Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

YK 625.7/.8
Ounnmenko A.M., k-T TexH. Hayk, Bo3nmii C.I1.

METO/I BUBHAYEHHS KOE®IIIEHTA TEMIIEPATYPHOI TPINUHOCTIMKOCTI J1J14
YTOUHEHHA PO3PAXYHKY MOHOJIITHOI'O HEMEHTOBETOHHOT'O IIOKPUTTA
ABTOMOBIJIBHUX JTOPII'

AHoTaunisi. B maHiifi cTarTi 3amporoOHOBaHO METOJM 3 BH3HA4YCHHsS Koe(illieHTa TeMIepaTypHOi
TPIMIMHOCTIMKOCTI IleMeHTo0eTOHy. Lle M03BONHMIO YyIOCKOHATUTH YMOBY MIIIHOCTI NPH PO3PaxyHKY
MOHOJIITHHX IIEMEHTOOSTOHHUX TOKPHUTTIB 32 PaXyHOK MIIHOCTI Ha PO3TATYBaHHS NPU 3THHI OCTOHHY 3
BpaxyBaHHAM KOe(]iIlieHTY TeMIlepaTypHOI TPIIIMHOCTIHKOCTI. 3 METOI MiJABUIICHHS JOBTOBIYHOCTI
MOKPUTTS 3 MO3UIIIT TPIIMHOCTINKOCTI BiJl Aii KOJIC TPAHCIIOPTHUX 3aCO01B Ta TEMIIEPATypH.

O06’€exT AOCHTIIKEHHS — [IEMEHTOOETOHHE MOKPUTTS.

Meta pobotu - po3poOKa MeTOJy BHU3HAUEHHS KOEQIIEHTY TeMIEepaTypHOI TpPIIIMHOCTIMKOCTI
LIEMEHTOOETOHHY JUIsl yTOUHEHHS PO3paxXyHKOBOI MIITHOCTI HA pO3TATyBaHHS IPH 3THHI.

Metoau A0CIiIKEHHS — aHATITUKO — €KCIIEPUMEHTAIbHI.

Kuarouogi ciioB: [lemeHTOOETOH, KOS(DIIIEHT TEMITEPaTYPHOT TPIITUHOCTIHKOCTI, MIIHICTh Ha PO3TSAT MPH
3THUHI.

UDC 625.7/.8
Onishchenko A.M., Cand. Eng. Sci. (Ph.D.), Voznyy S.P.

ESTIMATION METHOD FOR THERMAL CRACKING RESISTANCE COEFFICIENT TO
ENSURE GREATER CERTAINTY OF CALCULATIONOF MONOLITHIC CEMENT
CONCRETE ROAD SURFACES

Abstract. This paper proposes a method to determine the coefficient of thermal cracking resistance. It
has allowed improving the condition of the strength in the estimation of monolithic cement concrete
surfaces due to the tensile strength of cement concrete in bending, taking into account the coefficient of
thermal cracking resistance. To improve durability of the surface as for cracking resistance to impact of
wheels of vehicles and temperature.

The object of study - cement concrete surfaces

Obijective of the paper - to develop a method for estimation the coefficient of thermal cracking resistance
of cement concrete, in order to make more precise the estimated tensile strength in bending.

Research methods — analytical and experimtntal.

Key words: cement concrete, thermal cracking resistance coefficient, tensile strength in bending.
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METO/] ONPEJAEJIEHUA KOY®OUIUEHTA TEMIIEPATYPHOM
TPEHUHOCTOUKOCTHU JId YTOUHEHUA PACYETA MOHOJIMTHOTI'O
IONEMEHTOBETOHHOI'O ITIOKPBITUA ABTOMOBHWJIBHBIX T1OPOTI'

AHHOTanus. B 1aHHOW CcTaThe MPEANIOKEH METOA IO ONpeAeTeHHI0 KOdPQHUIUEHTa TeMIlepaTypHOR
TPEUIMHOCTOMKOCTH IEMEHTOOETOHA. DTO TO3BOJIMIO YCOBEPIICHCTBOBATH YCIOBHE IMPOYHOCTH TPHU
pacdeTre MOHOJHTHBIX I[EMEHTOOCTOHHBIX MOKPHITHH 3a CYET MPOYHOCTH Ha PACTSHKCHUE NPHU H3rHOe
OeroHa C ydeToM KOX(QQUIMEHTa TEMIIEPaTypHOH TpemuHOCTOMKOCTH. C TIeNbI0  TIOBBIIICHUS
JOJITOBEYHOCTH MOKPBITHS C TIO3UIUH TPSITHHOCTONKOCTH OT JEHCTBHS KOJIEC TPAHCIIOPTHBIX CPENICTB U
TEMITEPaTYPHI.
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OOBEKT UCCIIeIOBaHMS - IIEMEHTOOCTOHHOE TIOKPBITHE.

[lens paboThl - pa3paboTka MeTOJa OompeaeiacHus: KodpduiuenTa TeMnepaTypHOl TPEIIMHOCTONKOCTH
[IEMEHTOOECTOHA ISl YTOUHEHHSI pacYETHOM MMPOYHOCTH Ha paCTsHKEHUE TIPH U3THoe.

MeToapl MCCIIEIOBaHUS - AHATUTHKO - SKCIIEPUMCEHTAJILHBIC.

Kuatouesnie caoBa: [lemenT00eTOH, KO3PPUIIUEHT TEMIEPATypPHOH TPEIIMHOCTOMKOCTH, MMPOYHOCTh Ha

pacTsbKeHue Tpu u3ruoe.
Beryn

Sk BiIOMO, 1110 [IEMECHTOOETOHHE IMTOKPUTTS JIOPIT €
HaWOLIBIII  JTOBFOBIYHMM Y  TIOPIBHSHHI 3
ac(haabTOOCTOHHUMH TOKPUTTAMHU. BigmoBigHo 10
nporpamMu KMV 3 po3BHTKY aBTOMOOIIBHUX JOPIT
3arajipHOro KopuctyBanus Ha 2013-2018 poku [1].
SAxa mepenbavae OyAiBHUITBO, PEKOHCTPYKIIIIO,
PEMOHT Ta eKCILTyaTaIjiiHe yTpUMaHHS
aBTOMOOUIBHMX JIOPIr 3arajbHOrO KOPHUCTYBaHHS
3rigHO 13 CTaHJapTaMu, TPUBEICHUMH Y
BI/IMOBIIHICTh 13 CyYaCHHMMH CTaHIApPTaMHU SKOCTI1
JOPOKHBO-OYIIBETbHUX POOIT, 3 BUKOPHCTAHHSIM
HOBITHIX  TEXHOJIOTiM, METOHIB Ta  IHIIHX
JOPOXKHBO-OYMIBEIbHUX MaTepialliB BITYU3HIHOTO
BUPOOHUIITBA, BJIAIITYBaHHS JOPOKHBOTO
MTOKPUTTS Ha OCHOBI [IEMEHTOOCTOHHY,
MIJIBHUINCHHS €(EKTUBHOCTI  IHHOBAIIMHOI  Ta
HayKOBO-TEXHIYHOI JISJILHOCTI Ta 1H.

JlopoxHili onar He Moxke OyTu abCoNIIOTHO
TPIILIMHOCTINKUM, OJTHaK 3aCTOCYBaHHS
e(peKTUBHUX METO/AIB OOpoThOM 3 YTBOpPEHHS
TPIMIMH JT03BOUIIO O 30UTBIINTH TEPMIHU CIYXKOU
MOKPUTTIB, 3HU3UTU BUTPATH HA YTPUMaHHSI 1
PEMOHT 3a paxyHOK TMIJABUIIEHHA CTIHKOCTI
LIEMEHTOOETOHA A0 TPILHUH.

OCHOBHUMM MTPUYMHAMU PYHHYBaHb MOKPUTTS

y BUIJISII TPIIIMH BBaXKalOTh BIUIMB TPAHCIIOPTHHUX
HaBaHTa)XeHb,  Nepernagul  TeMIeparyp  BiJ
MO3UTUBHUX JI0 HETaTUBHUX, HU3bKI HEraTUBHI
TEMIIEpPaTypy, YTBOPEHHS MTyUHH.

3rigHo [2] 3 Cy4aCHUMH  YSBJIEHHSIMU
BH3HAYaJIbHUKM BIUIMB Ha HECydy 3JaTHICTh
JOPOKHIX TUIMT TpPHU 3TUHI MaloTh TPIINIUHU B
CTpyKTypi  O€TOoHy, sKI  PO3BHBAIOThCS  3a
MEXaHI3MOM  HOpMalbHOro BigpuBy. Ilporec
PO3BUTKY TpIIIMH Ma€ CTIHKUM Xapakrep, UIO0
CYIIPOBOJDKYETHCSI  TIOCTYMOBHM  HAKOMHYEHHSM
JIOKaJbHUX PyHHYBaHb. KOIM HaKOMMYEHHS MIKpO-
1 Makpose(eKTiB B CTPYKTypi OETOHY csArae meBHOT
KPUTUYHOI MEXi, YTBOPEHHS HOBHUX TPIIIMH 1
PO3BUTOK BXKE ICHYIOUHX BiZIOyBa€eThCs
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Introduction

Cement concrete road surface is known to
be the most durable as compared to
bituminous concrete pavement. According
to the program of the CMU on public roads
in 2013-2018 [1]. It specifies the
construction, reconstruction, repair and
operational maintenance of public roads in
accordance with the standards complying
with applicable regulations on quality of
road construction works, using the
advanced technologies, methods and other
road construction materials of domestic
production, installation of road surface
based on the cement concrete, increase of
efficiency of innovative and scientific
technological activities etc.

Road surface cannot be completely
cracking resistant, though application of
effective cracking prevention methods
would increase service life of surfaces,
reduce maintenance and repair costs by
improving the cement concrete cracking
resistance.

The main causes of surface cracking relate
to the impact of traffic loads, temperature
changes from positive to negative, low
negative temperatures, and the frost
heaving.

According to [2] modern concepts, the
decisive influence on the bearing capacity
of road slabs in bending refers to cracks in
the concrete structure, developing as
normal fracture. Development of cracks is
stable, alongside with the gradual
accumulation of local fractures. When the
accumulation of micro and macro defects in
concrete structure reaches a certain critical
level, formation of new cracks and
development of existing ones is performed
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JTABUHOMOIIOHO - 6eTOH pyiHYyeThCs. SKkmo OeToH
Mpaloe B Mexax MIPOTrHO30BAHUX
eKCIUTyaTaI[ifHIX HaBaHTAXKEHb, IIEH TPOIEC MOXKE
TpUBATH JECSITKU POKIB. [TpuckopeHHs
pyliHyBaHHS  BiIOyBa€Tbcs 3a  MEPEBUIICHHS
pPO3PAaxXyHKOBHX  HAaBaHTaKEHb 1  IMOCWJICHHS
arpecuBHOi Jii TEMJIOBOJIOTICHUX 1 KOPO3IMHHX
YUHHHKIB.

OTxe, TOBrOBIYHICTh OETOHHOI IUIMTH TPH 3THHI
BHU3HAYACTBCA YacoM ab0 KUIBKICTIO IIMKJIIB
CyMapHOi J1ii HABaHTKCHHS 1 30BHIINIHIX YAHHUKIB
BiJl MOMEHTY 3apO/KEHHS TPIIIMHM 0 MOYaTKY ii
HECTINKOI0 pO3IMOBCIOPKEHHS.

TpilmMHOCTIWKICTH IIEMEHTOOCTOHHY npu
OaraTopa3oBUX TEMIEpPaTypHUX 1 BOJOTICHHUX
BIUIMBaX MAa€ BEJIMKE 3HAYCHHS VI JIOPOXKHIX,
TPAHCIIOPTHUX  Ta  IHIIUX  KOHCTPYKIIH 3
MepiOIMYHUM 3BOJIOKEHHSM. Bimomo, 1o nuKIidHi
BIUTUBY TTO3UTHUBHUX TEMIIEPATYP 1 BOJOTH 3HAYHO
MIPUCKOPIOIOTH pyHHYBaHHS OeToHy B
KOHCTPYKIisX. OQHAK BIUIMB TaKUX YWHHUKIB Ha
BUTPHUBAIICTD 1 TPIIIMHOCTIHKICTh OETOHY BUBYECHO
MaJio.

[Ipu BHcHXaHHI BOJOHACHYEHOTO OETOHY BHHUKAE
IPaJIi€EHT IO MEPEeTHUHY OETOHHOIO eNeMEHTa, IO
3YMOBIJIIOE TIOSIBY BHYTPIIIHIX HAmpyr BHAcCIHiJOK
KanuIsipHOi ycaaku, Tak 1 pizHOi nedopMOBaHOCTI
MOBEPXHEBUX 1 BHYTPILIHIX 30H.

Y noBepxHEBOMY BHCHXAarO4oMy IMIapi OeToHYy
BUHUKAIOTh HANpYyXEHHsS PO3TATY, II0 JOCSATalTh
25-30% Bixm Mexi MIIHOCTI Ha PO3TAT MpPHU 3THHI
Ri. Y pa3i GaraTopa3oBoro HOBTOPEHHS IIMKIIIB
3BOJIOKEHHSI - BHMCHXaHHS B CTPYKTypl O€TOHY
HAKOMUYYIOTHCS MIKPOTIOIIKOKEHHS 1 TPIIUHU. Y
MEBHUX yMOBax HAaNpyrd BiJ 30BHIIIHHOTO
HaBaHTAXEHHS MOXYTh CKJIAJaTHCS 3 HaIpyrolo
B/l KaluIApHOI yCaJKH, IO CTBOPIOE HEOE3MEeKy
nepeayacHoro pyiHyBaHHS MaTepiany (OeToHy), a
BIJIMOBIAHO 1 BC1€T KOHCTPYKIIIT [3].

[IpakTnunuii nocBin Bukopuctanus BBH B.2.3-
218-008-97 [4] Bka3dye Ha HEOOXITHICTH HOTO
VIOCKOHAJICHHS, a CcaMe METOAWKY PO3PaxXyHKY
MOHOJITHHX I[I€MEHTOOCTOHHHX TIOKPHUTTIB 32
paxyHOK koedirienTa TeMITepaTypHOi
TPIIMHOCTINKOCTI.
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incrementally and concrete is fractured. If
the concrete operates within the estimated
operating loads, this process can take
decades. Acceleration of fracturing occurs
at design loads exceeding and increase of
aggressive action of thermal, humidity, and
corrosive factors.

Thus, the durability of concrete slab in
bending is determined by time or the
number of cycles of total loading and
external factors, from cracking until
unstable development.

Cement concrete cracking resistance under
repeated temperature and humidity effects
is of high importance for road, transport
and other structures with periodic
moistening. Cyclical influences of positive
temperatures and moisture are known to
greatly accelerate the fracturing of concrete
in structures. However, the impact of these
factors on durability and crack resistance
of concrete is slightly studied.

Drying of water-saturated concrete causes
gradient over the cross section of the
concrete element, resulting in internal
tension due to capillary shrinkage, as well
as different deformation of surface and
internal areas. Tensile strength occurs in
the drying layer of concrete, reaching 25-
30% of the tensile strength limit R in
bending. In case of multiple repeated cycles
of moistening - drying, the structure of
concrete accumulates micro fractures and
cracks. Under certain conditions, the
tension of external load may add to tension
of capillary shrinkage, resulting in the
threat of early fracture of the material
(concrete), and, therefore, the whole
structure [3].

Practical experience of application of ICS
V.2.3-218-008-97 [4] points to the need for
its improvement, namely the method of
estimation of monolithic cement concrete
surfaces by the coefficient of thermal
cracking resistance.
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AHaniz myOaikanii

HocBin  ekcrutyaramii  JOPOXKHIX — OASTIB 3
EMEHTOOETOHHUM IMOKPUTTSAM IOKAa3aB, 110 CTPOK
ix cmyxOu mepeBumye ouikyBaHuil. Tak,
MPOEKTHUH CTPOK CIYKOM TaKuX IOKPUTTIB B
OimpIIOCTI KpaiH panime ctaHoBwio 20 pokiB, a
(hakTUYHHI CTPOK B cepeaHboMy mo 19 mraram
CIIA 27 pokis, B ABctpii — 30 pokis, B Himeuunni
1 BemukoOputanii 35 - 45 pokiB. VY
BenukoOpuTanii po3paxyHKOBHH CTPOK CIyxOu
[IEMEHTOOCTOHHUX TOKPHUTTIB paxyiTh 40 poKiB
[5]. 3a meit dac acdarbTOOETOHHE MOKPUTTS
HEOOXI1THO JCKUJIbKa Pa3iB MEPEKPUBATH 3aXHWCHUM
mapoM 1 B 0ararbOX BHIAJKAaX KaIliTaIbHO
pemontyBaTH [5].  SIKiCTHP JIOpOXKHIX OJSTiB,
0e3rmocepeIHbO BILTMBAE HA YMOBY 1 O€3MEKy pyXy
TPAHCIOPTHOTO 3aco0y, BU3HAYAETHhCS Oaratbma
¢dakropamu. OnHak, HaBITH CyBOpE IOTPUMaHHS
HOPMAaTHUBHUX BHMOT 1 TEXHOJIOTiIH BUPOOHHUIITBA
pobiT mpu OymiBHHNTBI 1 eKCIUTyaramii, SK
MpaBWJIO, HE B CTaHI BUIIPABUTH PO3PAXYHKH,
JIOMyHIeHHs Ha crafii mpoekryBaHHs. Came
e(EeKTUBHICTh MPOEKTHUX PIllIEHb B 3HAYHOMY
CTYINIEHI BHW3HAYa€ HAMIAHICTG 1 JOBrOBIYHICTH
nopoxkHix onsariB [5]. [lutaHHSM MpOEKTyBaHHS
KOPCTKUX JOPOKHIX OJSTIB IMPHUCBSYEHI POOOTH
0araTboX BITUM3HAHUX 1 3apyODKHMX BUEHHX,
takux sk: B.K. Amectun, O.T. barpakos, A.T.
barpakoBa, FO.M. Bacunbes, LII. I'amemsx, C.K.
l'onosko, E.A. T'yzeeB, b.C. PanoBchkuii, B.M.
Panyxin, B.K. JXnantok, C.H.JleonoBuu, I'.B.
ManeBaHCKUH, B.B. Mo3srosuii, B..
Kazapnosckuii, M.C. Koran3os, C.JM. Cononxuii,
B.M. Sfpowmko, I1.I.Tenses, C.M. Tonmauos, O.I'.
Octposepxuii, A.O. Camb, Ta iH. [2,4-9].

B VkpaiHi po3paxyHOK MOHOJITHUX OETOHHHUX
MOKPUTTIB BUKOHYIOTH 3rifHO 3  Bimomdoro
OyniBeTbHOTO HOpPMaTUBY [4], sKuil momsrae y
MOPIBHSIHHI PO3pPaxXyHKOBOI MIIIHOCTI O€TOHY Ha
PO3TAT MPH 3TUHI 3 MAaKCUMaJIbHUM HAPY>KCHHSM,
10 BUHUKA€E B JOPOKHIN MJIUTI HA MPYXKHII OCHOBI
BiJ Jii HaBaHTaXXEHHs 1 Mepenajy TeMmIeparyp 3a
TOBIIMHOO [UTUTH.

Po3paxynkoBa  MinHICTb  O€TOHY  JOpIBHIOE
3HAQYECHHIO KJIaCy MIIHOCTI IIEMEHTOOETOHY Ha
postar mpu 3ruHi (Byp)3 ypaxyBaHHAM JBOX
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Analysis of publications

Previous use of cement concrete
surfaces proved exceeding of expected
service life. Thus, the design service life of
such surfaces in most countries amounted
to 20 years, while the actual service life
lasts in average 27 years in 19 US states, 30
years in Austria, 35 - 45 years in Germany
and the UK. In the UK the estimated
service life of cement concrete surfaces is
accounted as 40 years [5]. During this
period the bituminous concrete pavement
shall be covered with a protective layer for
several times, and in many cases it shall be
overhauled [5]. The quality of road surfaces
directly affects the condition and safety of
the vehicle and is determined by many
factors. However, even strict adherence to
regulatory requirements and technologies
of work at construction and operation is
generally unable to correct the estimations
and assumptions at the design stage. Just
efficiency of design solutions to a large
degree determines the reliability and
durability of road surfaces [5]. Design of
rigid road surfaces is the subject of papers
of many domestic and foreign scholars,
such as: V.K. Apestyn, O.T. Batrakov,
A.G. Batrakova, Yu.M. Vasyliev, I.P.
Gameliak, S.K. Golovko, E.A. Guzeev,
B.S. Radovsky, V.M. Riapukhin, V.K.
Zhdaniuk, S.N. Leonovych, G.V.
Malevansky, V.V. Mozgovy, V.D.
Kazarnovsky, M.S. Koganzon, S.Y.
Solodky, V.M. Yaromko, P.l. Teliaev, S.M.
Tolmachev, O.G. Ostroverckhy, A.O. Sall’
and others [2,4-9].

In Ukraine the estimation of monolithic
concrete  surfaces complies  withthe
Industrial construction standard [4]; it is
based on comparison of the estimated
tensile strength of concrete in bending with
a maximum pressure, occurring in the road
slab on elastic foundation in result of the
load and temperature difference, by
thickness of a slab.

The estimated concrete strength equals to
the strength class of cement concrete in
bending (By), considering two empirical
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emmipuyHuX KoedimieHTiB — BTOMHU OeToHy(Ky)i
ymoB  Habopy wminHocti  (Ky). Po3paxyHox
MOHOJIITHUX LIEMEHTOOETOHHUX HOKPUTTIB
MPOBOJATH MIJISXOM IMEPEBIPKH MIITHOCTI MOKPUTTS
3a hopmyoro [4]:

R PosP
K ; -
1)

ne K My - KOe(iIieHT MIIIHOCTI, 1110 BU3HAYAETHCA
3aJIe)KHO BiJ] KATETopii,
R PP .
1 - pO3paxyHKOBa MIIHICTh OETOHY Ha PO3TST
IIPU 3TUHI;
o pt - HAIPYKEHHS PpO3TATY @pPU 3IMHI, IO
Bl mil
nepenamy

BUHUKAIOTh y OETOHHOMY MOKPHUTTI
HAaBaHTAXCHHA, 3  ypaxXyBaHHSIM
TEMIIEpaTypH 10 TOBIIUHI IUIUTH.

Po3paxyHKkOBY MIIHICTP Ha pO3TATYBaHHS IPU
3TUHI LIEMEHTOOETOHHY BH3HAYaIOTh 3a
dbopmynoro[4]:

R =By -Ky - Ky, )

B Mocksi [7] po3paxyHKOBa MiIHICTb O€TOHY
JIOPIBHIOE 3HAUEHHIO KJIACy MIIIHOCTI OETOHHY Ha
po3tar mpu 3ruHi (Bw) 3 ypaxyBaHHSIM TpbOX
eMmipuuHux KoedimientiB Bromu Oerony( K, ),

( I'<H.[l.) Ta

TIePEeMiHHOTO 3aMOPOXyBaHHs Ta BigraBaums (K¢).
Omxe B  Pocii  po3paxyHKOBY  MILIHICTh

IIeMEHTOOETOHHA Ha pO3TAr npu  3ruHi(R/,“)

yMOB Ha0Opy  MIITHOCTI BILUIMBY

BH3HAYAIOTh 3a popMmyioro [7]:

Rslfcq =By, - KH.H. ) Ky ’ KF (3)
Sx BugHO 13 BUpa3y (3), 0 B HOPMAaTUBHOMY
JTOKYMEHTI PO3paxyHOK MOHOJIITHUX
IIEMEHTOOCTOHHUX  TMOKPUTTIB  HA  MIIHICTh
BUKOHYIOTh 3 ypaxyBaHHSIM Koe(illi€eHTa BILIMBY
MEPEMIHHOTO 3aMOpPOXKYBAaHHS 1 BiITaBaHHS, SKUN
MPUAMAETHCS (K. =0,95) €  y3araJbHEHUM
3HAQYCHHSIM 1 TPUAMAEThCS I BCIX BHIIB
[IEMEHTOOCTOHHY U pO3paxyHKy. Bukopucrtanus
Koe(illieHTy  (K.) JI03BOJIUTH  aJ€KBAaTHO

BpPaxoBYBaTH OILIIHKY MOpPO30CTIHKOCTI OETOHY Ta
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coefficients, i.e., fatigue of concrete (Ky)
and terms of concrete strength development
(Kwm). Estimation of the monolithic cement
surfaces is carried out by testing the
strength of surface, using the formula [4]:

posp
Ky < R;
i (1)

where K, is a strength coefficient,
determined depending on the category;

Rlp “Pis an estimated tensile strength of
concrete in bending;

0, is a tensile strength in bending, arising

in the concrete surface due to the load,
taking into account the temperature
difference, by thickness of a slab.

Estimated tensile strength of cement
concrete in bending is determined by the
formula [4]:

Rlpo3p:Btb.KM 'Ky | (2)

In Moscow [7] the estimated concrete
strength is equal to the tensile strength class
of concrete in bending (By), considering
three empirical coefficients of concrete
fatigue (K,), conditions of concrete

strength development (k, ) and the
effect of alternating freezing and defrosting

(Ke) | Thus, in Russia the estimated tensile
strength of cement concrete in bending

(R7\) is determined using the formula [7]:

Rﬁjw =By, Ky - Ky -Ke (3)

As seen from the expression (3), according
to the regulations, the estimation of
strength of monolithic cement concrete
surfaces is performed considering the
coefficient of influence of alternating
freezing and defrosting, (k. =095); it is a
generalized value and is accepted for
estimation for all types of cement concrete.
The use of coefficient (k.) will allow
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HasBHICTb 1 PO3BUTOK MIKPOTPIIIMH B HBOMY.
Januii koeQilieHT (K.) MOXe OyTu pi3HUM B
3aJ€)KHOCTI BiJ KOMIIOHEHTIB Ta J00aBOK, sKi
BUKOPUCTOBYIOThCS npu BUTOTOBJICHHI
[IEMEHTOOCTOHHY, 1I€ CYTTEBO MOXKE BIUIMHYTH Ha
aJICKBaTHICTh PO3PAXYHKY IOKPHUTTSL.

Bracniiok = mMKIiYHOrO  3aMOPOXKYBaHHSA 1
BiTaBaHHI O€TOHY, IO Ma€ MIKPOTPILIUHH,
BHHHKAE ICTOTHE MPUCKOPEHHS IHTEHCUBHOCTI HOTO
pYHHYBaHHS, TAKUMH THUTAHHSAMH 3aiiMajiCh Taki
BueHi: A.A. TonuapoB, @®.M. IBanoB, B.M.
Mocksin, O.4. bepr,I'.I. I'opuakos, O.B. Ymepos-
Mapmak, C.M. Tonmauos, B.II. Conos [10-14] Ta
IH. BCTAHOBJIEHO, 10 I  3a0e3ledeHHs
MOPO30CTIMKOCTI OETOHY BEIMKE 3HAYCHHS Mae

XapakTep TIOPUCTOCTI MaTepiany  (CTpyKTypa
KamuisipiB) Ta CTYNEeHb iX BOJOHACHYEHHS.
BBaxaerbcsi, 1m0 YMM =~ MEHIIE  KamispHa

MOPUCTICTh, THUM HIDKYE MNPOHUKHICTH OETOHY 1
BHIIIE HOTO MOPO30CTIMKICTb.

3rigao Jlep>kaBHOoMy cTaHmapTy Ykpainm [15]
ICHY€ TI’SITh METOZIB BU3HAYEHHS MOPO30CTIMKOCTI
LIEMEHTOOETOHHY, ISt JIOPO’KHBOTO i
aepoJPOMHOIO [EMEHTOOETOHHY  MiJIXOJUTh
Opyruil 1 TpeTih meToau. AJie i yTOYHEHHS
PO3paxyHKY MIITHOCTI Ha PO3TATYBaHHS MPHU 3THHI
LIEMEHTOOETOHHY JAHUM Koe(ILIEHTOM
MOpPO30CTIMKOCTI € HE TOUUIBHUM, TOMY IO BiH He
BpPaxoBy€  peaJbHUX  YMOBH  €KCIUTyaTarii
LIEMEHTOOETOHHOTO HOKPUTTS. Tomy 3
ypaxyBaHHSIM BUpa3y (3) NPONOHYETHCS YTOUHUTH
dopmyny (2) xoedilieHTOM  TeMmMmIepaTypHOI

I.b.
TPIIMHOCTIMKOCTI IIEMEHTOOETOHHY Kiar , SKHUI
BpPaxoBYy€ pealibHI YMOBHU €KCILTyaTallii MOKPUTTS
Ha aBTOMOOUTRHUX Joporax. BeaeHHsS gaHOTO

5.
KoeilieHTy Kigy JIO3BOJIUTh TIPU  PO3PAXYHKY
MOHOJIITHUX EMEHTOOETOHHUX MOKPUTTIB
MIBUIOUTA  HOr0  JOBTOBIYHICTE 3  IO3MIUIT
TeMmIepaTypHoi TpimmHOocTiHKOCTl. KoedimienT

TEMIIEPATYPHOI TPIIIMHOCTIMKOCTI BU3HAYAETHCS 32
aHajioroMm acgaiabTOOETOHY, IO HAaBEICHO B
Jep>KaBHOMY cTaHjmapti Ykpainu [16], sxuit
3ampornoHoBaHo npodecopom Moszrosum B.B.
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adequate considering of concrete frost
resistance and the presence and
development of micro-cracks in it. The
coefficient (k_) can vary depending on the

ingredients and additives, used for the
manufacture of cement concrete; it can
significantly affect the adequacy of surface
estimation.

Cyclic freezing and defrosting of concrete
with micro cracks causes a significant
acceleration of its fracturing. Following
scholars were involved to this issue: A.A.
Goncharov, F.M. lvanov, V.M. Moskvin,
O.Ya. Berg, G.I. Gorchakov, O.V.
Usherov-Marshak, S.M. Tolmachev, V.P.
Sopov [10-14] and others. They revealed
that type of porosity (capillary structure)
and degree of water saturation are of great
importance for frost resistance of concrete.
Less capillary porosity is considered to
ensure the lower penetrability and higher
frost resistance of concrete.

The State Standard of Ukraine [15]
specifies five methods to determine the
frost resistance of cement concrete; the
second and third methods are suitable for
road and airfield cement concrete. Though
such frost resistance coefficient is not
appropriate for greater certainty of the
estimation of tensile strength of cement
concrete; it does not take into account the
actual terms of use of cement concrete
surface. Therefore, taking into account the
expression (3), it is offered to make
formula (2) more precise, using the
coefficient of thermal cracking resistance

I.b.
of cement concreteKKTP , which takes into
account the actual operating conditions of
the road surfaces. Introduction of this

coefficient Ki at the estimation of
monolithic cement concrete surfaces will
enable to increase its durability within
thermal cracking resistance. The coefficient
of thermal cracking resistance is
determined according to the analogue of
bituminous concrete, specified in the State
Standard of Ukraine [16], introduced by
Professor Mozgovy V.V.
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Onuc metony

CyTh MeTo/y MOJISITae B OIIHIOBAHHI PYHHYBaHHS
CTPYKTYpHUX 3B’SI3KIB IIEMEHTOTOOETOHY MpH
MOBTOPHOMY  OXOJIO/DKEHHI 32  MOKa3HHUKOM
3MEHIICHHS MIITHOCTI Ha PO3TAT MPH BUTUHI MiCIsA
BIUIMBY Jil TEMIIEpaTypHUX HAlpyXeHb, IO
BUHUKAIOTh NP  HEMOXJIHMBOCTI  BUIHHOTO
ckopoueHHs (puc. 1) JOBXHHM 3pa3ka (aHAIOTIYHO
yMOBaM poOOTH [IEMEHTOOETOHY B TIOKPHUTTI).

1 - cranuHa; 2 - ynop; 3 - 'BUHT AJIs 3aKpiIUIeHHs 3pa3ka; 4 -
HIapHip; 5 HeMeHTOOETOHHUI 3pa3oK; 6 - MeTajieBa IIaCTUHA

Pucynok 1 - Cxema 3'eTHaHHSI [IEMEHTOOETOHHOTO
3pa3Kka 3 METaJeBOI CTAaHWHOIO /I BUNPOOYBaHb
Ha NUKIIIYHE OXOJIOMKEHHS

JInsi BUTOTOBJICHHSI IIEMEHTOOETOHHHX OalovoK
po3mipamu  40x40x160 MM, BHKOPHUCTOBYBAJIU
0eToH Bakkuil (apiOHo3epHuCcTHI) [17].

IIpu BuUrOTOBJEHHI OETOHIB MM IOKPHUTTIB
aBTOMOOUIBHUX JIOPII BUKOPUCTOBYIOTH LIEMEHTH 3
HOPMOBAaHUM MiHepaJoTriYyHUM CKJIaJIOM:
0€3OMINIKOBI ~ TMOPTIAHAIIEMEHTH Ha  OCHOBI
KJIIHKEPY 3 HOPMOBAHUM MIHEPaJIOTiyHUM CKJIaJIOM
3 BMICTOM Tpu KajblieBoro amtoMiHaty C3A B
KUTBKOCTI He Oinbiie Hixk 8 % 3a macoro —I1111-400-
H[18].

B sxocTi KpymHOro 3aloBHIOBada BHUKOPHUCTAIIN
me6inp ¢pakmii 5-10mm [19], skl MOBUHEH MaTH
cepennto ryctuny Big 2000 mo 2800 kr/m3.

Sk Tp1OHMI 3aIll0BHIOBAY st OeToHIB
[IEMEHTOOETOHHUX TOKPUTTIB BHKOPHCTOBYIOTh
MiCOK MmIbHUM mpuponuuit [20], 3 Momynem
kpynHocTti (Mk) Bix 1,5 no 3,25.

BomonementHe BimHOIIEHHST B OETOHHIN Cyminri
OJTHOIIAPOBUX Ta BEPXHHOTO IIApy ABOIIAPOBHX
MMOKPUTTIB MOBUHHO Biamosigatu B/I] <0,5.

Bupobneny cymim 3aknagaiots 'y ¢GopMH  Ta
BIOpYIOTH Ha BiOpOMaiiJaHYuKY. [Micns
VIIUTBHEHHS! HOXEM 3pi3yl0Th HAJIHMIIOK CyMiIli
Ha piBHI 3 KpasmMu (opmu. DopMy 3 CYMIIIIIO
KJIaJyTh B TPUMIIICHHS B SIKOMYy 30epiraerbcs
BilHOCHAa  Bojioricte  moBiTps  90-100% 1
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Description of the method

The method is based on assessment of
structural bonds of cement concrete at the
repeated cooling in terms of reducing the
tensile strength in bending after influence
of thermal tension, arising from the
impossibility of free shrinkage (Figure 1)
of the length of sample (similar to
operation conditions of cement concrete in
the surface).

1 - bed; 2 - support; 3 - screw to secure the sample;
4 - hinge; 5 - cement concrete sample; 6 - metal
plate

Figure 1 - Diagram of connection of
cement concrete with metal bed for cyclic
cooling tests

Heavy (fine) concrete was used for the
manufacture of 40x40x160 mm cement
concrete beams [17].

Cement with standard mineralogical
composition is used within the manufacture
of concrete for road surface, i.e., impurity-
free portland cement based on clinker with
standardized mineralogical composition
containing tricalcium aluminate C3A, not
more than 8% by weight — IIIII-400-H
[18].

5-10 mm road metal [19], with an average
density from 2 000 to 2 800 kg/m3, is used
as a coarse aggregate.

Compact natural sand [20], with fineness
modulus (Mk) from 1.5 to 3.25 is used as
fine aggregate for cement concrete
surfaces.

Water-cement ratio in concrete mixture of
single-layer and top layer of double-layer
surfaces shall correspond to W/C <0.5.

The produced mixture is put into moulds
and treated at vibratory plate compactor.
After consolidation, the excess mixture is
cut with the knife to level with the edges of
the mould. The mould with the mixture is
kept in the premise with relative 90-100%
air humidity and temperature of 18 + 2°C.
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temneparypa 18+2 °C. Ha 7-my n0o0y 3HIMaiOTh
onayyOKy 1 KiIaayTh OaJloYKd y TEXK came
npuMinienns. Ha 28-my 100y BupoOiieHi 6amouku
MOYMHAIOTh BUIIPOOOBYBATH.

Ha Topui 3pa3kiB NPUKPIIUIIOIOTE 32 JOIMOMOTO0
€MOKCHIHOTO KJICI0 METaJleBi MIIACTUHU PO3MIpOM
40 x 40 cm. IloriMm 1eMeHTOOETOHHI 3pa3Kh
3aHyprooTh Ha 30 XB. y MOCYIMHY 3 BOJIOO, SIKa
Mae temrepatypy (20£2) °C, TakuM 4UHOM, IIIOO
piBEHb BOAM Yy TMOCYAMHI OyB BHIIE NOBEPXHI
3pa3KiB HE MEHIIIE HiXK Ha 3 CM, ITCJI YOro 3pa3Ku
BCTAaHOBJIOIOTh Y BaKkyyMHIH yCTaHOBII, [ie
CTBOPIOIOTH 1 MIATPUMYIOTH THCK He Oinbine 2000
ITa (15 mm. pt. ct.) mpoTsirom 1 rox. Ilorim Tuck
JOBOJATH 10 aTMOC(EPHOTO 1 3pa3Ku BUTPUMYIOTh
y Tili camiil TOCyTUHI 3

BozoI0 3 Temmeparyporo (204+2) °C mpotsirom 30
xB. Ilicis 1pOro 3paskd LEMEHTOOETOHHI 3
METaJICBUMH  IJIAaCTHHAMH, BCTAHOBIIOIOTH B
cTaHMHY (puc.l) momepeaHbO TEPMOCTATYIOTh Ha
noBiTpi 3a Temneparypu (20 + 1) °C, micas uboro
YCYBAalOTh MO(MTH MK yImOpamMH Ta TBUHTaMH i
pa3oM i3 CTAaHMHOIO PO3MIIIYIOTh B MOPO3WJIbHIM
KaMmepi, y sKiil miaTpumytoTs Temmnepatypy -30 °C.
ITpu Takiit Temneparypi HEeMEHTOOETOHHHUH 3pa3zok
BUTPUMYIOTH TIPOTSITOM IIECTH TO/I.

ITicig 1poro 3pa3ok 3 METANEBOIO CTAaHMHOKO
BUIMAIOTh 3 MOPO3UJIBHOI KaMepu 1 BUTPUMYIOTh
Ha noBiTp1 3a Temmeparypu (20 = 1) °C npotsrom
niecTd roAuMH. Taky IHpouenypy OXOJIOJKEHHS -
HarpiBaHHA LIEMEHTOTOOETOHHOTO 3paska,
3aKpIIUIEHOTO MDK JBOMa YIOpamMH MeETaleBol
CTaHWHM 311HCHIOITH 10 pa3iB.

KoeogiuienT TemmepaTypHOi  TpPIIIMHOCTIMKOCTI
[IEMEHTOOETOHHY BU3HAYAIOTh 32 (POPMYIIOIO:

10yuxn
R‘U b RP
KTP R , (4)
p
R RlOum
ne - P, P - cepemHe 3HAa4YCHHS TPaHMIII

MIITHOCTI Ha pO3TAr NpH 3TUHI BIANOBIIHO [0
BIUTMBIB ITUKJIIYHOTO OXOJIO/KEHHS 1 TIICIIS HUX.

I'panuio MIIHOCTI Ha pO3TAr TpU  3THHI
[IEMEHTOOCTOHHUX  3pa3KiB  BHU3HAYAIOTh  MpHU
mBuakocTi  gedopmyBanHs 100 Mm/xXB i
obuncmooTs B MIla 3a hopmynoro:
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On the seventh day the mould is removed
and beams are kept in the same premise.
The 28th day is the start of tests of the
produced beams.

40 x 40 cm metal plates are attached with
epoxy adhesive to the face end of the
samples. Then the cement concrete samples
are immersed into a containerfor 30
minutes, where water temperature is (20 +
2) °C; the water level in the container shall
be at least 3 cm above the sample surface.
Further the samples are set in the vacuum
system with pressure less than 2 000 Pa (15
mm Hg) for 1 hour. Then the pressure is
brought to atmospheric one and samples are
kept in the same containerfor 30 minutes,
where water temperature is (20 £ 2) °C.
Then cement concrete samples with metal
plates are installed in the bed (Figure 1),
with preliminary thermostatic control at
temperature of (20 + 1) °C; further the
plays between supports and screws are
eliminated and the samples with the bed are
placed into the freezing chamber, with the
constant temperature of -30 °C. Such
temperature is ensured for the cement
concrete sample for six hours.

Then, the sample with a metal bed is
removed from the freezing chamber and is
being kept at air temperature of (20 + 1) °C
for six hours. Such procedure of cooling -
heating of cement concrete sample attached
between two supports of metal bed is
repeated 10 times.

The coefficient of thermal crack resistance
of the cement concrete is calculated by the
formula:

10yuxn
R‘U-E- — Rp '
KTP R , (4)
p

10yxn
where 7, 7 refer to the average
value of the tensile strength limit in
bending, under the influence of cyclic
cooling and after it respectively.

Limit of tensile strength of cement concrete
samples in bending is determined by the
rate of deformation of 100 mm/min and is
calculated as MPa by the following
formula:
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3xF xI
s =5 X 1072
2xbxh (5)
ne F - pyiiniBae naBantaxenns, H; | - Bimcrans

MK OImopamu, cMm; b - mupwHa 3paska, cM; h -
BHCOTa 3pa3Ka, CM; 102 - Koe(iIieHT mepepaxyHKy
y MlIIa.

Po30ikHOCTI ~ MK  TphOMa  MHapaleIbHUMHU
BUNIPOOYBaHHSIMU HE TIOBUHHI mepeBuiryBatu 10
%.

Biamosigao mo ¢opmyn (2) ta (3) ocraTouHuUiA
BHpa3 yTOUYHEHOI (POPMYIIH 3 PO3PaxXyHKY MIITHOCTI
Ha pO3TATYyBaHHS TPU 3THHI I[EMEHTOOCTOHHY 3
BpaxyBaHHSIM KoeilieHTy TEeMIEPaTypHOT
TPIIIMHOCTIMKOCTI TMPOMOHYETHCA BH3HAYATH 34
dbopMmyIor0:

Riposp =By, - KM ) Ky ) R'[l{[ff;' . (6)

ToMy po3paxyHOK MOHOJITHHX IIEMEHTOOCTOHHHX
MMOKPHUTTIB MPOBOAATH IUIIXOM MEPEBIPKH MIITHOCTI
MOKpUTTS 3a Bupazom (1) 3 ypaxyBanuasM popmynu
(6) 1 mMpomNOHY€EThCS YyTOYHEHA YyMOBA MIIIHOCTI 3a
3aJIeKHICTIO:

_By-Ky K, KL

M = S
t
P (M
BucnoBok
3anponoHOBaHO METOJ 3 BH3HAYEHHS Koe]illieHTa
TEMIIEpaTypHOI TPIIIMHOCTINKOCTI JUTS
[IEMEHTOOETOHHY.

YTouHeHa ¢opmyna 3 po3paxyHKY MIIHOCTI Ha
pO3TATYBaHHS TpPH 3TUHI I[EMEHTOOETOHHY 3a
paxyHOK BBeJEHHS Koe(illieHTy TemIepaTypHOi
TPIMIMHOCTINKOCTI.

VY 10CKOHaNEHO 3arajlbHUN BHpa3 YMOBH MIITHOCTI
IpU PO3paxyHKy MOHOJIITHHX IEMEHTOOETOHHHUX
MOKPUTTIB 32 PaxXyHOK MIITHOCTI Ha PO3TATYBaHHS
IpU 3TUHI OETOHHY 3 BpaxyBaHHSAM Koe(illieHTY
TeMITEpaTypHOi TpimMUHOCTIHKOCTI. Lle m03BONMHTH
MIBUINUTA  JOBILOBIYHICTL LEMEHTOOETOHHOIO
MTOKPUTTS 3 TO3UITIT TPIIMHOCTINKOCTI B Ti1 KOJIIC
TPAHCHOPTHUX 3ac00IB Ta TEMIEPATYPH.
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:&Xlleo_z
P 2xbxh , (5)
where F - breaking load, N; | - distance

between bearings, cm; b - width of the
sample, cm; h - the height of the sample,
cm; 107 - re-calculation coefficient, MPa.

The differences of three parallel tests shall
not exceed 10%.

According to the formulas (2) and (3), the
following precise formula is offered as the
final expression to estimate the tensile
strength of cement concrete in bending,
taking into account the coefficient of
thermal cracking resistance:

R1p03p =By, - KM ) Ky -Kff;ﬁ' . (6)

Therefore, the estimation of monolithic
cement concrete surfaces is carried out by
testing the strength of surface by expression
(1) taking into account the formula (6) and
then, upon dependence, the more precise
condition of strength is offered:

_ By Ky Ky Kigp
M = 5
” )

K

Conclusion

The paper offers the method of determining
the coefficient of thermal cracking
resistance.

There is provided more precise formula of
estimation of tensile strength of cement
concrete in bending due to introduction of
coefficient of the thermal cracking
resistance.

There is improved the general expression of
strength at the estimation of monolithic
concrete surfaces due to the tensile strength
of concrete in bending, taking into account
the coefficient of thermal cracking
resistance. It will improve the durability of
the cement concrete surface as for cracking
resistance to impact of wheels of vehicles
and temperature.
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