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[Tpoananm3upoBaHO COBPEMEHHOE COCTOSHHE
Bompoca oOecriedeHusi TpeOyeMoil CKOpOCTH
Habopa TpoYyHOCTH OETOHOM B  3UMHHUX
YCIIOBUSIX 1 BO3MOKHOCTH ITPUMEHEHUS PAaHHETO
HAarpy>KeHHsT MOHOJMTHBIX KOHCTPYKLIUH IIpH
o0ecreueHNN HA/KHOCTH M 0€30MacHOCTH
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The article analyses the topical question about
the desired speed of concrete strength
development assurance in winter conditions
and the possibility of monolithic structures
early loading in reliability and safety
assurance. Having analyzed the experience of
various methods of concrete temperature
maintaining the authors studied the process of
concrete strength development at temperatures
different
regression analysis and regression models
were built based on the dependence of

from normal. The multivariate

modified concrete compression strength on
time and temperature of hardening. The article
provides the equations of multiple regression.

Keywords: reliability of structures, concrete,
early loading, concrete strength development
in winter conditions, regression, forecasting.

Introduction. The construction industry,
despite the crisis, continues the growing

trend both in Russia and abroad.
Construction  technology is constantly
improving, developing new materials

introducing the automated design systems
and operational practices.
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MIPOEKTUPOBAHMSI U METOJAbl OpraHU3aIlul padoT,
OJIHAaKO MpoOsieM B 3TOM o0JacTu OCTaercs Io-
MPEKHEMY MHOXKECTBO.

CrpoutrenpHble OOBEKTHI, Kak IPaBUIO,
NpeAHa3HauYeHbl ISl JUIMTENILHOTO NpeObIBaHUS B
HUX JIIOJIEH, @ CPOKU MX CIY>KObl HMCUUCISIIOTCA
JECSTUIICTUSIMU, TTIO3TOMY K HUM MPEIbSABISIOTCS
MOBBILICHHBIE TPeOOBaHMS IO JIOJITOBEYHOCTH,
HaJeKXHOCTH M Oe3omacHoctH [1].

YHCJI0 IIponeccoB u

bombmoe
BBITIOTHSIEMBIX
TEXHOJIOTHiA,

MMPUMCHACMBIX rpoKas

HOMCHKIJIaTypa HCIIOJIb3YCMBIX MaTcpuruaioB,

M3CMMA M KOHCTPYKUUWA  0OyCIIaBIMBAIOT
BBICOKME KBaJIM(UKAMOHHBIE TpeOOBaHUA K
paborHukaMm. C TOYKM 3peHHs O0€30ImacHOCTH
TpyZa CTPOUTENbHASL OTPACIb OCTACTCS OJHON U3
Hanbojee TPaBMOOIACHBIX, TO €CTh BOIPOCHI
HAJICKHOCTH U 3MaHUH U

COOPY)KGHI/Iﬁ HC YTpauuBAKOT MU B HACTOAIICC

0€301I1aCHOCTH

BpEMs CBOEH aKTyaJIbHOCTHU.

OO0mme 1NoJI0KEHHUSI PAHHEI0 HArpPYKeHHs
0eTOHHBIX KOHCTPYKIMi. WHIMBUAYaJIbHOCTH
OOBEKTOB M  CTPEMJICHHE TPOEKTHBIX U
CTPOUTEIBHBIX OPraHU3alUi CHU3UTH CTOUMOCTh
CTPOUTENIBCTBA OOYCIOBWIIM YBEJIWYEHUE 10U
KOHCTPYKILUH, BO3BOJAUMBIX M3 MOHOJIUTHOIO
O6eroHa. KopoTkue CpOKH  CTpOMTENbCTBA,
JUKTyEeMbIE 3aKa3uMKaMH, TpeOYyIOT BBICOKON
MHTEHCUPUKAIUU MIPOU3BOJICTBA U

HCYKOCHUTCIIbHOI'O BBIIIOJTHEHUA Fpa(i)I/IKOB
OpraHusaiuu pador.

Poct 00beMOB BO3BeACHUS KOHCTPYKLUH M3
MOHOJIUTHOTO OETOHA U JKeJIe300€TOHa, HECMOTPS
Ha IpeuMylIecTBa TEXHOJIOTHH u
MHOTOYHCIICHHbIE HCCIIEIOBAHUS B ATOM 00J1acTH,

CTaBAT TEpe] CTPOUTEIBLHOW OTPaCbIO IEJIbINA

psan npooJieM. CogepliieHCTBOBaHHE
TEXHOJIOTHYECKUX  TIPOIECCOB W BBICOKUM
YPOBEHB MEXaHU3aIu MO3BOJISIOT

MHTEHCU(PUIIMPOBATh CTPOUTEIbHBIE PAadOTHI U
COKpAaTUTh CPOKH CTPOUTENLCTBA. OIHAKO B 3TOM
cllydae IIEpUOJ Harpy>KeHHs paHee BO3BEIEHHBIX
KOHCTPYKLUMH 3HAYUTEIbHO CcoKpamaercs. s
MOHOJIUTHBIX OETOHHBIX M JK€JIe300€TOHHBIX
U3JIEJIUI 9TO HEJOMYCTUMO, ITOCKOJIBbKY COITIACHO

b

However, there are still a lot of problems in
this field.

Construction projects are usually designed
for long stay in them, and their terms of
service are calculated over decades, so they
have increased requirements for durability,
reliability and safety [1]. A large number of
running processes and applied technologies,
a wide range of used materials, products and
dictate  high  qualification
requirements for employees. From the point
of occupational safety, the

structures

of view
construction industry remains one of the
most traumatic, that is, the reliability and
safety of buildings and structures do not lose
their relevance.

General provisions of early loading of
concrete structures. The individuality of
objects and the pursuit of design and building
organizations to reduce the cost of
construction have caused the increase in the
proportion of monolithic concrete structures.
Short construction time frames dictated by
the customers require a high degree of
intensification of production and strict
working schedules.

Growth of quantity of construction of
monolithic concrete structures and reinforced
concrete structures, despite the technology
advantages and the numerous studies in this
field give the construction industry a number
of problems. Improvement of technological
processes and high level of mechanization
give the possibility to intensify construction
activities and to shorten construction period.
However, in this case, the period of loading
of previously built structures is significantly
reduced. For monolithic concrete and
reinforced concrete  products it s
unacceptable, as according to Construction
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CHulI 3.03.01-87 [2] npu BO3BEIECHUHN HECYIIHNX
U OrpaXIAIOMIMX KOHCTPYKIIMM K MOMEHTY
NPUJIOKEHUS K HUM TIOJTHON Harpys3ku JOJDKHA
ObITH OOecreyeHa MpPOeKTHas MPOYHOCTh OeToHa
(100% ot mpouHOCTH B 28 CYTOYHOM BO3pacTe
[3, 4].

COKpalICHHuEC

Takum oOpazom, B psjue claydacB

CPOKOB CTPOMTENIbCTBA
HEBO3MOXHO.

OcoOyro ocTpoTy 3Ta mpodiiemMa IproOpeTacT
B XOJOIAHOE BpeMs TO/a, TIOCKOJIBKY TIpH

IIOHUKXCHHBIX TEMIICpaTypax CKOpPOCTb
ruaparanuy ICMEHTAa 3HAYUTCIbHO CHUKACTCA. B
WCCJICIOBAHMX, TIPEIICTABICHHBIX B padoTax [5—
10], cpencTBa

BBITIIOJTHEHUS] OETOHHBIX Pa0OT B 3UMHMI MEPUOI.

NpPUBEJIEHBl  METOIBl U
OTMeueHo, 4TO MPH BHIOJHEHUH OMpEeAeeHHBIX
TpeOoBaHUM, MPOUYHOCTh OETOHA B 28 CYTOYHOM
BO3pacTe mpu TemmepaTrype TBepaeHus 5°C
cocraBisier He Oonee 80% mpoeKTHOH, a mpu
temneparype 1°C — menee 70%. B atom ciyuae,

3arpyKeHuu
o0ecreuynTs

pu ITOJTHOM OETOHHBIX

KOHCTPYKLIUH, coOnroieHue
rpauKoOB MPOU3BOJCTBA Pa0OT C BBINOIHEHUEM
tpeboBanuit CHull HeBo3MOXHO.

ITockonbKy B peaIbHBIX YCIOBUSX
3arpyXeHue (GbyHIaMEHTOB IIPOUCXOTUT

MO3TanmHO (MOHTaX KOJIOHH, ¢epM, cBs3ed u

KpPOBEJIBHOTO MOKPBITHS), TO AMeeTCst
BO3MOKHOCTb paHHEro Harpy>XeHus
CTPOUTEIBHBIX KOHCTPYKIHUH pu

COOTBETCTBYIOIIEM 00OCHOBAHUH.

C »oToil wHenblo COTpyIHUKaMHU KadeIpbl
«TexHonoruss CTPOUTENBHOIO MPOU3BOJICTBA»
OxHO-Ypanbckoro roCyJapCTBEHHOI'O
YHUBEPCUTETAa KaHAUAATOM TEXHUYECKUX HayK
IOnycoBeiM H. B. m kaHauaatoM TEXHUYECKUX
Hayk Kosame C. b. paspaboran periameHT

«Pannee Harpy>XxeHue CTPOUTETBHBIX
KOHCTpPYKUMii». PemeHusi, TpuUBEICHHBIE B
periaamMeHTe, MO3BOJISIOT ONPENETUTh TPeOyeMyto
MPOYHOCTh u MPOAOJIKUTEIIBHOCTh
BBIIEp)KMBaHUS OETOHA Ha OTAEIBHBIX JTamax
Harpy>kKeHUsT MOHOJIUTHBIX  KEJIe300€TOHHBIX
KOHCTPYKIUH, TakuX Kak (QyHZaAMEHTHI TOJ

KOJIOHHBI M TEXHOJIOTMYECKOEe 000pynoBaHUE,

Regulation  Standards  Building  Code
3.03.01-87 [2] during the construction
process the design concrete strength (100%
strength in 28 days [3, 4]) should be provided
to the moment of full load application to the
bearing and enclosure structures. Thus, in
some cases, reduction of construction period
IS impossible.

Especially acute this problem becomes in
cold season, since at lower temperatures the
rate of cement hydration is greatly reduced. In
the studies provided in the papers [5-10], the
methods and means of execution of concrete
works in winter period are presented. It is
noted that in the implementation of certain
requirements when the hardening temperature
is 5 ° C, the strength of concrete at 28 days is
not more than 80% of the project, and at a
temperature of 1 © C — it is less than 70%. In
this case, if we have the full loading of
concrete structures, it is impossible to meet the
requirements of Construction Regulation
Standards Building Code and to comply with
the schedules of works.

Since in real conditions the loading of
foundations occurs in several stages (erection
of columns, trusses, connections, and roofing),
there is a possibility of early loading of

building  structures  with  appropriate
justification.
To this end, the employees of the

"Technology of construction™ department of
South Ural state University, PhD in Technical
Sciences N. V. Yunusov and PhD in Technical
Sciences S. B. Koval have developed the
regulations "Early loading of building
structures”. The decisions that the regulations
contain, will help to determine the strength and
curing period of concrete at various stages of
loading of monolithic reinforced concrete
structures such as foundations under the
columns and technological equipment, building
walls, etc.
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CTEHBI 3JJaHUM, U T. II.
CymHoCTh  METOJIa PaHHETO0 HarpyKCHHS

3aKJII0YAeTCsl B TOM, YTO B Ka4yeCTBE KpHUTEpUs,

OTPEIEISIONIETO MEXKITY

MPUIIOKEHHOW BHEIIHEH Harpy3ku U Tpedyemoit

CBA3b IMPOLCHTOM

K MOMEHTY 3arpyKeHusi HpOYHOCTH OeToHa,

BBICTYNaeT  KOX(PQPHUIMEHT  HWHTCHCUBHOCTH
3arpy>KeHHsI.

dusnueckuit CMBICIT koa(durmenta
WHTCHCUBHOCTH 3arpyXXCHHUs 3aKI0YaeTcs B

ONpE/CIICHUN BEJIIMYMHBI BHEIIHEH Harpysku,
NPUIIOKEHHOW K OETOHY, HE BBI3BaBUICH INpU
MOCJIEAYIOLEM Habope

JNECTPYKTHUBHBIX IMPOIIECCOB OETOHA, MPHUBEIIINX

MIPOYHOCTH

K CHI)XCHUIO WHTEHCUBHOCTU TBEPJICHUS WU
copocy  MPOEKTHOI Benuunna
WHTEHCUBHOCTU  3arpy>KeHUsT  He
MIOCTOSIHHOM BETMYMHON U 3aBUCUT OT MPOYHOCTHU

OeToHa K MOMCHTY IHPHWJIOKCHHA K HEMY

IIPOYHOCTH.
SABJIACTCA

BHEIIIHEW HArpY3KHU.

B pamkax mporpaMMbl  CTaHAApTU3ALUU

HAllMOHAJILHOTO  OOBEIMHEHUsI  CTPOUTENEH,

HaIlpaBJICHHON Ha peanusanuro
I'panoctpourtensHoro  komekca  Poccuiickoit
Oenepannn, OenepanbHbIX 3aKOHOB Poccuiickon
®enepaunn, 1nocraHoBieHUud —IIpaBurenscrBa
Pocculickoit Oenepanuu u IIPUKA30B
MunucTepcTBa

PEruoHajJIbHOr O Pa3BUTHUA

Poccuiickoit denepanuu,

«KoHcTpyknn

pa3zpaboTaHbl
peKOMeH1aluu MOHOJIMTHbIE
OeTOHHBIE U Kelle300eToHHbIe. TexHuyeckue
TpeOOBaHUs K NMPOU3BOJICTBY paboOT, MpaBuiia U
METOABl KOHTPOJISD» ISl BBIPAOOTKH €IMHBIX
TpeOOBaHUN 1O TPOU3BOJACTBY M KOHTPOIIO
KayecTBa OETOHHBIX pabOT B 3UMHEE BpeMs.
CoBpeMeHHBIE MeETOABI
yxoay 3a
AHanu3upys

W CcpeacTBa MO

0€TOHOM B 3MMHHH TIEPUO.

HaKOIUIGHHBII K  HACTOSIIEMY
BpEMEHH ONBIT B 00JAaCTHM MPOU3BOJACTBA U
KOHTpPOJISI KadecTBa OETOHHBIX pPabOT, a Takxke
OIBIT 3MMHET0 OETOHHPOBAHUS CTPOUTEIBHBIX
OpraHM3alii  Halero MOKHO
OTMETHUTh, YTO HECMOTPs Ha OOJBIIOH 00BEM

uHboOpMallUd U TOAPOOHOE OIMHUCAHHWE METO/I0B

peruoHa,

yxoaa 3a OETOHOM MpH HU3KUX TeMIlepaTrypax

b

The essence of the early loading method is
that the criterion that defines the relationship
between the percentage of applied external
load and the required concrete strength to the
time of loading is the intensity of load
coefficient.

The physical meaning of the intensity of
load coefficient is to determine the external
load applied to concrete, which in the
subsequent concrete strength development do
not cause destructive processes of concrete,
which lead to the decrease in the intensity of
hardening or in the design strength. The value
of intensity of loading is not constant and
depends on the concrete strength to the
moment of application to it external load.

To develop uniform requirements for the
production and quality control of concrete
works in winter time the recommendations
"Monolithic concrete and reinforced concrete
constructions. Technical requirements for the
execution of works, the rules and methods of
control” were developed in the framework of
the standardization of national association of
builders aimed at the implementation of the
Russian Federation City Planning Code,
Federal laws of the Russian Federation,
resolutions of the Government of the Russian
Federation and orders of the Ministry of
regional development of the Russian
Federation.

Modern methods for curing of concrete
in winter. Having analyzed the gained so far
experience in the field of production and
quality control of concrete works, as well as
the experience of winter concreting of building
organizations of our region, it can be noted that
despite the large amount of information and
detailed descriptions of the methods for curing
of concrete at low temperatures emergency

b 40
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HEIITaTHbIE CUTyallMd BO3HUKAIOT JOBOJBHO
gacto. OO0 3TOM CBUAETEILCTBYET, HaIpUMEp,

OTIBIT CTPOUTENBCTBA 00BEKTOB,
ocymectBiasieMblx OO0 «Mpnon».

JlnurensHOE BpeMs 000 «Hpnon»
OCYIIECTBISICT CTPOUTEIILCTBO HA TEPPUTOPUHU
Pocrosckoii obnactu KapKacCHBIX

IIPOMBIIIJICHHBIX 00BEKTOB € METANIMYECKHMH

paMaMu u MOHOJIMTHBIMHA OETOHHBIMH

¢dbynnamentamu (puc. 1)
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situations arise quite often. The construction
experience of "Irdon" can be such an example
of this.

For a long period of time on the territory of

the  Rostov  region  “Irdon"  provides
construction of frame industrial units with

metal frames and solid concrete foundations
(Fig. 1).

Puc. 1. O6wexts crpoutensctsa OO0 «Upaon»

Fig. 1. «Irdony construction sites

[IpoekTHbIE pelieHus OCHOBHBIX
KOHCTPYKTHUBHBIX JJIEMEHTOB YHH(DHUIIMPOBAHBI,
9TO TO3BOJISIET TpU d(PPEKTHBHON OpraHU3alUuU
TpyJda B TEYCHHE HECKOIBKUX HENIETh BO3BOJIHUTH
00BeKTHI mIomaaso 10 3500 m3. M3-3a GonbImx
00BEMOB u HaMPsKEHHBIX rpadukoB
CTPOUTENHCTBA PAOOTHI BEAYTCS KPYTIBIA TO[,

INprU4eM 10 MUHUMYMa COKpAIIatOTCA MHTCPBAJIbI

BpEMEHU bi (0] Havaia MOHTaXa
METaJUIOKOHCTPYKIIUH Ha OeTOHHBIC
dbyHmameHTel, dYTro  TpebyeT  OOOCHOBaHUS

BO3MOKHOCTH BEJIEHUS MOHTAXHBIX PaboT.

WccnenoBanmii, IOCBSIICHHBIX TEXHOJIOTUH
OETOHHBIX pabdOT U KMHETHKE Habopa MPOYHOCTH
0ETOHOM B HOPMAJIBHBIX YCIIOBHUSX, IPOBEACHO
MHOXECTBO [11-15]. CornacHo 3TUM
UCCIIEIOBaHMAM, HarpykeHne (yHIaMEHTOB

BO3MOXHO TOJIbKO 4epe3 21-24 nHs mocnie

Design decisions of the main design
elements are standardized, which with efficient
organization of work makes it possible to build
facilities with an area of up to 3500 m3 in a
few weeks. Because of the large volumes and
tight construction schedules the work is
conducted year-round, and the time prior to
installation of steel structures on concrete
foundations is reduced to the minimum, which
require  substantiation of
assembly work performance.

There are a lot of studies on the technology
of concrete works and the concrete strength
development kinetics under normal conditions
[11-15]. According to these studies, the

loading of foundations is possible only 21-24

possibility  of

Chttpbpsjournal Ul
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Havaya pador.

B mpouecce crTpoutenbcTBa Ha  KaXJIOH
IUIOIIAAKEe BO3BOAMIOCH Oonee 700 mpakTHUECKU
OAHMHAaKOBBIX q)yHI[aMeHTOB Ioa KOJOHHBI H
ok0710 25000 M? 110J10B U3 MOHOIUTHOTO GETOHA.
AHanusupys TEXHOJIOTHYECKYIO
[IOCJIEI0BATENbHOCTh ~ BO3BEIEHUS  OOBEKTOB,
IPEJCTAaBICHHbIX Ha pHUC. 1, MOXHO OTMETHTb,
YTO IpU MPaBWIBHONM OpraHu3aluu paboT u
HOPMAJIbHBIX ~ TEMIEPAaTYpPHbIX  YCIOBHUAX B

JETHUH Tepro]; paboTa MPOBOJIUTCS B INTATHOM

pexuMe.
B ycnoBusix NOHMKEHHBIX — TeMIEpaTyp
MepPUO/I, TpeOyromuiics TUTSt Habopa

HEO0OXOIMMOM MTPOYHOCTH OETOHOM, MOXKET OBITh
BEChbMa MPOJIOJIKUTEIBHBIM, TIOITOMY BO3HHKAET
HEOOXOJMMOCTh MHTCHCHU(DHUKAIIMH  POIECCOB
TBEpJICHHsI OETOHA.

Br16op 3¢ dexkTrnBHOTO MeToAa MOAAEPIKAHUS
TEMIIEPaTYpPHOTO PpEXHMa THApaTalud OeTOHA
JOCTaTOYHO CioXeH. Hanbosnee SKOHOMHYHBIM
SBIISICTCS METOJ TEPMOCA, XapaKTEePHU3YIOLIHIACS
TeM, 4T0 OETOH HaOWpaeT MPOYHOCTHh 3a CYET
COXpaHEHHUs TelJa, BHECEHHOTO B OETOHHYIO
CMECh TMpPU TPUTOTOBJICHHH U BBIACISEMOTO
[IEMEHTOM TIpU ero TBepAeHUU. OJHAKO BBICOKUN
MOJIYJb MOBEPXHOCTH OTpaHUYMBACT
MIPUMCHCHHE
Bo3ayxa 7-10°C.

OgHauM U3

ATOr0 MeToJla TemIepaTypamu

HanOoyiee TIPOCTHIX METOJIOB

SIBJISICTCS KOHBEKTHBHBIN oborpes,
3aKJTIOYAIONIMACA B YCKOPEHUU  TBEpJEHUs
0eToHa 3a CU€T TEMJIOBOrO MOTOKA, MOJIaBaEMOT0
B 3aMKHYTBI 00bEM (TEIUISKH, TOHHEb H T. I1.).
[lepenaya TETIOBO HSHEPTUM OCYIIECTBISETCS
TEIUIOTeHEepaTOPaMHU K MTOBEPXHOCTH
KOHCTPYKIIUM  3a Harpes

BHYTPEHHUX CJIOEB KOHCTPYKLHW NMPOUCXOIUT 32

CUE€T KOHBCKIINHU.

CU4€T TEeIIONMpPOBOAHOCTH OeToHa. McTouHMKamu

TETTIOBOM SHEPIUU MOTYT OBbITh
3JIEKTPOKaJIopHUdepHl, IU3EIbHbIE
TEIUIOr€HEPaTOPhI IPSIMOTO (HermpsiMoro)

HarpeBa, ra3oBble HArpeBaTeNud M T. M. AHaIu3
OMbITa TPHUMEHEHUS DOTUX YCTPOMCTB Ha
o0BeKTax

HECKOJIBKHX CBUIACTCIIBCTBYET (0)

b

days after the work has started.
In the process of construction at each site

were built more than 700 nearly identical
foundations for columns and about 25000 m2
of flooring of reinforced concrete. Having
analyzing the technological sequence of
construction presented in Fig. 1, it can be noted
that with proper organization of work and
normal temperature conditions in summer the
work is carried out as it was planned.

At lower temperatures the period required to
develop the required concrete strength can be
long, therefore there is a need of
intensification of concrete hardening processes.

It is quite difficult to choose an effective

very

method of maintaining the concrete hydration
temperature conditions. The most economical is
the thermos method, which is characterized by
concrete gaining its strength at the expense of
retention of the heat applied to the concrete mix
during preparation and released by the cement
during its hardening. However, a high surface
module limits the application of this method to
the temperature of 7-10C.

One of the simplest methods is convective

heating, which is the accelerating of concrete
hardening due to the heat flow in a closed space
(cold protecting enclosure, tunnel, etc.). The
heat transfer to the surface structures by
convection is performed by heat generators.
Heating of the inner layers of the structures
occurs due to the thermal conductivity of
concrete. Sources of heat can be electric air
heater, diesel generators of direct (indirect)
heating, gas heaters, etc. The effectiveness
analysis of these devices at several facilities

indicates the uneven temperature distribution

b 42
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HEPAaBHOMEPHOM  DPACTpPENCICHUN TEeMIIepaTyp
BHYTPH TEIUIAKOB. M3-3a OOJIBINION TIJIOMIATN W

3HAYUTEIHHOTO paccTosHus MEXTY
KOHCTPYKLHUSMHU (byHIaMEHTOB nepenas
Temneparyp Moxer gocruratb 14°C. 310
OPUBOAUT K  BBICYIIMBAHHUIO  MOBEPXHOCTH

KOHCTPYKI_[I/Iﬁ U OTCJIaMBaHHUIO ITOBEPXHOCTHOI'O
ClI0sd, a B MCCTax, Hauboee YAAJICHHBIX OT
TEIIOr€HEPATOpOB, — K 3aMCIAJICHUIO Ha6opa
IIPOYHOCTH OETOHOM.

Hcnone3oBanue OecIUIaMEHHbBIX

nHppakpacHpix ropenok ['MU Taxke HE NHIIEHO

HEJIOCTAaTKOB. Jlaxxe  mpu  BBICOTE  MX

PaCIIOJIOKCHUA Hanqg nporpeBaeMoﬁ

MOBEPXHOCThIO TOJIa, paBHOW 3,5 M, mepemnajn
temmneparyp cocrtasisier 12°C. Tlockonbky mpu
0eTOHOM

JOCTUXXCHUH OIIp CHGHGHHOﬁ

IUTACTUYECKOM IMPOYHOCTH TpeboBajgachk €ro

NUTMpOBKa, TO KAYECTBEHHO BBIMOJIHUTH 3TH
paboThI IpH TaKOM Iiepenajie TeMIepaTypbl He
NPE/ICTABISUIOCh BO3MOXKHBIM. Kpome aToro, us3-
3a OOJIBIION TUIOMIAIM TOBEPXHOCTH TEIUISIKOB
UMEIM MECTO 3HAYMTENbHBIC TOTEPH TeIia u
3arpsi3HEHUs OKpyxaroteit cpes [17-18].
[IpumeHenne

YCKOpUTENIE TBEpPAECHUS H©

IporpeB 0ETOHA TOKE MOJHOCTHIO HE HCKIIIOYAIOT
MIPOSIBJIEHUS] HETaTUBHBIX IMOCIEACTBHUM, TaKk Kak
HEOOXOJIMMO YUYHTHIBaTh LEJIBbIA sl (HAKTOPOB:
CPEHEMECSIYHYI0 1 MUHHUMAJIbHYIO TEMIEPATYPY
OKPY’KaIOILEero BO3/yXa;
YKJIaJbIBAEMON  OETOHHOM

TEMIIepaTypy
CMECH; TeIUIOBOE
CONPOTUBIIEHHE ONMAITYOKH W €€ IUIomans. OTH
(bakTOpBl CYIMIECTBEHHO BIHUSIOT Ha CKOPOCTh
CTPYKTYpOOOpa3oBaHusi U TPEOYIOT MOCTOSTHHOMN
KOPPEKTHPOBKH  JTO3HPOBKH  MOJU(UKATOPOB.
Kpome »TOro, B CONHEUHBIE IHH Jdaxe IpH
OTPHIIATEIIFHOW  TEeMIlepaType  MPOUCXOIUT
OJTHOCTOPOHHHI TPOTPEB OMaTyOKH W pa3BHTHE
TpemnH (puc. 2). HemanoBakHoe BIMsSHHE Ha
TPEINHOOOPAa30BaHUE U HECYIIYI0 CIIOCOOHOCTH
UMEIOT

KOHCTpYKIUi [19]

reoMeTpuyYecKre napameTpsl

inside cold protecting enclosures. Due to the
large square size or large distances between the
foundations constructions temperature
difference can reach 14 ° C. This leads to drying
of the surface structures and the surface layer
delamination and in the most remote from the
heater places to slowing of concrete strength
development.

The use of flameless infrared burners also
has its disadvantages. Even if they are located
above the warmed surface of the floor of 3.5 m,
the temperature difference is 12 ° C. Due to the
fact that once the concrete reached its particular
plastic strength it needs polishing, it is
impossible to perform this work properly in this
temperature differences. In addition, due to the
large surface area of cold protecting enclosures
there is a significant heat loss and
environmental pollution [17-18].

The use of hardeners and concrete heating
does not fully exclude the possibility of negative
consequences because of the need to consider a
number of factors: monthly average and
minimum temperatures of the surrounding air;
the temperature of the cast concrete, the thermal
resistance of the formwork and its square. These
factors significantly affect the rate of structure
formation and require constant adjustment of
the dosage of modifiers. In addition, on sunny
days, even at subzero temperatures there occurs
unilateral heating of formwork and the
development of cracks (Fig. 2). The important
effect on the cracking and bearing capacity has
the geometrical parameters of the structures

[19].
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Puc. 2. Pa3zButue TpemuH B pyHIaMEHTaX

Fig. 2. Development of cracks in the foundation

CII0cO0 TMoABOAA TEILIA,
KOHQUTypanus  KOHCTPYKIIHA,
[IPUMEHAEMOI0

Takum o006pazom,
pasMepbl U
XapaKTEPUCTUKU IICMCHTA,
II0IIAb BHEIITHEH
Teriopusnueckue u

cBolicTBa OeToHa, a

KOHTaKkTa ¢ cpenou,

(bU3UKO-XUMHUECKHUE
TAK)KE€ XapakTep HX
U3MEHEHUs IIpU TBEPACHUU, KOHCTPYKLUHUS U
TEILIOBBIE XapaKTEPUCTUKU MaTepHUasoB
onanyOKu, U3MEHEHUs! YCIOBUM BHEIIHEN Cpeibl
3HAQYUTEIIBHO YCJIOXKHSIT NPOCKTUPOBAHHE U

KOHTPOJIb IPOYHOCTHU 0eToHAa B TCUCHHE 3UMHETO

eproJa.
[TockonbKy MHTEHCU(PUKAIUS CTPOUTEIBHBIX
MPOLIECCOB  HEPA3pbBIBHO  CBs3aHa C  HX

0€30IaCHOCTBbIO, TO  HEOOXOAUM  KOHTPOJIb
U3MEHSIOIIMXCS BO BPEMEHHM XapaKTEPUCTHK
O6eroHa. B »aTOll cBA3M onHOW M3 Hambosee
3HAYUMBIX  3a7a4 HE00X0IMMOCTb
MOHHUTOPUHTa U TPOTHO3WPOBAHHUSA

O0eToHa  MpU  pa3IMYHBIX  TEMIEpaTrypax

SABIISACTCSA
CBOICTB

TBEPJICHMSL.

JKCcnepuMeHTATbHbIE
KHMHETUKH THAPATanud 0eToOHA NpPH HHU3KUX
Temneparypax. OOecrieuynTh  HajyIekKaliee
KauecTBO OETOHHBIX PadOT MOXHO TOJBKO TpPHU

HCCJICJ0BaAHUA

OpraHu3aIu OTIEepaTHUBHOTO KOHTPOJISI
npouyHoctu OeroHa. OmHako, HECMOTpS Ha
MMEIOIIHMICS IHUPOKUN aCCOPTHUMEHT MPUOOPOB
HEepa3pyLIAOIIEro KOHTPOJISt
CTPOUTENBHBIX

MIPOYHOCTH

MaTcpuraioB, MOJIYYCHHC

Thus, the method of heat supplying, the
size and configuration of structures, the
characteristics of the used cement, the area of
contact with the external environment, the
thermophysical ~and  physical-chemical
properties of concrete, and the nature of their
changes during curing, the structure and
thermal  characteristics of  materials,
formwork, changes in  environmental
conditions greatly complicate the design and
control of concrete strength during the winter
period.

Since the intensification of the
construction processes is inextricably linked
to their safety, the time-varying
characteristics of the concrete must be
controlled. In this regard, one of the most
important tasks is the need for monitoring
and prediction of concrete properties at
different temperatures of hardening.

Experimental study of concrete
hydration kinetics at low temperatures. It
is possible to ensure proper quality of
concrete work only having the organization
of operational control of concrete strength.
However, despite a wide range of non-
destructive testing of building materials
durability, the obtaining of test results with a
high degree of accuracy in hardening

| ——
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pe3yJbTaTOB MCHBITAHUNA C BBICOKON CTENEHBIO
JOCTOBEPHOCTH TpPU  YCIOBHSX  TBEPACHUSA,
OTJIMYHBIX OT HOPMAJIBHBIX M B IIPOU3BOJILHBIC
CPOKH TBEPJCHHUS, BECbMa MPOOIEMATUYHO H3-32
OTCYTCTBHsI B TpHOOpax 3aBUCHMOCTEH Habopa
MPOYHOCTH I PA3IUYHBIX TEeMIlepaTtyp u
CPOKOB THJIpaTalllu.

Hcnonp3oBanue rpadukoB HabOpa MPOYHOCTH
MOAU(PUIIMPOBAHHBIX OETOHOB, MPEACTABIISIEMBIX
MIPOU3BOJIUTENAMU J00ABOK, TAaK:KE€ HEBO3MOXKHO,
MMOCKOJIbKY UCTIBITAHUS BBHITIOJHEHBI HA 00pa3max
C HCHOJIb30BAaHUEM WHIPEIUEHTOB BBICOKOTO
KadyecTBa. Ha crTpoiikax e, Kak NOpaBuio,
MIPUMEHSIOTCSI HEJJOPOTHE 3aNIOJIHUTENN U 1IEMEHT
CpeIIHero, a MHOTJIa U HU3KOro, KauecTBa. B aTom
ciydae — pa3paboTka  3aBUCHUMOCTEH TUIs
MIPOTHO3UPOBAHUS U KOHTPOJISI XapaKTEPUCTHK
OETOHOB pa3MUYHBIX COCTaBOB U KJIAcCOB IIO
MPOYHOCTH  NpUOOpeTaeT  OueHb  BaXHOE
3HAYCHHUE.

Pemenuto »Toil 3amauM MOCBSIIEH OOJIBIION
00BeM 1abopPaTOPHBIX u HATYPHBIX
MCCIICIOBAaHU KHHETUKU CTPYKTYPOOOpa30BaHUS
MOAU(DHUIIMPOBAHHBIX COCTABOB, BBITIOJHEHHBIN
corpynHukamMu Kadenpsl «CTpOUTENBCTBO U
texHocepHas OezomacHocThy UCOwuIl AI'TY
(punmuan AI'TY B 1. Hlaxtel) B TeueHue
HECKOJIbKHX JIET.

JlabopaTopHble UCIBITAaHUSI TMPOBOJWINCH B
TepMOKaMepax, TO3BOJIIONINX TIOJIEPKUBATH
TeMIepaTrypy  C 0,1°C.
Perucrpanus Tekymux 3Ha4eHUI TeMIiepaTypsl B
oOpa3iax Beiach CHEIHalbHO pa3paboTaHHBIM
M3MEpPUTENBHOM KOMITJIEKCOM, 00ECTIeUNBAIOIIUM

C60p, XPAaHCHUC U BU3YyAJIU3alUI0 PE3YJIIbTATOB

TOYHOCTBIO J0

n3MepeHuil.  JIaHHBIH ~ KOMIUIEKC  MO3BOJISUT

¢bukcupoBarhb TEeMIIepaTypy B

AJATEIIBHOTO BPEMCHU U IPEACTABIIATh €€ B BUMC

TCUYCHHUEC

TEPMOTPaMMBbI c yKa3aHUuEM cpenHein
TEMIIEpaTyphl 3a UCCIeAYEMBIH repuoj (puc. 3).
IIpn IIPOBEJICHU U 1a00paTOPHBIX
HCCIIEIOBAaHUM M Ha CTPOUTENBHBIX IIIOLIAJKaxX
JUTsl TIPUTOTOBJIEHUsST OeTOHOB KilaccoB B 7,5-B
25 ¢ ynoboyknaasiBaeMocThio 114 mpumeHsrch
peabHO UCIIOJIb3YEMBIE CTPOUTEIbHBIMU

opranu3anusiMu IeCoK, IJ_IGGCHB 1 OCEMCHT.

conditions different from normal and at any
time of hardening is very problematic due to
the lack of the dependencies of strength
development for various temperatures and
hydration periods in devices.

The use of graphics of strength modified
concrete development provided by the
additives manufacturer is also impossible,
since the tests were performed on the
samples using high quality ingredients. On
construction sites, as a rule, cheap fillers and
cement of medium, and sometimes of low
quality are wused. In this case, the
development of dependencies to predict and
control the characteristics of concretes of
different compositions and strength classes
becomes very important.

For several years the members of the
"Construction and technosphere safety"”
department of The Institute of service sector
and entrepreneurship of Don State Technical
University (Shakhty branch) have been
devoting their time to performing a large
number of laboratory and field investigations
of the structure formation Kkinetics of
modified compositions.

Laboratory tests were carried out in the
heat chamber that keeps the temperature
accurate to 0.1°. Registering of the in
question values of the samples temperature
was carried out on the specially designed
measuring system for the collection, storage
and visualization of measurement results.
This complex made it possible to record the
temperature during a long time and to present
it in the form of thermograms, indicating the
average temperature during the study period
(Fig. 3).

During the laboratory investigations and at
construction sites the authors took sand, gravel
and cement used by construction organizations
in real life for making concrete of B 7.5-B 25
classes with P4 workability.
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Puc. 3. Tepmorpamma Hapy>XKHOTO BO3ayXa

Fig. 3. The thermogram of the outside air

B  xasectBe @ MoaMQUKATOPOB  MOCIE

MIPEIBAPUTEILHBIX UCCJICIOBAHHM ObLIH
BBIOpaHBI YHUBEpCaTbHBIC 100aBKH «J[-5» 1 «/I-
11» (OO0 HIIII «Hpctpotmnporpeccy), YII-5
(000 «Pemamukc-M» u
«Kpunomnact-CII-2» (OAO
KOTOpBIE o0ecreunBaiu

3(1)(1)GKTI/IBHOCTB IpU MHUHUMAJIbHBIX 3aTpaTax B

Pocxummpom),
[Tonumacr),
MaKCUMaJIbHYIO

coCTaBax C 3aIlOJHHUTCIIMH HU3KOT'O KadyC€CTBa.

Ompenenenne  TPOYHOCTH  OOpas3loB B
YCTaHOBJICHHBIE  CPOKHM  TIPOBOJMIIOCH B
cootBerctBuun ¢ ['OCT  10180-90. Tlo
pe3yibraTamMm WCTIBITAHUN COCTaBJICHBI

ypaBHEHHs, ONMHUCHIBAIOIIME KHHETHKY Habopa
MPOYHOCTH OOBIUHBIX U MOIUGHUIIMPOBAHHBIX
0ETOHOB, KOTOPbIE MO3BOJISIIOT MPOTHO3UPOBATH
MIPOYHOCTb OETOHA B TPEeOYEeMbIE CPOKH.

Haubonee noctymuoil u >dexTuBHON ams
ycnoBuii  PocToBckoit  oOmacTu
nobaska YII-5. Ha puc. 4 npuBenensl rpapuku
Habopa mpovHocTH OeToHOM Kiacca B 22,5,
MoaudummpoBanHoro  gobaekoit  YII-5 B
KonuyectBe 2% OT Macchl IEMEHTa, IpU
Pa3IUYHBIX TEMIEpaTypax.

IIo pesynbratam 00paOOTKH MMOJYyYEHHBIX

npU3HaHa

IKCIIEPUMEHTATBHBIX
nporpamMmmHoro Monmyis Statistica 6 6buIO

JaHHBIX C IIOMOIIbIO

MIOJIy4EHO ypaBHEHUE MHOXECTBEHHOMN

As the modifiers after preliminary studies
the authors have chosen universal additives
"D-5" and "D-11" (“lrstroyprogress”), UP-5
(Roskhimprom), "Relamix-M" and "Krioplast-
SP-2" (Poliplast), which provided maximum
efficiency at minimum cost in compounds
with low quality fillers. Determination of
strength of samples within the established
deadlines was carried out in accordance with
GOST 10180-90. According to test results the
authors have produced the equations
describing  the  kinetics of  strength
development of conventional and modified
concrete in order to predict the concrete
strength in the required time.

UP-5 proved to be the most affordable and

effective for the conditions of the Rostov
region. Fig. 4 shows graphs of concrete
strength development of B 22.5 class modified
by UE-5 additive in the amount of 2% of
cement weight at different temperatures.
Subsequent to the results of processing of
experimental data using the software module
Statistica 6 the authors obtained the multiple
regression equation that makes it possible to
determine the required strength of the concrete

http://bps-journal.ru/
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perpeccum, TI03BOJISIOIIIEE OTIpeNeNATh
TpeOdyeMyro IpOYHOCTh OeToHa Rs s Hawama
MOHTaka METAJUIOKOHCTPYKLIUH NIPU Pa3IMnIHbIX
temneparypax teepaenus (t, °C):
R6 = —2,65 + 042t + 792InT,
rne 1T —
oOpasra, cyT.

BpeMsi TBepIeHHs (BO3pacT)

40 -

35 e R

25 o e

IIpounocts R, MIla
Strength R,MPa

B0 g
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Rs to begin steel erection at various
temperatures of curing (t, °C):
R6 = —2,65 + 042t + 792InT
where T is the time of curing (age) of the

sample in days.

R6 =7,5849In T + 4,8828
R? = 0,9543 4

R=7,5623InT +2,8111

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr R2=0,9801

""""""""""" R=71367InT+1,0038
R? =0,9897

10 15 20 25 30 35 40 45 50 55 60 65 70

Bospact 6etona T, cyT.
Concrete age T, days

Puc. 4. lunamuka Habopa npodHocTH 6eToHa, MoanUIMpoBaHHOTO NobaBkor YII 5
pHu pazauyHbIx Temneparypax: 1 —5°C; 2 — 10 °C; 3 — 15 °C; 4 — 20 °C

Fig. 4. Dynamics of strength development of concrete modified with UP 5
additive at different temperatures: 1 — 5 °C;

[To monydeHHOMY ypaBHEHUIO MPOU3BEIACHBI
pacyeTsl MPOTHO3UPYEMOW TMPOYHOCTH OETOHA
JUTSE COOTBETCTBYIOLIUX 1a00paTOPHBIM
WCCIEAOBAaHUSAM  3HAYEHUM  Temmeparyp H
BPEMEHU TBEPACHUS [UIsl TPEX CTPOALIUXCS
OOBEKTOB Ha TpPEIMET pPa3pelIeHUs MOHTaXa
KapkacoB 3maHui. MccienoBaHus NPOYHOCTH
KOHCTPYKIMA  HEpa3pylIalolUMU  METOJaMHU
HETIOCPEICTBEHHO Ha CTPOUTEITHLHBIX
MJIOMIAKaX TMO3BOJIUIM TIOCTPOUTH pPEalIbHBIC

rpaduKu (mpencTaBIeHbI MYHKTUPHBIMH
JUHUAMH Ha puc. 5) Habopa MNPOYHOCTH
0ETOHOM ¥  CKOpPPEKTUPOBaTh  ATaJOHHbBIE

3apucumoctd Juis npubopos UIIC MI'4+ u

I[MIOC-50MI'-O  (puc. 5), TOBBICHB TaKuM

According to the obtained equation the
authors have carried out calculations of the
predicted concrete  strength  for the
corresponding laboratory values of the
temperature and time of hardening for the
three projects under construction and for
permission of installation of building frames.
Studies of the structures strength by
nondestructive ~ methods  directly  on
construction sites allowed to build real
graphics (represented by the dotted lines in
Fig. 5) of concrete strength development and
to adjust the model dependencies for IPS
MG4+, and POS-50MG-O devices (Fig. 5),
thus increasing the accuracy of measurements.
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Strength, MPa
T

0,0 T T
0 10

20 30 40 50 60

70 80

Bpems TBepgeHns, cyT

Curing time, days

Puc. 5. KuneTnka TBepaeHns 6eTOHA ITPH MOHKEHHBIX TEMIIEpaTypax

Fig. 5. Concrete curing kinetics at low temperatures

3ak/aioyenue. Pa3paboTanHble Ha OCHOBE

IMPOBCACHHBIX I/ICCJICIIOBaHI/II\/JI PEKOMCHAAINN
MMO3BOJIMJIIN CTPOUTCIBHBIM OpraHu3aluiaM Ha
BBITIOJIHATDH

YCTBIPEX IIomaagkax

HarpyxeHue KOHCTI)YKIII/II\/JI Ha MOHOJIMTHBIC

paHHee

¢byHgamMeHTsl B 3MMHHH mepuonx 0e3  HxX
MTOBPEXKICHUMN.

bubéamorpadguyecknii cnucoxk

1.  ®enepanpubiii 3akon Ne 384 or 30

nexabps 2009 r. «TexHuueckuit periamMeHT o

0€30MacHOCTH  3J1aHU U COOpYKEHUMU
[DneKTpOHHBIH pecypc] / OI'VII
«Bcepoccuiickuii Hay4YHO-
U CCIIE0BATEIbCKUN UHCTUTYT

METPOJIOTHUECKOU CIyKObI» ; DeaepanbHOe

areHTCTBO o TEXHUYECKOMY
PEryJIMpOBaHUIO U METPOJIOTUH // DIAEKTPOH.
dbonx
nokymenraiun / Koncopruym «Koneke». —
Pexum JocTyna
http://docs.cntd.ru/document/902192610

(mata obpamenus : 15.11.16).

IPpaBOBOM ¥ HOPMATHB.-TEXH.

Conclusion. The developed on the basis of the
conducted research recommendations have
made it possible for construction companies at
four sites to perform early loading of
structures on solid foundations in winter
without their damage.
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