M YMEHBIINUTh BEC CAMOTO KOH-
CTPYKLIMOHHOTO 3jieMeHTa. [Ipu 3TOM OBUTH COKpAallleHBI pac-
XOJIbl Ha CBHIPHEBBIE MaTEPHAJIbL, TPYIOBbIE PECYPChI, TPAHCIIOP-
THUPOBKY U MOHTaX u3zenus. Takum o0pa3om, IpH BO3BEACHUN
o0bekTa cTpouTenbcTBa B ycioBusax KpaiiHero cesepa Obuia
CHIDKEHa 1 ero cebectonmocts Ha 20%.
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Conclusions

To create an experimental garage nano concrete with
stabilized CNT dispersion was applied. Due to CNTs in-
troduction into the concrete mixture, the amount of ex-
pensive cement was reduced without loss of physical and
mechanical properties, which made it possible to reduce
the thickness of the concrete layer up to 25 mm in a
three-layer wall panel on each side and reduce the weight
of the structural element itself. At the same time, the
costs of raw materials, labor, transportation and installa-
tion of the product were reduced. Thus, during the gar-
age construction process in the Far North, its cost was
also reduced by 20%.
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