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BIIJIMB HA AKICTDH JKOPCTKOI'O JOPOKHbOI'O ITIOKPUTTA
JOBABOK I HAITOBHIOBAYIB

AHoTanifA. Y cTaTTi pO3MNISHYTO MUTaHHS, MIOJ0 BIUIUBY HA SKICTh IIEMEHTOOETOHHOTO MOKPUTTS
U1 aBTOMOOLIBHUX JIOpIT Horo ckiany. HaBeneHo pesynbTaTv JOCTIIKEHb MPO BIUIMB J00aBOK i
HAIMOBHIOBAYIB Ha BJIACTUBOCTI 1 CTPYKTYpPY LIEMEHTHHX KOMIO3UTiB. [loka3zaHo, 1110 BBEIEHHS 10
CKJIaJy IEMEHTOOETOHY IUTacTU(iKyouoi 1 TOBITPOYTATYBadbHOI J00aBKM  CIUIBHO 3
HAaITOBHIOBAYEM MIKPOKPEMHE3EMOM 1 MOJIPONICHOBO (Hi0Oporo BeAe 0 MOIMIICHHS MIITHOCTI 1
JOBrOBIYHOCTI IEMEHTOOETOHHUX MOKPUTTIB. 3a pe3ylibTaTaMU €KCIIEPUMEHTIB 0yJI0 BCTaHOBIICHO,
0 BBEAGHHA [0 ckjiaany OeroHHoi cymimn 1uactudikatopa DE1l (1%) coinmbHO 3
MOBITpONOrIMHAYOK J100aBkor0 PT-1 (0,05%) 30imbmiye pyxiauBiCTH OETOHHOI CyMimmi, 3a
pPaxyHOK YOr0 3HHUXKYETHCS BOJO-IIEMEHTHE BimHomeHHs (Ha 14-18%) i 103BoJIs€ TiABUINUTH
MPOAYKTHUBHICTD Tpalli Ipu YKJIaJaHHI pyxJuBoi OeToHHOI cyMimn. BBeaeHHs 1o ckimany OeToHy
HaMoBHIOBaYa MiKpoKpemHe3emy (10 15 KF/M3) 301JIbIIIY€E MIIHICTH MPU CTUCKY 1 PO3TSAT MpHU 3THHI,
3HIKYE Ha 6-8% TEXHOJIOTIUHY TOMIKO/PKCHICTh. BBEACHHS 10 CKJIaay EeMEHTOOSTOHHUX
MMOKPUTTIB MosinporniieHoBoi ¢iopu (1o 0,6 KF/M3) MIJBUIIYE MIIHICTh HAa PO3TAT mpH 3ruHi - 10-
15%, 3Hmwkye crtupanicte Ha 60%, miaBuirye ymapoctidkicte - 25% 1 3HmKye Ha 3-5%
TEXHOJIOTIYHY MOUIKO/KEHICTh. 3alpOIOHOBAHO BUKOPHUCTOBYBATH Y JOPOXKHHOMY OyAiBHHUIITBI
[IEMEHTOOCTOHHI MaTepiaid 3 pamioOHATPHUMH EKCIUTyaTaliiHUMU 1 (Pi3UKO-MeXaHIYHUMHU
BIIACTHBOCTSIMHU.

OO0'exT mOCHiPKEHHST — MPOIEC 3MIHM BIACTUBOCTEH Marepially eMEeHTOOETOHHOTO MOKPUTTS JUIS
aBTOMOOUIBHUX JIOPIT.

Meta pobotu — 3abe3neueHHsT HEOOX1THUX (I3MKO-MEXaHIYHHUX XapaKTEPUCTHK 1IEMEHTOOETOHY
U1l HOKPUTTIB aBTOMOOLIBHUX JIOPIT 38 PaXyHOK Mi100PY pallioOHaIbHOTO HOTo CKIIAaYy.

Meroan JOCHIIKEHHST — EKCIIEPUMEHTaJbHO-CTATUCTUYHI MoOJeNl (PI3UKO-MEXaHIYHUX Ta
eKCIUTyaTaI[ifHUX BIACTHBOCTEHN TOPOXKHIX MOKPUTTIB ISl aBTOMOOITEHUX JOPIT.

KuarouoBi ciaoBa: aBToMoOinbHA J0pora, BOJAOHENPOHUKHICTh, J00aBKa IMOBITPOYTATYBaJIbHA,
MOpPO30CTIHKICTh, HANOBHIOBAY, TEXHOJIOT1UHA MOIIKOIKEHICTh, IEMEHTOOETOHHE MOKPUTTSL.
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RIGID ROAD SURFACE WITH THE INTRODUCTION OF ADDITIVES AND FILTERS

Annotation. In the article the question concerning the impact on the quality of the cement concrete
road coverings. Results of studies on the impact of additives and fillers on properties and structure
of cement composites. It is shown, that introduction of the composition of cement concrete
modeling and air induces additives mixed with micro silica and polypropylene fibers leads to
improved strength and durability of cement concrete pavements. Based on the results of the
experiments it was found that the introduction of the composition of concrete plasticizer DE11 (1%)
together with the air involving additive of PT-1 (0,05%) increases mobility of concrete mixture,
thereby decreasing water/cement ratio (14-18%) and improves the productivity of mobile when
laying a concrete mix. Introduction to the structure of concrete filler Silica fume (up to 15 kg/™)
increases compressive strength and flexural tensile, and reduces to 6-8% technological space.
Introduction to composition of cement concrete pavements of polypropylene fibers (up to 0.6 kg/m®)
increases the tensile strength in bending is 10-15%, reduces the abrasion at 60%, improves impact
resistance-25%, and reduces to 3-5% technology space.
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The object of study — the process of changing material properties of a cement-concrete for
highways.

Purpose — ensuring the necessary physico-mechanical characteristics of cement concrete for
pavements of roads through rational selection of its composition

Research methods — experimental and statistical models of physico-mechanical and performance
properties of pavement for highways.

Keywords: air-entraining additive, cement concrete pavement, frost resistance, filler, highway,
technological damage, water resistance.

YJIK 666:691.32
Couonenko WU.I1., kaHa. TeXH. HaAyK

BJIMSIHUE HA KAYECTBO )KECTKOI'O JJOPOKHOI'O HOKPLITUSI JOBABOK
U HATIIOJIHUTEJIEN

AHHoTanus. B cTatbe paccMOTpeH BOIIPOC, KaCAIOUINECs BIUSAHUS HA KAYECTBO IEMEHTOOETOHHOTO
HOKPBITHS JJI1 aBTOMOOWJIBHBIX JIOpOr ero cocrtaBa. [IpuBeneHbl pe3ysibTaThl HCCIEAOBAHHHA O
BJIMSTHUM TOOABOK M HATIOJIHUTENIEH HA CBOWMCTBA U CTPYKTYPY LIEMEHTHBIX KOMIO3HUTOB. [lokazaHo,
YTO BBEJIEHUE B COCTAB LIEMEHTOOETOHA IUIACTU(QHUUMPYIOLIEH M BO31yXOBOBJIEKarOIIeH A00aBKH
COBMECTHO C HAIOJHHUTEIEM MHKPOKPEMHE3eMOM U TIOJMIIPONMICHOBOH (ubpoil Bemer K
YAYYIIEHUIO TPOYHOCTH M JOJTOBEYHOCTH LEMEHTOOETOHHBIX MOKpeITUi. [lo pe3ynbraTam
HKCIEPUMEHTOB OBUIO yCTAHOBJICHO, YTO BBEJCHHE B COCTAaB OCTOHHON CMecH IuiacTuukaTopa
DE11 (1%) coBmecTHO ¢ BoO3ayxoBoBiekatomie mpobaskoit PT-1 (0,05%) yBenuuuBaer
MOJIBUKHOCTD OCTOHHOW CMECH, 3a CUET Yero CHUXKAETCS BOJOIIEMEHTHOE oTHOIIeHUe (Ha 14-18%)
U TO03BOJIET MOBBICUTH NMPOU3BOAMTENBHOCTh TpyJa NMpH YKJIaIKe MOABMXKHOM OETOHHOH cMecH.
BBenenue B coctaB 0€TOHA HAaNOJIHUTENSI MUKpPOKpeMHe3eMma (110 15 KF/M3) YBEIMYMBAET IIPOYHOCTH
OpU CXKaTMM M PacTsDKEHHE NpU M3rube, a Takke CHIDKaeT Ha 6-8% TeXHOJIOTMYECKYIO
MOBPEXICHHOCTh. BBeieHHe B COCTaB IIEMEHTOOCTOHHBIX MOKPHITHHA TOJIHIIPOMIICHOBOH (hrUOpHI
(110 0,6 kr/M°) TIOBBIIIACT IPOYHOCTh Ha pacTsbkeHue mpu usrude - 10-15%, cHuxaer uctupaeMocTb
Ha 60%, mnoBbIIaeT yaapompouyHocTb - 25% wu cHWkaer Ha 3-5% TEXHOJIOTMUYECKYHO
MOBPEXJICHHOCTb. [IpeasokeHo HCIoab30BaTh B JOPOXKHOM CTPOMTEIHCTBE LIEMEHTOOETOHHbIE
MaTepHalIbl C PAIlHOHATEHBIMHU JKCILTyaTAIIMOHHBIME U (PU3NKO-MEXaHUYECKIMH CBOWCTBAMH.
OOBeKT HccieoBaHUs — MPOLECC U3MEHEHUsI CBOIMCTB MarepHaia EMEHTOOETOHHOTO MOKPBITHS
IUIs aBTOMOOMIIBHBIX JTIOPOT.

Ilenp  paboTel - obOecredeHne HEOOXOAMMBIX  (PU3UKO-MEXAHHYECKUX  XaApPaKTEPUCTHK
IIEMEHTOOETOHA JUIsl TIOKPHITHH aBTOMOOWJIBHBIX JOPOT 3a CYET PAIMOHAIBHOTO MOa00pa ero
COCTaBa.

MeTtoabl UCCNeOBaHHS - YKCIIEPUMEHTATBHO-CTATUCTHYECKHE MOAETH (U3NKO-MEXaHUYECCKUX M
HKCIUTYaTAllMOHHBIX CBOIMCTB JOPOXKHBIX MOKPBITUH JIIsl aBTOMOOUIIBHBIX JOPOT.

KiawueBble ciaoBa: aBTOMOOWIBHAS J0pOTa, BOJOHENPOHHUIIAEMOCTb, BO3IyXOBOBJICKAIOIIAS
no6aBKa, MOPO30CTOWKOCTb, HAIOJIHUTENb, TEXHOJIOTHYECKasi TTOBPEXKAECHHOCTh, LIEMEHTOOETOHHOE
TIOKPBITHE.

IMocranoBka npodiaemMu Formulation of the problem

I'eorpadiune MOMOKEHHS HAIIOl KpaiHH CIpPHUSIE The geographical position of our country
(opMyBaHHIO TPAHCHOPTHUX KOPHIOPIB: 3axiJ — contributes to the creation of transport
Cxin, 3axim — ITiBaiy, ITiBuiu — ITiBaens. OnHicro corridors: West-East, West, North, North-
3 aKTyaJbHUX MPOOJIEM PO3BUTKY aBTOMOOUTBHHX South. One of the topical problems of road
JOPIr € TMOJIMIIEHHS eKCILTyaTaliiHO-TeXHIYHIX development is to improve the operational
XapaKTePUCTHK  JOPOXKHBOI'O  TMOKPHUTTS 1 characteristics of the road surface and
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MiJBUIICHHS HOro JOBroBivyHOCTi. [lOKpUTTS
aBTOMOOUIBHHX JIOPIT OE3MOCePEeHhO CIPHIMAE
HABaHTAXXCHHS BIiJ TPAHCHOPTHUX 3aco0iB Ta
3abe3mneuye HEeOoOX1IHI eKCIuTyaTaIliiHi
MOKa3HUKH, TakKi SK: PO3pPaxyHKOBA IIBUAKICTbH
PYXy aBTOMOOLIIB, pO3paxyHKOBE HaBAaHTAXECHHS,
MPOITyCKHAa 1 MPOI3HA CIPOMOXKHICTh, & TaKOXK
MOKa3HUKK Oe3neku pyxy. Kpim Toro, BoHH
3a0e3Meuyl0Th 3aXHCT JIOPOKHBOI OCHOBH BIJ
BIUTMBY atMochepHux dakrtopis [1, 2].

Jlis po3BUTKY €KOHOMIKM YKpaiHU B OCTaHHI
POKH TIOCTaJ0 BaXIJIMBE 3aBIaHHs 30UIbIICHHS
YaCTKH JIOPIr 3 JKOPCTKUM IIEMEHTOOCTOHHUM
MOKPUTTSAM. JIOBrOBIYHICTB 1 SKICTh TaKUX JOPIr
3YMOBIIIOETBCS SIKICTIO OETOHHOTO MOKPUTTS [3].
Tomy 3aBgaHHsS JocHiKEHHS O€TOHIB  Ha
BITYM3HSHUX B SOKYYMX Ta 3allOBHIOBaYax B
noeHaHHl 3 epexkTuBHMUMH Moaudikaropamu i
¢bi6poro i 3a6e3neueHHst HeoO0XiTHOI CTPYKTYpH
1 eKCIuTyaTalliiHMX XapaKTePUCTUK MaTepialliB
KOPCTKUX TMOKPHUTTIB € aKTyaTbHOK HAYKOBOIO
npooIeMoIo.

3a mery po0GoTu mnpuiimMasnocsi: 3a0e3neyeHHs
eKCIUTyaTaIlitHIX XapaKTEPUCTHK
LIEMEHTOOETOHY JIi TOKPHUTTIB ABTOMOOIIBHHUX
JIOPIT 32 PaxXyHOK palllOHAJILHOTO MiI00py HOro
CKJIaTy.

Buxonsun 3 wmertu, Oymu
HACTYIHI 3a1a4i:

- JOCHIAWUTH BIIIMB J00aBOK, HAIIOBHIOBAdYiB, a
TAaKOXX  mouimpomnisieHoBoi  ¢idpu Ha  Taki
MOKAa3HUKH [IEMEHTOOETOHHUX TMOKPUTTIB IS
aBTOMOOUIBHUX JOPIT, SK: MILHICTh MPU CTUCKY,
CTHPAHICTh, BOJ/IOHENIPOHUKHICTb,
MOpPO30CTIHKICTb, TPILIUHOCTIMKICTD i
TEXHOJOT1YHA MOIKO>KEHICTE;

- BHM3HAUUTH palliOHAIbHI CKJagud OeToHYy,
BUKOPHUCTOBYIOYH KOMIUIEKC €KCIEPUMEHTAIBHO-
CTaTUCTUYHHX MOJETeH;

- TPOBECTH JOCIHIIKEHHS CTPYKTYPH JOPOXKHIX
[IEMEHTOOETOHHUX TOKPHTTIB.

chopmynboBaHi

OcCHOBHA YaCTHHA

Amnanis OyIiBHUIITBA Ta eKCIUTyaTarlil
TOPOKHBOTO TOKPHUTTS 3 IIEMEHTOOETOHY B
VkpaiHi Ta IHIIMX KpaiHax CBITY IOKa3aB, IO
HaWOIIBII  MEPCIEKTUBHUM  MaTrepiajJoM IS
JIOPOXKHBOTO TMOKPUTTSI aBTOMOOUIBHUX JOpIT €
nemeHtobeToH. lle 3ymoBIeHO THM, IO Take
MOKPUTTSI Ma€ BHCOKI (Pi3UKO-MEXaHIYHI Ta
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increase its durability. Road coating directly
bears the load of vehicles and provides the
necessary performance, such as: design
speed of car traffic, design load, capacity
and driving ability, as well as indicators of
road safety. In addition, they protect the
grounds from exposure to road weather
conditions [1, 2].

For the development of Ukraine's economy
in recent years, got the important task of
increasing the share of roads with hard
concrete covering. Durability and quality of
such roads due to the quality of concrete
pavement [3].

Therefore, the task of concrete studies under
our binding materials and fillers in
combination with effective modifiers and a
fiber to provide the necessary structures and
operational characteristics materials is an
actual scientific problem.

The objective of this work: ensuring the
operational  characteristics of cement
concrete for pavements of roads through
rational selection of its composition.

On the basis of the objectives the following
objectives were formulated:

- Investigate the effects of additives, fillers,
as well as polypropylene fibers on such
indicators of cement concrete pavements as:
compressive strength, abrasion resistance,
impermeability, frost resistance, crack
resistance and technological space.

- Determine the optimal compositions of
concrete of highway using complex
experimental and statistical models;

- Conduct a study of the structure of road
concrete slabs.

The main part

Analysis of the construction and operation
of cement concrete pavement in Ukraine and
other countries has shown that the most
promising material for pavement of roads is
concrete. This is because this coating has
high physical-mechanical and performance,
but when operating in winter conditions,
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eKCIUTyaTalliixi MOKa3HUKH, ane pu
eKCIUTyaTallii B 3UMOBHMX YMOBaX, Ili ITOKa3HHUKH
MPOTATOM  4Yacy 3HUXKYIOTBCS Ta  ICTOTHO
BILIMBAIOTh Ha JOBFOBIYHICTH JOPOTH, IO BBEIC
70 JOJAaTKOBUX BUTPAT HA MIATPUMKY IOJOTHA
JIOPOTH.

Crmparodrch Ha pe3yJabTaTH PoOIT MONEPETHUKIB
Panosceknit  B.C. [4], Comomkmii C.J. [5],
JBopkin O. JI., Mimytia A.B. [6] Oymno BusiBieHO
1[0 MOKpAIIeHHsI SKOCTI Ta JIOBFOBIYHOCTI
JOPOKHBOTO  TOKPHUTTS 3  I[EMEHTOOETOHY
MOJKJIMBO 33 PaxyHOK BBEICHHS JO HOro CKiIaxy
HEOOXITHUX J00ABOK Ta HAIIOBHIOBAYIB.
[IpoBenenni pocnigu Oynu  cOpsiMOBaHI  Ha
noJiinmeHHsT (i3MKO-MEXaHIYHUX BJIACTUBOCTEH
LEMEHTOOETOHY ISl TOKPUTTIB aBTOMOOUIBHHUX
JOpIT 32 paxyHOK paIliOHAJLHOTO IMiI00py IX

CKJIaTy.
JlocimipkeHHsT  BJIACTUBOCTEH  MOIU(IKOBaHUX
LIEMEHTOOETOHHUX  TOKPUTTIB  IPOBOJIMINCH

METOJIOM aKTHBHOTO €KCIIEpPUMEHTY [7], as 4oro
OyB po3poOJieHHIi TIJIaH eKCIepUMEHTY Ta
BUOpaHi QyHKIIT BIATYKY | YAHHUKY BILTUBY.

VY 4KOCTI YNHHUKIB BIUIMBY (X) MpUAMAIUCS: X1 —
KUTBKICTh mopTiananeMenty mMapku 500 (Big 370
10 570 kr/mM®); X2 — KimBKicTh 1acTUQikaTopy
Dynamon Easy 11 (DE11) Ha ocHOB1 akpHJIOBOTO
nonimepy (Bim 0% mo 1% Big Macu UEMEHTY)
Mapel, ITamnis; X3 - KIJBKICTh
HoBITpOyTSryBanbHOT n00aBku Mapeplast PT-1
(Bim 0 mo 0,05% Bim macu nemeHty), Mapel,
Itanist; X4 — KUIBKICTh MOJMINpOIieHoBoi ¢Gidopu
MAPEFIBRE NS 12/NS 18 (MN12), (Bix 0 mo
0,6 KF/M3), Mapel, Iramis; Xs — KUIBKICTh
MikpokpemHe3emy (Bix 0 mo 15 kr/M° Bix Macu
[EMEHTy), 1-ma cepis JocHiAiB; X*5 — KUTbKICTh
3onu-BuHeceHHs (Big 0 mo 15 KT/M° BiI Macu
[IEMEHTY), 2-Ta cepisl TOCIiIiB.

B sxocti matepiany AJis BUTOTOBJICHHS O€TOHY
npuiManuce:  mopTiaHauemMeHt wmapku 500,
mebinp ¢pakmii 5-20 MM 1 MHTHI KBapIioBUH
MiCOK 3 MOJIyJIeM KPYITHOCTI 2,5.
@Di3uKo-MeXaHIYHI  XapaKTePUCTUKH  OEeTOHY
BU3HAYaJMCs 3a CTAaHJAAPTHUMHU METOJUKAMHU.
BomoHenpoHUKHICTh BH3HAYallacsi 3a METOJIOM
Mokpoi twismu [8], Ha 3paskax miamerpom 150
MM, h= 50 MM. MOpO30CTiiiKicTh BU3HAYAIACS TI0
npuckopenomy (III) merony B cosoniit Boai mpu
samopoxysaHi 10 -50 °C [9].

PiBeHb KpPUTUYHOTO KOEQIII€HTY IHTEHCHBHOCTI
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these indicators over time is reduced and has
a significant impact on the longevity of the
road enters additional costs to support the
cloth road.

Based on the results of predecessors
Radovskiy B. [4] Sweet S. [5], Dvorkin O.,
Mishutina A. [6] it was found that the
improvement of the quality and durability
road surface from of cement concrete is
possible due to the introduction of its
structure necessary additives and fillers.
Experiments were aimed at improving
physical and mechanical properties of
cement concrete for pavements of roads
through judicious selection of their
composition.Studies on propert ies of
modified cement concrete pavements have
been carried out by the method of active
experiment [7], for which the plan of an
experiment was developed and influence
factors.

The factors of influence (x) taken: Xx; -
amount of Portland cement brand 500 (from
370 to 570 kg/m®); x, - the amount of
plasticizer Dynamo Easy 11 (DE11) based
on acrylic polymer (from 0% to 1% by
weight of cement) Mapel, Italy; x3 - the
number of air Mapeplast supplements
involve PT-1 (from 0 to 0,05% by weight of
cement), Mapel, Italy; x4 - of polypropylene
fiber MAPEFIBRE NS 12/18 NS (MN12),
(0 to 0,6 kg/m®), Mapel, ltaly; xs - the
amount of silica fume (from 0 to 15 kg/m®
of the cement mass), 1-th series of
experiments; x*s - quantity of fly ash (from
0 to 15 kg/m® of cement weight) 2 series of
experiments.

As a material for the manufacture of
concrete were taken: 500 Portland cement,
gravel fractions 5-20 mm and silica sand
with a fineness modulus of 2,5.

The physico-mechanical characteristics of
concrete were determined by standard
methods. Water resistance was determined
by method of wet spots [8], the samples with
a diameter of 150 mm, thickness 50 mm.
Frost hardiness was determined to accelerate
(111) method in salt water at freezing to a -50
°C [9].

The level of the critical stress intensity
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Hanpyxens Kj. (MIlaxm*°) BusHauaBcs 3a
TPUTOYKOBOIO CXEMOIO BHUIPOOYBaHb 3pas3KiB 3
HazpizoMm 3rimHo [10]. Crupanicte BH3HauYanacs
Ha 3pa3kax Ky0iuHoi ¢opmu 3 pedbpom 7,07 cm Ha
kouti crupanns JIKI-3 [11].

Po3paxynok 1 aHai3 OTPUMAaHUX
eKCIIepUMEHTAIBHO-cTaTHCTUYHUX MozeniB (EC-
MOJICNIb)  BUKOHYBAaBCS 3  BHUKOPHCTAHHSIM
nporpamu Compex [12].

VY nochimax mpuiiManacs pyxJMBICTH OeTOHHOL
cyminrn B Mexax Bif 16 go 18 cm, mo mocsranacs
HUIIXOM TiA00py KiTbKOCTI HeoOXinHoi Boau. 3a
pe3yiabTaTaMd  TIOKa3HHMKIB  BOJIO-IIEMEHTHE
BimHomeHHs (B/L]) Oynu po3paxosani EC-momeni
BILTUBY (akTopiB ckiany Oerony Ha B/L mans 1-i
(MiKkpoKpeMHe3eM) Ta 2-ii (30JIM-BUHECEHHS) cepii
excriepuMeHTiB (1, 2):

BI 1, =0,46-0,057,-0,05; +0,01,%, ~011y, — | (1)
0,012 +0,01y’ +0,02y +0,01y, +0,02y

B/1],=0,47-0,04y,-0, 04)(12 +0,01y,%, —0,01y,%, -
~0,01y, 0,01, ~ 0,11y, ~0,01y,%, +0,01¢,, — , (2)
-0,01y,x, — 0,01y, —0,01y,x, —0,01y,x, — 0,01y, +

+0,03y2 +0,01y,y, + 0,03y, +0,02y>

Amnani3z orpumanux mozeniB (1, 2) mokasas, 110
BBeJleHHsT A00aBku DEI1 30iiblIye pyximBiCTb
0eTOHHOI cyMmilli 1 3MeHIye ii BoJONOTpedy Ha
20-25%. BukopucrtaHHd B CcKJIami OCTOHY
HAalOBHIOBaYa  MIKPOKpPEMHE3eMy  IIiJIBUIIYE
BojonoTpedy OeroHHoi cymimi Ha 2..5%.
3MEHIIUTU 1€l HeraTMBHUN BIUIMB MOXXHa 3a
paxyHOK J0JaTkoBoro BBeaeHHs nobaBku DEIL.
3actocyBanus 100aBku PT-1 (x3),

SK TIOKa3ajW JIOCTi/W, HE3HAaYHO BIUIMBAE Ha
BoAonoTpedy cymimi (menme 2%). BBegeHHs
¢i16pu  MNI12 (x4) BUMarae HE3HAYHOTO
30UIbIIEHHS  KUTbKOCTI  Bogu — (5-6%)  nms
30epekeHHsI TEXHOJIOTIYHOCTI cyMilli. BBeaeHHs
710 cKJaty O€TOHY HalOBHIOBAayYa 30JIM-BUHECEHHS
MIJBUIIYE BOJONOTpeOy OETOHHOI CcyMilll Ha
4..7%.

3a pesynabTaTaMu JAOCIIPKEHb Oynu 1moOynoBaHi
EC-moneni, mo BioOpakalOTh BIUIUB CKJIAay
[IEMEHTOOETOHHOTO TOKPUTTS Ha MIIHICTh IpH
CTUCKY Jutsi 1-01 (MiKpOKpemMHe3eM) Ta 2-0i (3071a-
BHUHECEHH) cepii pocminis (3, 4):

269

factor Kic (MPaxm”®) was determined by a
three-point circuit test specimens notched in
accordance with [10]. Abrasion was
determined on samples of the cubic form
with an edge of 7,07 cm on LCI-3 [11].
Calculation and analysis of experimental
and statistical models (EU model) was run
using the Compex programs [12].

In the experiments taken mobility of
concrete mixture in the range of 16 to 18
cm, which is achieved by adjusting the
amount of water needed. Based on the
results of the indicators of water/cement
ratio (W/C) were derived EU-factors of for
the 1st (micro silica) and 2nd (fly ash) series
of experiments (1, 2):

W /C, =0,46-0,05y,0,05y7 +0,01,%, 0,11y, -
0,01y +0,01y’ +0,0252 +0,01y, +0,02y

1)

W /C, =0,47-0,04y,-0,04y +0,01y,y, — 0,01y, —
—0,01y,%, —0,01y,x, — 0,11y, —0,01y, %, +0,0Ly, %, — »
—0,01y,x, —0,01y, —0,01y,x, —0,01y,x, —0,01y, +
+0,03y2 +0,01y,y, + 0,03y, +0,02)

)

The analysis of the obtained models (1, 2)
showed that the introduction of additives
DE11 increases mobility of concrete mix
and water requirement reduces her to a 20-
25%. Use in concrete composition
microsilica increases water consumption of
concrete mix at 2...5%.

To reduce this negative impact may be due
to the additional introduction of additives
DE11. The use of additives of PT-1 (Xs), as
shown by experiments, had little impact on
water consumption of mixture (less than
2%). Introduction fibers MN12 (x4) requires
a slight increase in the number of water (5-
6%) to save the technology mix.
Introduction to the structure of concrete fly
ash filler increases the water requirement of
concrete mixture in 4-7%.

Based on the results of the research there
were built the EU model, reflecting the
influence of the composition of cement
concrete at compressive strength for the first
(microsilica) and second (fly ash) series of
experiments (3, 4):
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Socewes Mlla =52,25-4,48y —0,68y’ +1,07y,x, —
~1,19y,, —0,26%.%, —0,69%,%. +2,61y, + 0, 74y, —» (3)
—0,41y,%, —1,12y, +0,25y,%, — 0,32y, + 0,28y, +
+1,47y,—0,71y}

Jacowns MIHa =49,15+3,76y,-0,43y,x, +1,05,%, — )
-0, 44y, +4,35, —0,75%, —0,51x,%, +0,84y,x%, — !
—1,08y2 — 2,82y, —1,54y%2

Hns HaouHocti 3a Moxemsmu (3, 4) Oynum
moOyI0BaH1 JiarpaMu y BUTIISLAIL KyOy JUTsl epiol
(MiIKpOKpeMHe3eM) Ta Jpyroi (30JIM-BUHECEHHS)
cepii mociiaiB (pucyHok 1 a), 0)).

15 3V,

wil

evient, kr/md

Lewenr, kr/wd

a) 6)

a) st 1-0i (MiKpOKpeMHe3eM),
0) a1 2-01 (30J1a-BUHECEHHSI) cepii TOCIiiB

Pucynok 1 — BrumB BapifioBaHux (haKTOpiB CKIIAAy
IEMEHTOOETOHY Ha MIIHICTh TPU CTHCKY

Sx BugHO 3 pucyHkiB 1 a), 0), 30UIbLIEHHS
KUTbKOCTI opTianaiemMenTy (3 370 qo 570 KF/M3)
BEJIE JI0 MMIJIBUILIEHHS PIBHSA MILHOCTI MIPU CTUCKY
Bix 45 o 55 MIla (22%).

Haii6inpiry  MIOHICTE  MOKa3ylOTh  CKIAAH
(pucynok 1 a), B axi BBeneHi no6aska DE11 (1%)
i 15 kr/m® HanoBHIOBaua MIKpOKpEeMHe3eMy Bif 45
1o 60 MIla (33%).

BBenenns 1o ckiaay 0eTOHY HallOBHIOBAaYa 30JIU-
BUHECEHHS (10 5 KP/M3) CHUTBHO 3 J00aBKOIO
DE11 (1%) i mopraasmieMenToM 10 500 Kr/m®
30epirae MinHicTh mpu cTHCKy a0 50 Mlla
(pucynok 1 0).

AmHani3 BIIMBY (DAaKTOpiB CKJIaQy Ha MILHICTh
OeToHy Ha pO3TIAr MNpu 3TUHI T0Kas3aB, IO
30IMBIIEHHS KUIBKOCTI [EMEHTY CHUTBbHO 3
noinporniaeHoBor ¢idporo (mo 0,6 KF/M3) 1
MiKpokpemHe3eMoM (10 15 Kr/M3) IIPAaKTUYHO
MPOMOPLIHHO MIABUILYE MIIHICTh HA PO3TST MPHU
3ruHi (Bix 5 no 7 MIla).

[IpoBeaeni  gocnmigu  MOM0  yAAPOCTIMKOCTI
MaTtepialy mokasaji, 0 HaiOUIbIINIA BIUIMB Ha
BEJIMYMHY yIapHOI MIIIHOCTI 3pa3KiB BHOCHTh
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Socewes MPa =52,25-4,48y -0,68y; +1,07y,x, -
=1,19y,%, —0,26y,x, —0,69y,%, + 2,61y, + 0,74y, %, —»
-0,41y,%x, —1,12y, +0,25y%,%, — 0,32y, +0, 28y, +
+1,47y, —0,71y?
@)
S, MPa =49,15+3,76y,-0,43y,%, +1,05%,x, —
-0, 44y, x5 +4,35y, =0, 75y, — 0,51y, %, + 0,84y, %, — '
~1,08y2 — 2,82y, 1,542
(4)
For clarity on models (3, 4) were graphed in
the form of a cube for the first (microsilica)
and second (fly ash) series of experiments
(Figure 1, a), b)).

Cement, kefu3

b)

a) For the first (microsilica)
b) For the second (fly ash)

Figure 1 - Effect of composition factors on
cement concrete strength

As can be seen from figures 1 a), b),
increase the amount of Portland cement
(from 370 to 570 kg/m®) increases the level
of compressive strength from 45 to 55 MPa
(22%). the greatest strength of the
compositions show structures (Figure 1 a),
which introduced supplements DE11 (1%)
and 15 kg/m® of silica fume from 45 to 60
MPa (33%). Introduction to composition of
concrete fly ash filler (up to 5 kg/m?), in
conjunction with the additive DE11 (1%)
and Portland cement up to 500 kg/m® saves
compressive strength up to 50 MPa (Figure
1a), b)).

Analysis of influence of factors of structure
on concrete durability on stretching at a
bend has shown that increase in amount of
cement together with a fiber (to 0,6
kg/m®and of microsilica (to 15 kg/m?)
almost in proportion increases durability on
stretching at a bend (from 5 to 7 MPa).
Experiments on impact resistance of the
material showed that the greatest influence
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KUIBKICTh BBEIEHOI mominpomnisieHoBoi (idpu
MNI12. Tak, unpu BBemenni 0,6 KF/M3,
YAapOCTiIiKiCTh OeToHy 3poctana a0 33%. Ilpu
BBEJCHHI [0 CKJIaAy OCTOHY HaloOBHIOBaYa
MiKpOKpeMHe3eMy pa3oM 3 (piOporo i MmigBUIIECHHS
KUIBKOCTI mopTiaHanemMenTy (mo 500 KF/M3)
HiABUILYETHCS yAapHa MIIHICTh OETOHIB 10
8 Jix/cm® (1a 50%).

AHaui3 CTHUPAHOCTI Marepiany, 10
JNOCTIDKYBaBCS,  IOKazaB, IO  HAHOUIbII
epeKTUBHO 1€l TOKa3HUK 3HIDKYEThCS 32

paxyHOK 3aCTOCYBaHHS JUCIIEPCHOTO apMyBaHHS
¢bi16poro. Cknaau 3 BmictoMm ¢idbpu (1o 0,6 Kr/M3)
3HWXKYIOTh CTHPaHICTh Npubam3Ho Ha 60-63%.
[Ipy miABUIIEHHI KUTBKOCTI MOPTIAHALIEMEHTY
CTUPAHICTh OETOHY 3HIXKYETbCS 32 PAXYHOK
301BIIEHHS MIIHOCTI Marepiany. BBegenns
HAaIOBHIOBAYa MIKPOKpPEMHE3EMY cpusie
HE3HAYHOMY 3MEHIIEHHIO CTUPAHOCTI, II0 MOXKHA
MOSICHUTH 3HIKEHHSAM KUTBKOCTI MIKpoae(eKTiB y
OeToHi.

Jlocniau moka3aid, MO0 HAa BOJOHCIPOHHUKHICTH
3pa3kiB 3 [EMEHTOOETOHY ICTOTHO BILTUBAE
KUTbKICTh ~ HeMeHTy Ta  nobaBku  DEIL.
3011bIIEeHHS PIBHSA BOJOHENPOHMKHOCTI 10 W10
JOCSITAETHCST TPU  BBEJEHHI B IIEMEHTOOETOH
HAMoOBHIOBaYa  MIKPOKpEMHE3eMy  pa3oM 3
no6askoro DEI1 (1%) Ta KiTbKOCTI HIEMEHTY 10
500 kr/nm°.

TpinmmHOCTIHKICTD BHU3HAJanIacs 13
3aCTOCYBAaHHSIM METOJIMKH MEXaHIKH pPYHHYBaHb
3a piBHEM KPUTHUYHOTO KOoe]illieHTy
IHTEHCUBHOCTI ~ HampyxkeHb K (MHaXMO'S).
Amnauni3 BILJIUBY CKIIamy marepiary
LIEMEHTOOETOHHOT O MOKPUTTS Ha ix
TPIMIMHOCTIMKICT, TIOKa3aB, IO BBEJACHHS JIO
CKJIa/ly HaloBHIOBaya MiKpokpemHe3eMy (1o 15
Kr/M3) 36umpmrye Ky ma 0,02-0,05 MITaxm®®.
BBenenns manmoBHroBaua 3oym-BuHECeHHS (10 10
Kr/M3) 30impmrye K. Ha 0,02-0,03 MITaxm®>. Jmst
yCiX OETOHIB, IO JOCTIKYBaJIUCs, BU3HAYAIACH
TEXHOJIOTIYHA TOMIKO/HKEHICTh 3a JIONMOMOTOIO
€JIEKTPOHHUX QoTorpadiii (pUCYHOK 2), MPOSBU
TPIIIMH 1 TOBEPXOHb PO3JALTY 3 BHKOPHUCTAHHSIM
PO3YHMHY TOHUHA.
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on the magnitude of the impact strength of
the samples introduced number of fibers
MN12. So, at introduction of 0,6 kg/m?®,
crash- worthiness of concrete increased up
to 33%. At introduction to composition of
concrete of microsilica together with a fiber
and increase in quantity of cement (to 500
kg/m®) increases the shock durability of
concrete to 8 J/cm? (by 50%).

Study on the abrasion of material, showed
that most effectively this figure is reduced
by applying dispersed reinforcing fibers.
Formulations of fiber content (up to 0.6
kg/m3)  will  reduce abrasion of
approximately 60-63%. If you increase the
amount of Portland cement concrete
abrasion is reduced by increasing the
strength of the material. Entering of a filler
of microsilica promotes insignificant
reduction of a wear ability that it is possible
to explain with decrease in amount of micro
defects in concrete.

Experiences showed that water tightness of
samples from of cement concrete
significantly is influenced by amount of
cement and DE11 additive. Increase in level
of water tightness up to W10 is reached
when entering in cement concrete of
microsilica filler together with DE11
additive (1%) and amounts of cement to 500
kg/m®.

Fracture toughness was determined by using
the methods of mechanics of destruction on
the level of the critical stress intensity factor
Kis (MPaxm®°). Material on re-coated
fracture toughness showed that introduction
to composition microsilica (15 kg/m°)
increases Kis by 0,02-0,05 MPaxm®®.
Introduction of a filler of ashes ablation (to
10 kg/m®) increases Kis by 0,02-0,03
MPaxm®°. For all concrete technological
damage shall be determined by electronic
photographs (Figure 2).
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a) 1-s1 cepist (MIKpOKpEMHE3EM);
0) 2-51 cepist 1ocmiaiB (30J1a-BUHECCHHST )

Pucynok 2 — TIpuxiag TpOSBACHUX TEXHOJIOTIYHUX
TPINTUH Ha 3pa3Kax MEMEHTOOSTOHHOTO TOKPHUTTS 3a
nonomororo mudposoro mikpockomy Sigeta Cam-04

AHali3 mokasaB, MO KOEQIMIEHT TEXHOJIOT1YHOI
IIOIIKOHKEHOCTI OeTOHIB 3MiHIOBaBcs 3 1,65 mo
1,90. CoocrepexxeHHss MOKa3ald, IO IpH
BBEJICHHI /IO CKJany OETOHY palioHaIbHOL
KUTBKOCTI HaIlOBHIOBaYa 30J1M-BUHECEHHS (110 7,5
Kr/m), KoeilieHT TEXHOJOTTYHOT
MOLIKOJDKEHOCTI  3MeHLIyeTbcs Ha 4-6% vy
MOpIBHSAHHI 31 3pa3kamMu 03 HalOBHIOBAua.
301IbIIeHHS] KITBKOCTI 1eMeHTy (1o 500 Kr/M3),
0 BBOJUTHLCS 10 OETOHHOI CyMIIIi CyMiCHO 3
palioHaIbHOO KUIBKICTIO HAMoOBHIOBaYa
MIKpOKpEMHEe3eMy, Bele 10 TOro, M0 po3Mipu
KJIACTepiB  3MEHIIYEThCS Ta  IMOKPAIIYEThCS
MOYaTKOBE CTPYKTYPOYTBOPEHHS KOMITO3UTY 3
LIEMEHTOOETOHY.

OnHUM 3  OCHOBHUX (aKTOpiB, $KI 3HAYHO
BIUIMBAIOTh Ha ¢bi13uKO-MeXaHIYHUX i
eKCIUTyaTaliiiHl ~ XapaKTEepUCTHKH  IMOKPUTTS
aBTOMOOUIBHUX JIOPIl 3  IIEMEHTOOETOHY, €
UMKIIYHUN ~ BIUIMB HA HBOTO  3HAKO3MIHHOI
TeMIiepatypu (3aMOpPOXKYBaHHS — BiITalOBaHH).
KinpkicTh piUHMX IMKIIB 3aMOPOXYBaHHS —
BIJITAIOBaHHS IOPOKHBOT'O MOKPUTTS 3aIEKHUTh BiJl
30HW HOTO po3TamryBaHHsI. ABTOMOOLTIbHA JIOPOTa,
SK TIpaBUJIO, JIyXe TMpoTshkHa cropyna. Lle
BHU3HAYa€ BIAMIHHICTP B YMOBaX eKCILTyaTarlii
JOPOKHBOTO MTOKPUTTS s ii aisistHOK [13].

bymm MIPOBE/IEH1 JIOCHI TN BILJIUBY
noBiTpoyTsryBanbHoi no6aBku PT-1 (0,05%) Ha
MOpPO30CTIMKICTh TOPOKHBOTO MOKPUTTS 3 OETOHY
[14]. Hocmimu moka3aiu, IO 3aCTOCYBaHHS ITi€i
NO00aBKH TMPU3BOJIUTH A0 30UIBIICHHS KUTBKOCTI
MOBITPS y OeTOHHIH cymimn Ha 2,5% 1 CTAaHOBUTH
5% Bim 00’emy 3paska. llpu  mpomy
3a0e3MeuyeThCs PO3MO/IiT PIBHOMIPHUX 3aMKHYTHX
Mop y Matepiaii, SKuii CKiaB 34 opH 3 JiaMeTpoM
30,001 10 0,05 MM Ha 1 cM® (IpHPICT 3aMKHYTHX
MOp KOHTPOJILHOTO 3pa3ka ckias 24%), pucyHok 3.
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a) For the first (microsilica)
b) For the second (fly ash)

Figure 2 - Example of the shown technological
cracks of a cement-concrete paving on samples
by means of a digital microscope of Sigeta Cam-
04

The analysis showed that Kis changed with
1,65 to 1,90. Observations showed that at
introduction to composition of concrete of
rational amount of ashes ablation (to 7,5
kg/m®), the coefficient of technological
damage decreases by 4-6%. Increase in
amount of cement (to 500 kg/m?), together
with rational amount of microsilica,
improves the concrete structure formation.

One of the main factors that significantly
influences the physical-mechanical and
operational characteristics of the coating of
cement roads, there are cyclical impact on
him alternating temperatures (freezing -
thawing). Number of summer cycles of
freezing - thawing of pavement depends on
the location of the zone. The road is usually
a very long construction. It is defines
distinction under operating conditions [13].

Experiments air-entraining additives PT-1
(0,05%) for frost resistance of concrete.
Experiences showed that use of this additive
leads to increase in amount of air in concrete
mix for 2,5% and makes 5% of sample
volume [14]. At the same time uniform
distribution of closed pores in material
which made 34 times with a diameter from
0,001 to 0,05 mm on 1 cm? (the gain of
closed pores of a control sample made 24%),
Figure 3.
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a) KOHTPOJIBbHUH CKJIa;
0) 3 no6askoro PT-1 (0,05%)

Pucynok 3 - JlochmimkeHHs

MTOPHUCTOCTI
LEMEHTOOETOHA JJIsl TJOPOIKHBOTO MOKPUTTS

BumnpoOyBaHHs Ha MIIHICTE NPH CTUCKY IiCISA

BUIIPOOYBaHHS HAa MOPO3OCTIMKICTh  3pa3KiB
MOKa3aJid, MI0 TMpH TiABUIICHHI KUIBKOCTI
MOPTIAHIEMEHTY (mo 570 KF/M3)

CIIOCTEpITaeThCsl 30LIBIIEHHS MILHICTh 3pa3Ka
Matepiny Oinpine 60 MIla. BBenenns no ckimamy
no6asok DE 11 (1%) i PT-1 (mo 0,05%), crineHO
3 HANOBHIOBaYeM  MIKPOKpEMHE3eMy  IpH
CepenHii KiMbKOCTI 1ieMeHTy (1o 470 KI‘/MS) BEJE
10 3abe3neueHHs MilHoCTI 6eTony a0 55 MIla.

Bu3HaueHHsT 3HONIYBaHHS BEPXHBOTO IMIApy
MOJIOTHA ABTOMOOITBHUX nopir 3
[IEMEHTOOCTOHHUM  TMOKPHUTTSIM  BeAe [0

3MEHIIEHHS €()eKTUBHOI TOBIIMHU 1 pyHHYBaHHS
MOKpUTTA. ToMy Oyno HEOOXiTHO MPOBEACHHS
JOCHIJUKEHHsT ~ TpOLecy  CTHUPaHHS  3pa3KiB
MTOKPUTTHA, icHst BUIIPOOYBAHHS Ha
Mopo3socTiiikictb (Gr). [IpoBeaeHi BUNpoOyBaHHS
MoKa3alid, [0  BBEIEHHS  HANOBHIOBaYa
MiKpoKpemHe3emy (10 15 KF/M3)

cniapHO 3 (hibporo (10 0,6 KF/Ms) 3HIKYIOTH Gf 10
0,3 r/em? (6impie 50%). BBemenust 1o ckinamy
OeTOHY HAaNoOBHIOBaua 30JIM-BUHECeHHS (10 15
Kkr/m) 3HMKYE CTHpaHICTh 3pa3KiB
IIEMEHTOOSTOHHOTO MOKPUTTS Ha 8-10%.

BucHoBku

[IpoBeneHH1 MOCHITKEHHS JO3BOJIWIH 3pOOUTH
HACTYITHI BUCHOBKH:

1. IligBumieHHs MIITHOCTI TpU CTUCKY (22%),
MOXK€ JOCATHYTO 3a PaXyHOK paIliOHaJILHOTO
Mia00py KUIBKOCTI  TMOPTIAHAIIEMEHTY J00aBKa
DE11 Ta nanoBHIOBa4a MiKpOKpEMHE3EMY.

2. IlimBuimeHHsT MIITHOCTI OETOHY Ha PO3TAT TIPH
sruHi (20%) Moxke OyTH JOCATHYTO 3a PaxyHOK
parioHaIBLHOTO niaoopy KUTBKOCTI1
MOPTJIAHALEMEHTY CYMICHO 3 THOJIMPOIiJICHOBOO
¢i6poro  (mo 0,6 KF/M3) 1 HAaNOBHIOBaYeM
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b)
a) The composition of the control;
b) With the addition of PT-1 (0.05%)

Figure 3 — Research of porosity of a cement
concrete for a paving

Frost resistance test samples showed that if
you increase the amount of Portland cement
(up to 570 kg/m®), there has been an
increase in the strength of the sample more
than 60 MPa. Introduction to composition
supplements (11%), DE 1 and PT-1 (up to
0,05%), mixed with Silica fume when
average number cement (up to 470 kg/m°)
leads to ensure durability of concrete up to
55 MPa.

Determination of depreciation of the upper
coat layer of the highway leads to reduction
of effective thickness and destruction of a
covering. Therefore carrying out a research
of process of attrition of samples of a
covering, after testing for frost resistance
(Gf) was necessary. The tests showed that
entering of microsilica (to 15 kg/m®)
together with a fiber (to 0,6 kg/m®) is
reduced Gt to 0,3 g/lcm? (more than 50%).
Introduction in composition of concrete of
ashes ablation (to 15 kg/m® reduces
abrasion coating cement concrete samples 8-
10%.

Conclusions

Research has led to the
conclusions:

1. Increase compressive strength (22%), can
achieved by the rational selection of the
quantity of cement, additives DE11 and
fillers of microsilica.

2. Increasing the tensile strength of the
concrete in bending (20%) can be achieved
through rational selection of the quantity of
Portland cement in conjunction with
polypropylene fiber (up to 0,6 kg/m®) and

following
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Mikpokpemuesemom (10 15 kr/m®).
3. TlokpamieHHss yZapoCTIMKOCTI  maTepiany
JIOPOKHBOTO MOKPUTTSI MOKE OYTH JTOCATHYTO 3a
paxyHOK pallioHaJIbHOTO TiA00py  KIIBKOCTI
NOPTJIAHALEMEHTY, TojinpomnijeHoBoi ¢Gidpu Ta
MikpokpemHe3eMy. Tak, npu BBeaeHHi 0,6 Kr/m®
noJiinpornineHoBoi (hidpu, yaapocTiikicTe OeTony
3poctanma 10 33%. Ilpu BBemeHHI 10 CKiIamy
0EeTOHY HANOBHIOBaYa MIKPOKPEMHE3EMY Pa3oM 3
¢di6poro 1 IT1IBUILICHHS KUIBKOCTI
noptiaanaueMenty (mo 500 KI‘/MS) T ABUIIYEThCS
yaapHa MilHIicTh 6eToHiB Ha 50%.
4. AmHami3z pe3ynbTariB  JIOCIIKCHb, II0JI0
CTHPAHOCTI MaTepiaiy, MOKa3aB IO MiJBUIICHHS
CTIMKOCTI JIO CTHUpPAHHS Marepially JOPOXKHBOTO
MOKPUTTA MOXKE OYTH JOCSATHYTO 3a paXyHOK
parioHaJIEHOTO nigbopy KUTBKOCTI
MOPTIAHEMEHTY, JTUCIHEPCHOTO  apMyBaHHS
¢i0poro Ta BBEACHHS y CKJIaJ MIKPOKPEMHE3EMY.
Tax mpu BBeseHHI y ckiaa marepiany ¢idpu (10
0,6 kr/mM°) 3HIKy0OTH crupanicte Ha 60-63%.
BBenenHs — HamoBHIOBaua — MIKPOKPEMHE3EMY
CIpHUs€ HE3HAYHOMY 3MEHIIICHHIO CTHPAHOCTI, 10
MOKHAa  TOSICHUTH  3HIDKEHHSM  KIJIBKOCTI
MiKpoJedeKTiB y OeToHi.
5. [IlimBuieHHS BOJOHENPOHUKHOCTI 3pa3KiB
Marepiaiay JTOpOXHBOTO TOKPUTTS MOXe OyTH
JOCSTHYTO 3a PaxyHOK palliOHaJIbHOrO Mifgdopy
KUIBKOCTI ~ 1mieMeHToOeToHy Ta mo0aBku DE11
(W10).
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microsilica (up to 15 kg/m®).

3. Improving the impact resistance of the
material of pavement can be achieved
through rational selection of the quantity of
Portland cement, fiber and microsilica. So,
at introduction of 0,6 kg/m® of a fiber, crash-
worthiness of concrete increased up to 33%.
With the introduction of a composition
microsilica concrete together with fiber and
increase the amount of Portland cement (up
to 500 kg/m®) increases impact strength
concretes at 50%.

4. Analysis of the results of studies on the
abrasion of material showed that increased
resistance to abrasion material of pavement
can be achieved through rational selection of
the quantity of Portland cement, fiber and
microsilica. So when introduced into the
composition of the material fibers (up to 0.6
kg/m®) will reduce abrasion on 60-63%.
Introduction of a filling agent of microsilica
promotes insignificant reduction of abrasion
material that can be attributed to a decrease
in the number of micro-defects in the
concrete.

5. Improving water resistance of samples of
material of pavement can be achieved
through rational selection of the quantity of
cement concrete additives and DE11 (W10).
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