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TPIIIAHOCTIMKICTh MOJUPIKOBAHUX BUCOKOMIITHAX
JAOPOXKHIX BETOHIB

AHoTauis. HaBeneHo pe3ynbTaTi AOCIIIPKEHHS BIUIMBY MiHEpaJIbHUX Ta XIMIYHUX JOOABOK Ha
BJIACTUBOCTI BHUCOKOMIITHOTO JIOPOXHBOTO OeToHy. BuBYeHO iX BIUIMB Ha MEXaHidHI
BJIACTUBOCTI, a TAaKOX CHJIOBI Ta EHEPreTHYHI NapaMeTpy TPIIIMHOCTIMKOCTI OeTOHIB.
JlocmimkeHo BIUIMB 00 ’€My BTATHYTOTO TIOBITPS y OCTOHHIM Cymiln Ha BJIACTUBOCTI
3aTBEPALIOr0 BUCOKOMIITHOTO JOPOKHBOTO OETOHY.
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FRACTURE TOUGHNESS OF MODIFIED HIGH STRENGTH
CONCRETE FOR PAVEMENT

Abstract. The results of the study of the effect of mineral and chemical additives on high
strength concrete for pavement are presented. Their impact on mechanical properties as well as
on power and energy fracture parameters was studied. The influence of entrained air volume in
concrete mixes on properties of hardened high strength concretes for pavement was
investigated.
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TPEIIMUHOCTOMKOCTH MOJU®UIIUPOBAHHBLIX BUCOKOITPOYHBIX
JOPOKHBIX BETOHOB

AHHoTauus. [IpuBeneHsl pe3yiabTaThl HUCCIEAOBAHUS BIMSHUS MUHEPATbHBIX U XUMHUYECKUX
N00aBOK Ha CBOMCTBAa BBICOKONPOYHOIO JOPOKHOro OeroHa. M3yueHO uX BIMsIHHE Ha
MEeXaHMYEeCKHEe CBOMCTBA, a TAK)XKE CHJIOBBIE U SHEPreTUUYECKHe MapaMeTpbl TPEUMHOCTONKOCTH
6eroHoB. MccnenoBaHo BiusHHE 00OBbEeMa BOBJIEUEHHOIO BO3AyXa B OCTOHHYIO CMeCh Ha
CBOMCTBA 3aTBEPIEBLIETO BEICOKOIPOYHOIO JOPOKHOTO OETOHA.

KiroueBble ci10Ba: akTHBHbIE MHHEpalbHbIE JOOABKH, BBICOKOIPOYHBIN JOPOXKHBIM OETOH,
BO3YXOBOBJICYEHUE, CYNEPIIACTU(YUKATOP, TPEIIUTHOCTORKOCTb.

Beryn Introduction
B cywacHux ymOBax BHCOKOi  BapTOCTI In modern conditions of high cost of
OpPraHiYHHUX B’SKYYHX BCE OUIBII E€KOHOMIYHO organic binders the construction of
NpUBA0JIMBUM CTa€ OYAIBHHUIITBO IIEMEHTO- cement concrete pavement are becoming
OETOHHMX JOPOXKHIX MOKPUTTIB. IX OCHOBHOIO more and more economically attractive.
MepeBaro0 MOPIBHIHO 3 JOPOXKHIMHU OASTaMHU Their main advantages in comparison to
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HEKOPCTKOTO THUITy € BHCOKAa JIOBTOBIYHICTH 1
HaJilHICTh [ 1, 3].

Binowmo, 110 nporiec pyHHYBaHHS
[IEMEHTOOETOHY TiJ JI€I0 30BHIIIHIX YMHHUKIB
(HaBaHTa)KEHHS, TEeMIIepaTypHO-BOJIOTICHI
BIUIMBH, arpeCHBHE CEPEIOBHUIIEC) BiIOYBAETHCS
[UIIXOM YTBOPEHHS Ta TOMIMPEHHS B WOTO
CTpykTypi  TpimuH. ToMy  omHUM i3
HaMBaXKIUBIIINX CII0C001B 3a0e3MeYeHHs
JIOBIOBIYHOCTI JIOPOXKHIX IIEMEHTHUX OCTOHIB €
MIIBUIICHHS ~ IX  TPINIMHOCTIAKOCTI,  SIKY
JIOIUTPHO OIIHIOBAaTH 32 KPUTEPISIMU MEXaHIKH
pyliHyBaHHA [2].

IlocTanoBka nmpodJjemu

Y  3B’3Ky 3  MOCTIHHUM  3pOCTaHHSIM
IHTEHCHUBHOCTI pyXy Ta HaBaHTaK€Hb Ha BICh
[3], BUHHMKae HEOOXiMHICTH 3aCTOCOBYBATH Y
MOKPUTTI Marepial 3 BUIIUMH MEXaHIYHUMH
XapaKTepUCTUKAMU — BHCOKOMIIIHUN OETOH
(HSC- high strength concrete). Hocsrtu kiacy
C32/40 i Bume, 3a0e3MEYMBIIN ITiIBUIICHY
noBropiunict  (O6impme 50  pokiB) Ta
PEKOMEHIOBAHMM /ISl JOPOXKHIX OCTOHIB BMICT
00’eMy BTSATHYTOTO MOBITPs 4-6% [4], MOXKIUBO
32 BUKOPUCTAHHS paIllOHAIBHOTO  J1000pYy
AKTUBHUX MiHEpallbHUX 00aBOK Ta
e(eKTUBHUX CyNepIiacTU(IKaTopiB 1 100aBOK
MOBITPOBTATYBAIbHOT ii. IIpore 3
MIJBUIICHHSIM  MIIHOCTI Ta  VIIUIbHEHHSIM
CTPYKTYpU Takux OETOHIB 3pOCTa€e KpPUXKHI
XapakTep X pyHHyBaHHS.

Pesynpratu HoTnepeHiX JOCITIKEHb
1 ITBEPIUITH e(hEeKTUBHICTh CYMICHOTO
BUKOPUCTaHHSA MiHEpaJbHUX J00aBOK IEOMIITY
Ta BamHsIKy B OeroHax [5], a moeqHAHHS
MiHEpabHUX Ta XIMIYHUX 00aBOK
1acTU(iKyroue-noBITPOBTATYBAIbHOL hitil
3a0e3mneuye MO3UTUBHUM BIUIMB Ha CTIHKICTH J0
MOTMEPEMIHHOTO  3aMOPOXYBAaHHSI-BiITaBaHHS,
3HWKEHHS ~ ycaZoyHux Jjedop Mamid Ta
MIJBUIICHY  BOJOHEMPOHUKHICTH  [6]. Sk
CBiIUaTh pe3ylbTaTH JOCHIKEeHb [7], Ouibld
IHTEHCUBHHIM MPUPICT TPIIIMHOCTIMKOCTI
JOCSITAETHCS HIJIIXOM 3HUKEHHS
BOJIOIIEMEHTHOTO ~ BIJHOIIEHHS 32 PaxyHOK
BBEJICHHA cynepriactugikropa. B poboTi
Cononkoro Ta iH. [8] moka3aHo, 110 TTapaMeTpH
TPIIMHOCTIMKOCTI BHCOKOMIITHUX OETOHIB 3
OpraHo-MiHEpaTbLHUMH nobaBkaMu i
HABaHTAXEHHSM 3pOCTAalOTh MPHONMU3HO HA 15-
18% mOpIBHSIHO 3 BUCOKOMIIIHUMHU OETOHAMH
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non-rigid pavement type are high
durability and reliability [1, 3].

It is well known that the destruction of
cement concrete under the influence of
external factors (stress, temperature and
humidity influences, aggressive
environment)  occurs  through  the
formation and spreading of cracks in its
structure. Therefore, one of the most
important ways to provide the durability
of pavement cement concrete is
increasing their fracture toughness, which
is reasonable to evaluate using the
criteria of fracture mechanics [2].

Formulation of the problem

Due to the constant increase in traffic and
load on the car axle [3], it is necessary to
apply the coating material with higher
mechanical  characteristics —  high
strength concrete (HSC). Achieving
C32/40 strength class and above,
providing increased durability (more than
50 years) and recommended content of
entrained air 4.6% for road concrete [4]
are possible by using rational choice of
active mineral additives and an effective
superplasticizers as well as air entraining
agent. However, with increased strength
and structure consolidation of such
concrete the fragile nature of their
fracture increases as well.

The results of previous research
confirmed the effectiveness of joint
incorporation of mineral additives such
as zeolite and limestone in concrete [5],
and the combination of mineral and
chemical additives of plasticizing and air
entraining action provides a positive
effect on the resistance to alternating
freezing and thawing, reducing shrinkage
and increasing water impermeability [6].
According to research results [7], more
intense fracture toughness growth is
achieved by reducing the water-cement
ratio with superplasticizer incorporation.
Solodkyy et al. [8] shown, that the
fracture parameters of concrete with high
amount of organic-mineral additives
increases under load by approximately
15-18% in comparison with high strength
concrete without additives.
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6e3 100aBoK.

Tomy MeTOK IOCTIKEHb € BUBUCHHS CHJIOBUX
Ta EHEPreTUYHUX MMOKA3HUKIB TPIIIMHOCTIMKOCTI
MOAM(IKOBAaHUX  BHUCOKOMIIIHMX  JIOPOXKHIX
O€TOHIB 3 PI3HUM BMICTOM 00’€MY BTSTHYTOTO
MOBITPAI.

CupoBuHHI MaTepiajan i MeTOaH T0CTIIKEHb

Iix 4Jac MIPOBEACHHS JIOCJIJDKEHD
BHKOPHCTOBYBAJIN Taki Marepianu:
noprinanaiement [ [-500-H 3 BMictom
TpUKaibllieBoro  amominary 6,8  wmac.%;

reonitoBuil Ty COKHUPHUIIBKOTO POJOBHINA 3
BUCOKMM  BMICTOM  KJIMHONTWIOMTY  (60-
80 mac.%); BamHsIK MUKOJIaiBCBKOTO POJIOBHUIIA
(JIpBiBCBKA 0011.). XimiuHi CKJIaJIn
BUKOPHCTaHUX MaTepianiB HaBeAeHi B Ta0I. 1.

Ta6muusa 1 — XimiuHiI CKJIagu TOPTIAHJIE-
MEHTY, LICOJIITY Ta BaITHAKY

Bwmict oxcunis, mac.%
Okeman | Toprnarn Heomit | Bamasx
~-IIEMCHT

Sio, 22,04 75,34 1,95
Al, 04 4,85 8,77 0,51
Fe,0; 3,99 1,30 0,36
Ca0 65,10 4,6 54,63
MgO 1,44 0,55 0,52
S0; 0,49 0,05 0,52
P39 49 039 | 41,44

Jlns 3a0e3neueHHs] HeOOXiTHUX PEOTOTIIHIX
BJIACTMBOCTEHN CyMillll Ta OETOHY 3aCTOCOBYBAJIN
cyneprutactugikatop Ha OCHOBI
noikapookcunaris (p=1,05 r/em’, C=20%) Ta
TOBITpOBTAryBanbHy K06aBKy (p=1,015 r/em’,
C=4,4%) - po3unH BIHCOJIBHUX CMOIL.

Sk 3amoBHIOBadl BUKOPHCTAHO MicOK 3 M;,=1,8
Ta TpaHiTHUH mebine ¢pakmii 5-20 mm. Burpara
ux Matepianis Ha 1 M° 6eToHHOT cymimmi y Beix
3alpOEKTOBAHUX CKJIaJax OETOHHUX CyMileit
cramoBmiia 660 xr ta 1150 xr BIiAMOBIAHO.
Po3pobinieni ckiamy cymimiei TpeacTaBieHl B
Tabn. 2. BmicT B’sKydoro B OCTOHHIM cymimri
0e3 TOBITPOBTATYBaJIbHOI J100aBKH CTaHOBUB
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Therefore the aim of this research is the
study of power and energy characteristics
of fracture of modified high strength
concrete for pavements with different
amount of entrained air.

Raw materials and research methods
The following materials were used in the
study: Portland cement PC 1-500-N
containing 6.8 wt.% of tricalcium
aluminate; zeolitic tuff derives from
Sokyrnytsya deposits with a high content
of clinoptilolite (60-80 wt.%); Limestone
from Mykolaiv deposits (Lviv region).
The chemical composition of the
materials is shown in Table 1.

Table 1 - Chemical composition of
Portland cement, limestone and zeolite

Oxides content, wt.%

. Portla
Oxides .
nd Zeolite Limesto
cemen ne

t
Sio, 22,04 | 75,34 1,95

Al,0, 485 | 877 0,51

Fe,0, | 359 | 1,30 0,36

CaO 65,10 4,6 54,63

MgO 1,44 0,55 0,52
S04 0,49 0,05 0,52
Insoluble

2,49 9,39 41,44

residue

To provide the necessary rheological
properties of mixes and hardened
concretes  superplasticizer based on
polycarboxylates (p = 1,05 glem®, C =
20%) and air entraining agent (p = 1,015
glem®, C = 4,4%) - solution of vinsol
resins were used.

Sand with fineness modulus of 1.8,
granite gravel (fractions of 5-20 mm)
were used as aggregates. Content of
materials per 1 m*® of concrete mix in all
developed concrete mixes was 660 kg and
1150 kg respectively. The composition of
mixes presented in Table 2. The content
of binder in concrete mix without air
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3
400 xr/m”.

Jlnst  3MEHIICHHST ~ HETaTHBHOTO  BIUIMBY
MiBUIIICHOTO BMicTy (Outbmie 7%) BTATHYTOTO

MOBITPSI,  BBOJAWIM  JIOJATKOBY  KUIBKICTh
cyneprutactudikaropa (1,64 mac.%).
Tadomuua 2 — Bwmicrt xiMiuHMX 100aBOK Ta

BIacTuBOCTI OeToHHMX cymimeit (B/1[=0,35;
MapKa 3a JICTKOBKJIaIaJIbHICTIO P1)

cEE E :
S o 5 o S ~
VYMoBHE 23 | 83| ~ o X
= g = - g~
IMO3HAYCHHS E = 8 8 x| L2 = &
OeTOHHOT S 8 %LS S| &= =
cymiri = E{ S i o E S
q:) .E -g .E Lo
ge|E £ | °
MCnl | 1,22 - 4| 28
*TIKCrl
1,22 1 4 4
Hl ) O! 13
*TILKCnl
1,22 0,15 3 6,5
I12
*TILKCnl
1,22 0,2 3 7,0
H3 1 1 7
+TIKC2
1,64 2 4 7,2
H4 !6 01 5 '

* - 340 kr/M° noptiaaHaneMenty, 40 KT/MS LEOJIITY,
20 kr/m° BamHAKyY

[TpurotyBanHs, 30epiraHHs Ta BHUIPOOYBaHHS
3pa3KiB TMPOBOAMJIA BIAMOBIIHO 10 JIIOYUX
crangapTiB [9, 10]. XapakTepuCTUKU TPILIMHO-
CTIMKOCTI BM3HAYaJIUCh TpPU 3PIBHOBAKEHUX
MEXaHIYHUX BUIPOOYBaHHIX  3pa3KiB-TPU3M
100x100x400 MM 3  ITY4YHO  CTBOPEHOIO
TpimuHo0 BignosimHo 1o Bumor JICTY b
B.2.7-227:2009  (puc. 1). B  mpomueci
BUNIPOOYBaHb 3amHMCyBaJd IOBHY Jiarpamy
cTaHy O€TOHY B KOOpJIMHATaX HaBaHTa)KEHHS-
nporud F-V, Ha mijcTaBi K01 po3paxoByBaJIUCh
EHEepreTuYHl Ta  CWJIOBI  XapaKTEPUCTUKH
TPIIMHOCTINKOCTI.
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entraining agent was 400 kg/m?®.

To reduce the negative effects of higher
content (over 7%) of entrained air an
additional amount of superplasticizer was
added (1.64 wt.%).

Table 2 - Content of chemical additives
and properties of concrete (W/C = 0.35;
consistency class of S1)

= = =
gl esg s
[ L C ©
83| 28 | =~| &
Mix |Sg| 22 5| E
. .. | BO| £ | Eo
identificati | s €| € € | 2| &
o c @ = [
on o © = S ]
S5| §5 | » 2
8 z3 E
2| =2 S
PCSpL | 122 | - 2.8
*
CCfplA 122 | 01 | 4| 43
*
chplA 122 | 015 | 3| 65
*
ch‘plA 1,22 | 02 | 3] 70
*
chpZA 164 | 025 | 4| 72

* - 340 kg/m® of Portland cement, 40 kg/m®
of zeolite, 20 kg/m® of limestone

Preparation, storage and testing of
samples was carried out in accordance
with  current standards [9, 10].
Characteristics of fracture toughness

were defined during the balanced
mechanical tests of prism samples
100x100x400 mm with artificially

created notch in accordance with DSTU
B V.2.7-227:2009 (Figure 1). During the
tests the full state diagram of concrete in
the coordinates load - deflection F-V was
recorded, the energy and power
characteristics of the fracture were
calculated based on it.
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Pucynok 1 — Cxema  3pIBHOBOXECHHX

BUIIPOOYBaHb

Pe3yiabTaTn BUNIpoOyBaHb

OtpumaHni pe3ynbTaTd JOCHIKEHb CBITYaTh
(puc. 2), mo OETOH 3 OpraHo-MiHEpaJIbHUMHU
no0aBKaMM Ha OCHOBI O€TOHHOI cyMimi 3
BMICTOM  BTSTHYTOTO noBitps ~ 4,3%
XapaKTePU3YIOThCS JIEIIO HIKYOK MIIIHICTIO
npotsirom 28 1i0 TBepAHEHHS, MPOTE 3 YacoM
MIIHICTh BHPIBHIOEThCA, a yepe3 90 mi0 HaBiTh
nepesumrye  minaicte  Oetony  [IHCml.
30u1blIeHHST 00’€My BTSATHYTOTO TIOBITPS B
oetonHnx cymimax go 6,5; 7,0; 7,2%
MPU3BOAUTH JO 3HIKCHHS PAaHHBOI MIITHOCTI
(uepe3 3 mobu TBepmHeHHs) Ha 8,6; 27; 38,1%
BIJIMOBIAHO Ta MiIHOCTI yepe3 28 nid Ha 14,3;
22,7; 32,7% BIOIOBIIHO.

H 3 goba

7 noba m28 npoba W90 noba
n

PucyHnok 2 — MinHicTh Ha CTHCK OETOHIB

3a pe3ynpTaTaMu BUIIPOOYBaHb 3pa3KiB-TIPU3M 3
HIIIMOBAHOI TPINMHOK TOOYA0BaHO TIOBHI
JiarpaMu CTaHy BHCOKOMIIIHUX OeTOHIB (puc.
3).
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MoyaTkoBMI HAdpI3 - *1 R
iHiLiaTOp TPILLMHK A-A
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\//

L 41 Lo

L

Figure 1 — Diagram of balanced test
Test results

The obtained results show (Fig. 2), that
concrete with organic and mineral
additive, based on concrete mix with
4,3% of entrained air was characterized
by somewhat lower strength for 28 days,
but over time the strength was leveled
and after 90 days it even exceeded
strength of concrete PCSpl. The increase
in volume of entrained air in concrete
mixes to 6.5; 7.0; 7.2% results in
reduction of the early strength (after 3
days curing) for 8.6; 27 and 38.1%
respectively, and strength after 28 days -
14.3; 22.7; 32.7% respectively.

M 3 days 7 days m28 days M 90 days

1S}

00

Y
o
~

PCSpl CCSp1A1 CCSp1A2 CCSp1A3 CCSp2A

Figure 2 — Compressive strength of
concretes

The full state diagrams of high strength
concrete were built based on the results
of tests of prism samples with initiated
crack (Fig. 3).
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Pucynok 3 — [TIloBHi pgiarpamMu  CTaHy

BHCOKOMIITHUX JIOPOXKHIX OCTOHIB

AHami3 giarpam TMokasye, IO MaKCHUMaJbHE
HaBaHTaxeHHd (5310 H), 3a skxoro mnoumHae
MOIIMPIOBATUCH MAKPOTPILIMHA XapaKTepHe NI
6erony IIHKCnlIl2. Kondirypamis npiarpamu
CTaHy LbOTO CKIAAy 3arajoM € HalKpaiiow
cepen nmocmipkyBanux. [lns  OGetony  0e3
MiHepanbHuX Jo6aBok IILCnl xapakTtepHe
HeBHucOke, mnpubauzHo piHe [IHKCno2I14
3HaueHHs HaBaHTaxeHHS (4710 H), 3a skoro
BIIOYBA€ThCSA 3JaM  JlarpaMH, aje TOBHIIIA
nopiBHsHO 3 [TIIKCn2I14 xondirypamuist criagHoi
BITKH JlarpaMu.

Po3paxoBani CHJIOBI Ta €HepreTUyH1
XapaKTePUCTUKU  TPIIIMHOCTIMKOCTI ~ BHCOKO-
MIIHUX OETOHIB MpejacTaBieHi y Tabm. 3.

3a 3HAYCHHSAMU IUTOMHUX EHEProBUTpaT Ha
cTaTUyHEe Je(OpMYyBaHHS IO MOMEHTY MOYaTKy
pyxy MaricTpaibHOT TPILIUHU Gi,
€HeproBUTpaTaMM Ha JIOKaJlbHE CTaTH4YHE
nedopMyBaHHS B 30HI MaricTpalbHOI TPIIIUHU
W, nuToMuMu e(peKTUBHUMHU €HEProOBUTPATAMU
Ha cTatuyHe pyHHyBaHHA Gp Ta B’A3KICTIO
pyiinyBaHHs Ki nepeBakaroTh MOKAa3HUKHU IS
I[MIKCnlIl2. Ile moB’s3aHo i3 ONTHMAJIbHUM

BMICTOM  Ta  PIBHOMIPHUM  DPO3MOALIOM
ApiOHOAMCIIEpCHUX  Oy/IbOamoK  BTATHYTOTO
MOBITPsI, SIKI  BUCTYHalOTh  jAemndepamu

Hanpy>KeHb, 110 CIPHIE TAIbMyBaHHIO MPOLIECIB
MIKPOTPIIIIUHOYTBO-PEHHSI Ha JOKPUTHYHIA Ta
CMOBUIBHIOE PYX MaricTpajpHOi TpIIIMHU B
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Figure 3 — Complete state diagrams of
high-strength concrete

An analysis of diagrams shows that the
concrete CCSplA2 characterises by
maximum load (5310 N) at which
macrocrack begins to spread. The
configuration of state diagrams of this
concrete is the best among studied ones.
Concrete  without mineral additives
PCSpl is characterised by low,
approximately equal to CCSp2A4 value
of load (4710 N), for which there is a plot
peak, but more complete in comparison
to CCSp2A4 configuration of the
descending branch of diagram.

The calculated power and energy
characteristics of fracture toughness of
high strength concrete presented in Table
3.

Values for CCSplA2 specific energy
consumption for static deformation at the
beginning of the movement of the
effective crack G;, power consumption on
the local static deformation in effective
crack zone W,, effective specific energy
consumption on the static fracture Gg and
fracture toughness K; was the best. It is
due to the optimal content and uniform
distribution of fine bubbles of entrained
air, which acts as stress dampers,
contributing to slowing down the process
of microcrack formation in subcritical
stage and slows movement of effective
crack in the postpeak stage. The results



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

3aKpUTUYHIN cTafisx. Pesymbratu mocimikeHb
nmoka3zamu, 1o Ocronum IILKCnlIIl Ta
[MIKCnlII3 xapakTepu3yloThCsl BiAMOBIIHO HA
29 Tta 37% BummMmu nokasHukamMu Gi HIDK
[MIICnl. Couig Big3HAayuTH, 10 OCTOH 3
MIJBUIIICHUM BMICTOM cymnepIiuiactudikaropa
(1,64 mac.%) Ta TMOBITPOBTATYBAIBHOI JOOABKH
(0,25 wmac.%) IIHKCn2l14 xapaktepusyerbcs
HAHIKYMMU TTapaMeTpaMu TPIITHHOCTIMKOCTI.

Tabmuua 3 — CwioBi Ta eHepreTHYHi
XapPaKTEPUCTUKNA BUCOKOMIITHUX OETOHIB
VYMOBHE .:N\E ‘g . L:N\E ;3‘2
NO3HAYEHHA | () R o OR |XSE
6eToHy N | =z N S
[LICul 163,83 | 241,88 | 535,58 | 0,81
MMLKCulIll | 224,45 | 261,15 | 625,82 | 0,83
MMIOKCulll2 | 247,44 | 295,37 | 657,37 | 0,99
MMIOKCulII3 | 194,59 | 227,42 | 538,44 | 0,88
I[MIKCn2I14 | 147,30 | 229,15 | 500,76 | 0,80

3HaueHHs MILIHOCTI HAa pO3TAr MpU 3TUHI 1
MOJyJsl TPYKHOCTI TpU 3THHI JTOCTIIKEHUX
BHCOKOMIITHUX O€TOHIB KOPEIIOITh 3 ix
MOKa3HUKaMH  TPIIMHOCTIMKOCTI (Tabm. 4),
BOJHOYAC 3HAYCHHS MIIIHOCTI 3MIHIOETBCS ¥

By)K4oMy  jiama3zoHi  (6%) HiDK  MoIyis
npyxHocTi (39%).
Tabmmuss 4 — MexaHiuHl XapaKTEPUCTUKHU
BHUCOKOMIITHMX OETOHIB
E =
s = (ST .
T & < = «sm = o
Ywome | SEIB 5T RS2
NO3HAYCHHS |-= =< | & %_Eﬁ x| £ E =
6eTony géizégm §~%§
S B
(=
[Cul 10,1 9,8 209
MUKCnlTTl | 10,6 13,0 170
MUKCAlI2 | 11,2 16,6 206
IIKCmolI13 | 11,1 11,6 174
[LKCn2[14 | 10,0 8,8 218
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of research showed that the concretes
CCSplAl and CCSplA3 characterize by
29 and 37% respectively higher values of
G; than PCSpl. It should be noted that
the concrete CCSp2A4 with high content
of superplasticizer (1.64 wt.%) and air
entraining  agent  (0.25wt.%) s
characterized by the lowest fracture
parameters.

Table 3 - Force and power characteristics
of high strength concrete

iden":#i)c(:atio (_'r):N’\E N% E (5LN§ QHE
n C 2 - %
PCSpL 16§>,8 24;,8 53:,5 Oi8
CCSplAL 2254,4 26;,1 6225,8 oés
CCSp1A2 241,4 29%%,3 6577,3 oég
CCSp1A3 19;1,5 2227,4 53513,4 oés
CCSp2A4 145,3 225?,1 50g,7 068

The value of tensile strength in bending
and flexural modulus of elasticity of
high-strength concretes correlates with its
fracture parameters (Table 4). At the
same time, the value of tensile strength
varies in smaller range (6%) than in
bending modulus of elasticity (39%).

Table 4 - Mechanical properties of high
strength concrete

=288 | <
. ‘E’»E_ 22, | & =
Mix S 2|2 wo| 4
. L Ly || B
identificat | % - | =5 X | >o
. D © =5 2| 2 X
ion =S| 52uW S S
22|35 S
E8 L% L
PCSpl 10,1 9,8 209

CCSplAl | 106 | 13,0 | 170
CCSplA2 | 11,2 | 16,6 | 206
CCSplA3 | 11,1 | 11,6 | 174
CCSp2A4 | 100 | 88 | 218
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BucnoBku

Amnaini3 (Pi3UKO-MEXaHIYHUX XapaKTEPUCTHK Ta
MOKAa3HUKIB  TPIIIMHOCTIMKOCTI  JIOCHIPKEHUX
MOIU(]IKOBAaHMX  BHCOKOMIITHUX  JOPOXKHIX
OCTOHIB J1a€ 3MOTYy 3POOUTH TaKi BACHOBKH:

1. MoaudikyBaHHs MIKpPOCTPYKTYpH
BHCOKOMIITHUX JIOPOXKHIX OETOHIB KOMIIJIEKCOM
3 MiHEpaJbHUX J00aBOK (IIEOJIIT 1 BAmHSIK) Ta
100aBKOIO TOBITPOBTATYBAJIBHOI Jii MOKpaIIye
MOKAa3HUKM MIIHOCTi, CHJIOBI Ta EHEPreTHYHi
XapPaKTEPUCTUKU TPIIIMHOCTIMKOCTI.

2. MakcuManpHOK  MIIHICTIO HA  CTHCK
XapaKTepU3YIOThCS  PO3pOOIEHI BHCOKOMIIHI
O6eroHn, MonM(iKOBaHI OpraHo-MiHEpaIbHUMHU
no0aBKaMM, Ha OCHOBI cywimed 3 00’eMoM
BTATHYTOTO NOBITPs 4,3%.

3. HaiBumii MOKa3HUKH  TPIIMHOCTIMKOCTI
npuTaMaHHi OeToHaM i3 00’€MOM BTATHYTOTO
MoBITpss B jAiama3oHi 4-7%, IO KOpEIe 3
PEKOMEHIOBAaHUM 00’€MOM BTSTHYTOTO IMOBITPS
JUTsl 3a0€31eYeHHs JIOBFOBIYHOCTI 32 KpUTEPiEM
MOPO30CTIHKOCTI.

Omxe, onepkaHi pe3yibTaTH CBigYaTh, IO
MaKCHMaJIbHi 3HAUYCHHS MMOKA3HUKIB MIIIHOCTI Ta

TPIIMHOCTIMKOCTI  BHUCOKOMIIIHHX  JIOPOXKHIX
OeTOoHIB 3a0e3MeuyroThCsl 3a PI3HUX 00’€MiB
BTATHYTOT'O HOBITPSI. Tomy BUSIBJICHI

3aKOHOMIPHOCTI PEKOMEH]IYEThCS BpPaXxOBYBaTH
IpU TPOEKTYBAHHSA CKJIQAIB BUCOKOMIIIHUX
OETOHIB 3 MOBITPOBTATYBAJIbHUMU J100aBKaMHU.

JlitrepaTtypa
1. Unctaxos B. B., ta iH. "llemeHTOOCTOHN JIJIs
HOKPUTTS.  Jlopir." ABTOMOOUIbHI ~ JIOporu 1
noposxHe OyaiBauiTBO 85 (2012): 48-55.
2. Conoaxuit C. TpiIMHOCTIMKICTH OETOHIB Ha
Monu(dikoBaHMX IeMeHTax: MoHorpadis. -
JIbBIB: Bunasaunso HamionansHOTrO
yHiBepcuTeTy «JIpBiBchka momiTexHika» - 2008.
— 144 c.
3. Tamensxk I. II. TIlpo edekTUBHICTH
BUKOPUCTaHHSA BHCOKOMILHOTO 1I€MEHTOOETOHY
TUIA OyIiBHUIITBA KOPCTKHX
MOKPUTTIB. ABTOMOOIJIbHI JIOPOTH 1 JIOpOKHE
oyxiauITBO, 2011, 81: 30-39.
4. JICTY b B.2.7-176:2008. byniBenbHi
Marepianu. Cyminn 6eToHHI Ta 6€TOH. 3araibHi
texHiuHi ymoBu (EN 206-1:2000, NEQ). — K. :
Minperionbyn Ykpainu, 2010. — 109 c.

254

Conclusions

Analysis of physical and mechanical
properties and fracture parameters of
studied modified high strength concretes
for pavement enables to do the following
conclusions:
1. Modification of the microstructure of
high strength concrete for pavement by
complex of mineral additives (zeolite and
limestone) and additive of air entraining
action improves the strength, power and
energy characteristics of fracture.
2. High strength concrete modified by
organic and mineral additives, based on
mixes with entrained air volume of 4.3%
characterizes by the highest compressive
strength.
3. The highest fracture toughness
characteristics inherent to concrete with
volume of entrained air in the range of 4-
7%. It correlates with the recommended
volume of entrained air needed to ensure
the durability of concretes exposed to
freezing and thawing cycles.
Therefore, the obtained results indicate
that maximum values of strength and
fracture toughness of high strength
concrete for pavements are provided at
different volumes of entrained air. Thus,
revealed peculiarities are recommended
to take into account when designing high
strength concretes with air entraining
agent.
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