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YJIOCKOHAJIEHHS TEXHOJIOT'Ti TAPIUOI'O PECAUKJIIHTY
ACPAJTBTOBETOHHUX INOKPUTTIB HEX KOPCTKHUX JOPOXKHIX TA
AEPOJIPOMHUX ITOKPUTTIB

AHoTauig. Y poOoTi po3risiiaBcss METO MOMIMIISHHS SIKOCTEH MaTepiajiB, sIKi 3aCTOCOBYIOTHCS TIPU
TEXHOJIOTIT TapsA4oro PEecakiIiHTy crmocodom "Ha micii", a caMe — BH3HAYECHHS ONTUMAJIBHOTO
BMICTy OiTyMy Ta creuialibHUX J100aBOK mpupoaHoro Oitrymy Selenizza SLN 120 B 3anexHocCTi Bij
3€pPHOBOTO CKJIa/1y KaM'ssHOTO MaTepiaiy.

OO0’ €eKT OCTIIKEHHS — YOPHUIA IE0iHb.

Meta poOOTH - TIPOBEIEHHS aHATI3y PEMOHTY IMOKPHUTTS 3 3aCTOCYBAaHHSIM TEXHOJIOTIi raps4oro
pecalKIIiHry, Ta BH3HAUEHHS LUIAXY YIOCKOHAJCHHS TEXHOJIOTIi 3a paXyHOK BBEJICHHS B CKJal
cymimri 1o6aBKu mpupoaHOro Gitymy Selenizza mpu mpuroTyBaHHI 4OPHOTo MICOCHIO K MaTepiaty
IUTSL BIATHOBJICHHS CYMIILI.

Metoau AOCIIKEHHS — EKCIICPUMEHTAIbHI.

Kir04oBi ci10Ba: TEXHOIIOTIS Tapsvoro pecakiiHry, MpupoaHid OiTym selleniza, 6iTyMOEMKICTb,
TeMIepaTypa po3M’ IKIIICHHsI, 3YCTIJICHHSI, YOPHHI 1Ie0iHb, B A3KICTb.
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IMPROVEMENT OF THE TECHNOLOGY OF HOT RECYCLING OF
ASPHALT LAYERS IN FLEXIBLE AND AIRFIELD PAVEMENTS

Abstract. The work was considered a method of improving the quality of the materials used in the
technology of hot recycling method "on site” - namely, determination of optimum bitumen content
and special additives according to the grain of the stone material.
The object of study — black gravel.
Purpose — the purpose of this study — is the analysis of pavement rehabilitation including application
of the hot recycling technology, and identification of a way to improve the technology by introducing
a natural bitumen additive Selenizza into the mix, in the course of preparation of black crushed-stone,
as a material for rehabilitation of the mix.
Research methods — experimental.
Keywords: hot recycling technology, natural bitumen selleniza, bitumoyemkist, softening
temperature, coupling, black gravel, viscosity.
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COBEPHIEHCTBOBAHUME TEXHOJIOI'MU I'OPAYEI'O PECAIﬁK.JIJJHFA
HEXECTKHUX JOPOKHUX U ADPOAPOMHBIX IOKPBITUH

AHHoTamusi. B pabore paccMarpuBaiics METOJ YAydIICHHS KadeCcTBa MaTEPHUAIOB, MPHUMEHSICMBIX
MpU TEXHOJOTMH TOpPSYEro pecailkiaumHra crmocoOoMm "Ha wmecte', a HMEHHO - OIpeaelieHue
ONTUMAJIBHOTO COJIEpKaHUs OUTyMa U CHEIUAIBHBIX J100aBOK mpupoaHoro ouryma Selenizza SLN
120 B 3aBUCUMOCTH OT 3€pHOBOT'O COCTaBa KAMEHHOI'0 MaTepuasa.

OOBEKT uccaea0BaHus — YEPHBIN MIEOCHB.

Ilenp paboOTHI — MpOBENEHHE aHAIM3a PEMOHTA TMOKPBHITHS C MPUMEHEHHEM TEXHOJOTHUHU TOPSYero
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pecaliKJIuHra, U ONpPEJEJICHUE MYTH YCOBEPIIEHCTBOBAHUS TEXHOJIOTHMH 3a CUYET BBEJICHHS B COCTaB
cMmecH A00aBKH mpupoaHoro 6utyma Selenizza npu NpuUroTOBICHUH YEPHOTO IIEOHS KaKk MarepHualia

JUI1 BOCCTAHOBJICHUS CMECH.
MerToibl uccneI0BaHus — SKCIIEPUMEHTAIbHbBIE.
KiaueBnie ciioBa:

TCXHOJIOTHUA TOopA4YCro pec aﬁKHI/IHFa,

ecTecTBeHHbI OuTy™m selleniza,

OUTYMOEMKOCTh, TEMIIEpaTypa pa3MIrdeHusl, CleIIeHue, YepHbIi 111e0eHb, BI3KOCTb.

Beryn

ITim gac peKOoHCTPyKIlii aBTOMOOIIEHUX
aopir 3 ac(anbTOOCTOHHUM  TOKPHUTTIM
e(heKTUBHUM CIocooom PEMOHTY €
3aCTOCYBAaHHS TEXHOJIOTII TrapsSvoro pecakIiHry
crmocoboM '"Ha micii", OCKIIBKY LT TEXHOJIOTIS
€ HaWOUIBIII 3pyYHOI0 Ta EKOHOMIYHO BUT1IHOIO
1 J1ae HaAM 3MOTy MOBHICTIO 3MIHIOBATH CKJIaJ
Oy/b KX KOMITOHEHTIB B CyMIiIlIi.

AHaJi3 TeXHOJIO0Tii

B Vkpaini Ha manumii yac Ourbme 90% mopir
nmoOymoBaHi 3 acPajibTOOCTOHHUM TOKPUTTAM
K1 TAJa0ThCd 3HAUYHUM HABAaHTAXKEHHSAM IO
MoCTiHO 3poctae. KomTu Ha KamiTalbHHAN
PEMOHT Ta PEKOHCTPYKIII0O MPAKTUYHO HE
BUJUIAIOTECS, TOMY OibIIa YacTHHA MeEpPEexi
aBTOMOOUIbHHUX AOpPIr moTpedye peMoHTy abo
nepedy10BH.

ITopucti 1 gedopmoBani
MOXYTh OyTH BiJHOBJEHI
rapsyoro pecakiiHry - Tpolecy, SKHUH
BUKOPHUCTOBYETHCS ~ BUKIIOYHO B (hopmi
MOOUIBHOTO OyJiBETbHOrO MaijgaHuuka. TyT
BKpail BaXJIMBE 3HAUEHHS MAa€ HEYUIKOJKEHa
mapyBara CTpykrypa. [apsuuii pecalkiiHr
MOKpAIIlye€ BCl BaXJIMB1 BIACTUBOCTI MOBEPXHI 1
npodiIr0 JTOpPOTH, a TaKOXK CKIan (Qpaxiii B
MIOBEPXHEBOMY ILIapi.

miapyu  MOBEPXHI
32 JIOIIOMOTOIO

IToBepxHeBui map HarpiBaeThCs pile]
TeMIeparypu 150°C po3sirpiBauem 3
iHppayepBOHUMHU  Ta30BUMH  HarpiBaJbHUMHU

MaHeIsIMUA, TICIAS YOTr0 pPEMIKCEep PpO3MYIIyeE,
BUJAISIE 1 3HOBY VYKJIala€ pPO3M'SKIICHUN
achanpTobeTon.  lleii  metom  mo3BOIsIE
BiJIHOBUTH BJACTUBOCTI JOPOTH 1 CTIK BOJH, a
TakoX ycyHyTH BuOOiHU. [loTeHIiitHa eKoHOMIs
KOIITIB IOCTaTHHhO 3HAYHA.

ITmocom mi€i TexHomorii € mpocTora Yy
BH3HA4YeHH1 (HOPMYSIH HOBOI cymimni. €auHe 10
MOTPIOHO 3pOOUTH, 1€ B3STH KiIbKa KEPHIB IS
BHU3HAYEHHS KIJIBKOCTI 100aBKU.
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Introduction

The hot recycling technology "in situ” is
considered to be an efficient method of
rehabilitation, applied in the course of
reconstruction of asphalt-concrete pavement
highways; since this technology is the most
convenient and cost-effective, and it enables us
to completely change composition of any mix
component.

Analysis of the technology

At present more than 90% of Ukrainian roads
are asphalt-concrete pavement type roads,
which are subject to significant loads, which
constantly increase. There are hardly any funds
allocated for rehabilitation and reconstruction
of these roads, therefore a major part of the
highway  system  requires  repair  or
reconstruction.

Porous and deformed surface layer can be
rehabilitated by means of hot recycling — a
process which is applied exceptionally in a
form of a portable construction site. In this case
an undamaged layer structure is of a great
importance. The hot recycling improves all the
essential properties of road surface and cross-
section, as well as fraction composition in the
wearing course.

The wearing course is heated to 150 ° C by a
heater with infrared gas heating panels, after
which a remixer loosens, removes and repaves
the loosened asphalt-concrete. This method
enables to reinstate the road properties and
drainage, and rectify potholes. A potential
saving is quite essential.

The advantage of this technology is the
simplicity of a new mix formula determination.
The only thing that has to be done in this case
is collection of several cores for evaluation of
an additive quantity.
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MiHycH X y TOMy, IIO ISl TEXHOJOTiS IyxKe
CHeProEMHA, IO HETaTHBHO MO3HAYAETHCS HA
cobiBapTocTi po0iT, 1 uepe3 HarpiBaHHSA OITYM
me OuabIne crapie 1 BTpadae CBOi KOPHUCHI
BJIACTUBOCTI, aJl¢ I[bOIO0 MOYKHA YacCTKOBO
VHUKHYTH TigiOpaBIIM  TPaBWIBHUK  CKJIaj
CyMillli Cy4acHUX MartepialliB siKi 3amo0irarTh
CTapiHHIO MIOKPHTTSI.

Meta podotu
[IpoBeneHHss aHamily pEMOHTY TOKPHUTTA 3

3aCTOCYBaHHSIM TEXHOJIOT11 raps4oro
pECaKIIIHTY, Ta BU3HAYCHHS NUISIXY
YIOCKOHAJIEHHSI ~ TEXHOJIOTI 32  PaxyHOK

BBEJICHHS B CKJIAJ CyMIIlli JJOOABKH MPUPOIHOTO
oitymy Selenizza mpu nmpuUrOTYBaHHI YOPHOIO
meOeH0 SIK  Marepiainy Ui BiJHOBJICHHS
CyMiIIi.

3aBaaHHA
- TIPOBEJICHHS €KCIIEPUMEHTAIBHUX JOCIIKEHb
IPUTOTYBAHHS YOPHOTO IEOHIO 3 JOJAaBAHHSAM B
CKJIaJ] CyMillli IPUPOAHOTO OITYyMY;
- BHU3HAYEHHA OITYMOEMKOCTI Ta 34YeIUICHHS
oiTymy 3 MIHEpaJIbHUM marepiaiom,
BU3HAYECHHS TeMIEpaTypy pPO3M'SKIIEHHA Ta
B'SI3KOCTI B’ SDKYYOTO
- BHUKOHATH MiAlIp CKJIaay pereHepoBaHOIro
ac(anbTo0eTOHYy MOIU(DIKOBAHOTO MPUPOIHIM
oitymom Selenizza;
- BUKOHaTU  TEIUIOBI3iiHE  OOCTEXEHHS
MPUTOTYBAaHHS Ta PEMOHTY ITOKPUTTSI.

Onuc MeToaUKH BUIIPOOYBaHHS

Y  poboTi  pO3MISIHYTO  METOJ  rapsyoi
pereHepariii JOPOXHbBOIO MOKPUTTS CHOCOOOM
Ha MICIIl OCHOBHUMH II€peBaraMu siIKoro € MmoBHE
BUKOPUCTaHHS MaTepialiB CTaporo MOKPHUTTS,
KOPOTKMHM TEpMIH BHMKOHaHHS poOIT, 3aMiHa
CKiagy Oyab-iKMX KOMIIOHEHTIB Yy CKJaJIi
CyMimn MaTepialy Ta TMOBHE BIJIHOBIJICHHS, IIO
SKOCTI, BIacTUBOCTeH noporu. Cxema poOiT 1iei
TEXHOJIOTIT JIy’)Ke€ MPOCTa 1 BUKOHYETHCS 3a TPU
eranu: | eram - BUTOTOBISAETBCA CYMIII Ha
achanpToO€TOHHOMY 3aBoj, ska; Il eram —
CYMIIll TPaHCIOPTYETbCS HAa MiCLE YKIIaJaHHS
aBrocamockusom,; Il eram — momaya cymimi B
peMikcep SKMH 3Milllye, HarpiBa€, BUPIBHIOE Ta
YKJIaJa€ TOTPIOHY CYMIIIL.

Came w©Ha gpyromy erami 1 BigOyBaeThCs
HaWO1IbIIa KUIBKICT MPOOJIeM, OCKUIBKH TpH
NepeBe3eHHI Marepian BTpayae CBOi SKOCTI 3a

31

Its weakness is attributed to the fact that this
technology is power-consuming, which affects
the prime cost, and due to heating the bitumen
deteriorates even more and looses its useful
properties, however this can be partially
avoided by designing of a correct mix design
with modern materials preventing pavement
deterioration.

Purpose of the study

The purpose of this study — is the analysis of
pavement rehabilitation including application
of the hot recycling technology, and
identification of a way to improve the
technology by introducing a natural bitumen
additive Selenizza into the mix, in the course of
preparation of black crushed-stone, as a
material for rehabilitation of the mix.

Objectives
- undertake experimental studies in terms of
preparation of black crushed-stone, with
addition of natural bitumen into the mix;
- identify bitumen content and bitumen
adhesion to a mineral material, identify a
softening point and a binding agent viscosity;
- produce a mix design for regenerated asphalt-
concrete modified by the natural bitumen
Selenizza;
- undertake a thermovision inspection of
pavement preparation and repair process.

Description of the testing methodology
This study presents a method of hot
regeneration of road pavement “in situ”, the
main advantages of which are whole utilization
of the old pavement materials, short period of
works execution, revision of composition of
any components in the mix and a complete
reinstatement of road properties, in terms of
quality. The workflow under this technology is
very simple and it is implemented in three
stages: stage I — production of a mix on an
asphalt plant; stage II — transportation of the
mix to the paving area by a tipper truck; stage
IIT — feeding of the mix into a remixer, which
mixes, heats, regulates and paves the required
mix.

Particularly at the second stage occur most of
the problems, since in the course of
transportation the material looses its properties,
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paxyHOK TMPWIHIIAHHA JO CTIHOK Ky30Ba
aBTOCAMOCKHJy Ta CIIOB3aHHS B'SKY4Oro 3
KaMm'sHoro Mmarepiany. Lux mnpobiem MoxHa
YHUKHYTH BU3HAYHBIIH ONnTUMAalIbHE
BITHOIIIEHHS KOMIIOHEHTIB [LUIIXOM
MPUTOTYBaHHI  4opHOro mebH. OO0pobOka
meOHI0 OpraHiyHuM BSDKYYHUM 1O  Tapsdii
TEXHOJIOTIT BKJIIOYA€ CYIIKY 1 HarpiBaHHS
caMoro mieOHIO 1 B'SXKY4Oro, iX HO3yBaHHS 1
nepeMilTyBaHHs B 3MillTyBaydax.

JUisl TOCATHEHHs L€ YAOCKOHAJIEHHS CKIIay
Martepiay B 1a00paTOpHUX JOCIIPKEHHIX 0Yyi10
BUKOHAaHO KommayHayBaHHs Oitymy BH]J|
90/130 3 mpupoauim Oitymom Selenica SLN
120. Manuii pocmin MOYMHABCS 3 MiIOOpy
MPUPOJHBOTO KaMsSHOTO Marepiany (me0Hto)
¢pakmismu 5-10, 10-20 ta 20-40, Tak mo06 Bci
JacTKH Oy TpuONIM3HO KyOiwHOi opmu aiis
MaKCUMaJIbHOI ~ YIIaKOBKM 3epeH. Matepiai
MOMEPETHHO OYMINABCS Ta BHCYIIYBAaBCA JO
MOCTIHHOT Macu B CymIwibHiN madi. s uporo
mebinp OyB 3BaK€HHI JBOMa crioco0amu Ta y
nBox craHax. CroyaTKy 3Ba)KyBaBCsS y TaKOMY
CTaHi SKMM BiH OyB B3saTHH '3 ckiamy',
3BXYBAaHHS  IPOXOAMJIO Ha TMOBITPI Ta
TIAPaBIIYHUM  CIOCOOOM, IO  JIO3BOJISIE
OiABUIIUTH  TOYHICTh  po3paxyHKy. Ilotim
AQHAJIOTIYHO 111€01Hb 3Ba)KyBacsl y BUCYLIEHOMY
0 TIOCTIHHOI Macu cTaHi. Jlug TOYHOCTI
pPO3paxyHKIB ~ KOXXHE  3€pHO  MaTepiaiy
3BXYBaJIM OKPEMO, a TMOTIM CyMapHO IO
KOXkHIM  ¢pakuii. B  nomamsmomy  Oyno
MIPOBE/IEHO BU3HAUEHHS CEPEAHbOTO 3HAYECHHS
JlaMeTpy 4YacToK MIeOHI0 10  33aJaHOMY
3epHOBOMY CKJIany, i BEJIMYMHU
BUKOPUCTOBYBAJIMCH MPH OOYUCIIEHHI TOBIIWHU
TUTIBKH BSDKY4YOTO MaTepiaiy.

Jlani BUKOHYBajoch 3MimyBaHHa Oitymy BHJI
90/130 3 mpupomHiM OITYMOM Yy HIPOMOPLIAX
J0ZIaBaHHs IPUPOIHBOTO 0iTyMy criodatky 10%
motim 20, 30, 40 1 50 % 3Bepx mMacu BUXITHOTO
0iTyMy, Al BU3HAYaHHA .ONTUMAJIBHOTO BMICTY
T00aBKH. KomnayHnyBaHHS ~BHKOHYBAJIOCH
nuisixom posruiasienns 6irymy BHJI 90/130 no
OJTHOPIAHOT MacH 3 ToJaBaHHAM OiTymy Selenica
SLN 120, y Burnsai nopouky ¢p. — 4 mm, 10
iXHBOTO IIOBHOT'O pO3TaBaHH: npu
nepiofuyHoMy nepeminryBanui. [licns yoro
cymim OIiTyMiB 3aluMBajlacb y €MKICTh Ta
BUTPUMYBajlach y CYIWIbHIH 1madi mpu
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for it sticks to the tipper truck body, and the
binding agent runs off the stone material. These
problems can be avoided by means of
identification of an optimal proportion of the
components by preparation of black crushed-
stone. Treatment of aggregate with an organic
binding agent, as part of the hot technology,
includes drying and heating of the aggregate
itself and the binding agent, batching and
mixing.

For achieving the goals of improvement of the
material composition, compounding of bitumen
BND 90/130 with the natural bitumen Selenica
SLN 120 was undertaken in the course of
laboratory trials. This trial started with
selection of natural stone material (crushed-
stone) of fractions 5-10, 10-20 and 20-40,
ensuring approximate cubic shape of all the
particles, for the purpose of maximal
compaction of grains. The material was cleaned
and dried to a stationary mass in a drying box.
For this purpose the aggregate was weighed in
two ways and in two conditions. First it was
weighed in a condition as taken from the “stock
pile”, weighing was undertaken in the open air
and by a hydraulic method, which enables to
enhance accuracy of calculations. After that the
aggregate was weighed in a dried to the
stationary mass condition. For the purpose of
accuracy of calculations every grain was
weighed separately, and after that it was
weighed by fractions. Later on an average
diameter of crushed stone particles was
identified on the established granulometric
composition; these figures were used while
calculating the binding agent film thickness.

Upon that we undertook mixing of the bitumen
BND 90/130 and the natural bitumen, at first
proportioning the natural bitumen at 10%, and
after that at 20, 30, 40 and 50 % over the mass
of the original bitumen, for the purpose of
identification of an optimal additive content.
The compounding was undertaken by means of
melting the bitumen BND 90/130 to a
homogeneous mass, with addition of the
bitumen Selenica SLN 120, in a form of
powder fr. — 4 mm, to their complete fusion,
with periodic stirring. After this the bituminous
mix was poured into a container and kept in a
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temneparypi 120 °C no Tux mip MOKM BOHa He
CTaja TOBHICTIO OJHOPITHOK, KOJIM HE BHUIHO
KPYIMUHOK HPUPOAHBOTO OiTyMy. Y 3aJeXHOCTI
BiJI KUJIBKOCTI JOOABKHU 4ac SKUH MOTPIOHMI Ha
MOBHE pO3CTaBaHHS OiTymMy OyB pi3HHM, TOII
koiu mpu BMicTi 10% mo0aBku cymill cTaBalia
onHopigHOO 32 30-40 xB., TO pu BMicTi 50% Ha
e 0yso moTpioHO 4 TO/I.

OTpumaBu OJTHOP1AHI Macu yKe
Mou(iKOBaHOTO OiTyMy BH3HAYaJlId HOrO
BS3KICTH Ta  TEMIIEPATypy  PO3MSKIICHHS.
YMoBHa B’s3KicTh OiTyMy BH3Hayalach Ha
neHeTpomeTpi mpu Ttemmeparypi 25 °C, a
TeMIIepaTypa PO3MATIICHHS 32 METOJOM KiJIbIle
1 kyna 3rigHo JICTY b B.2.7-81-98. Pe3ynbratu
BUTIPOOyBaHs HaBeneHI B Tabn. 1, 3aiexHicTh
NPOHUKHEHHS ~ TOJIKM  TICHETpOMeTpa  Ta
TEMIIEPATypU PO3M'SKIICHHS B 3QJICKHOCTI BiJI
BMicTy 100aBku Ha puc.l - 2.

Jlami  BU3HAUYE€HHA  OITYMOEMKOCTI  PI3HHX
¢bpakiii mebeHt0, BUKOHAIN HyMEpPYBaHHS BCiX
3pa3KiB II€0IHOK, IMMONEPEIHBO ITIBIIICHUX Ha
MiTHI JAPOTHKH (OJHAKOBOI JOBXKWHHU 1 MacH),
IUIL 3pY4YHOCT]1 3aHyprOBaHHs iX B OITyM [0
noBHOro oOBoJiikaHHA. [loTiM yxe Bcl roToBi
3pa3ku 3aHyproBajuch B OiTyM , mo 10 3pa3kiB
KOKHOT (pakiii 1mebiHOK B  pO3IJIaBIEHUN
MoaudikoBaHU OiTyM BIAMOBIAHO 3 PI3HUM
BiZicOTKOM n00aBku. [licnms 3aHypeHHs BCiX
3pa3kiB  BOHM MiABINIYBAIHCH JI0 TIOBHOTO
CTIKaHHS HaAJIUIIKy OITyMy Ta IOBHOTO
BucuxanHs.  Ilicng  4oro  mpoBOAMIIOCH
3BaXyBaHHS 3pa3kiB 3 OITyMOM, TUM CamMuM
METOJIOM Y BO/JIl Ta 3BUYAHHUM 3Ba)KyBaHHSM, Ta
PO3paXyHKOBHM METOJIOM BCTAaHOBJICHO sIKa
KUTBKICTh OITyMy B 3aJIe)KHOCTI BiJ (pakiii
meOIHOK 1 BMICTY A00aBKH 3aJHMIIAE€THCS Ha
3pasKy. KinneBum BunpoOyBaHHSAM  Oyio
BU3HAYCHHS 3YCTUICHHS B'SDKYYOTO 3
MiHEpaJIbHOK YaCTUHOI YOpHOro mieOHro. s
BOTO KOXHE 3€pPHO OMYCKAEThCA B XIMIYHUMN
CTaKkaH, SKUM HamOBHEHHH JMCTHIIbOBAHOIO
BOJOI0O 1 BCTAHOBJIIEHUH Ha €JIEKTPOILIUTY,
JIOBOJASAYM BOAY 1O KHUMIHHA (ajJe He [0
OypHOTO0), Tak 100 3pa3ku HE TOPKHYJIUCH Hi
JTHA Hi CTIHOK CTakaHa i BUTPUMYEMO B CTafii
kumiHHsA 5 xB. [licns mporo gictaemo 3pa3ok Ta
3aHYPIOEMO Y XOJIOZHY BoAy 1 - 2 XB. mJis TOrO,
o0 3aKkpinmuiach IUIiBKa OITyMy 1 MPOBOJAMMO
Bi3yaJIbHY OIIIHKY.
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drying box at the temperature 120 °C, until it
became completely homogeneous, and no
crumbs of the natural bitumen could be
observed. Depending on the quantity of the
additive the time required for complete fusion
of the bitumen varied, in the case of 10%
additive content the mix became homogeneous
in 30-40 minutes, and in the case of 50%
additive content, it took 4 hours.

Having received homogeneous mass of
modified bitumen, we identified its viscosity
and softening point. The funnel viscosity of the
bitumen was identified by means of a
consistency gauge at the temperature 25 °C,
and the softening point was identified by means
of a ring-and-ball method in accordance with
DSTU B V.2.7-81-98. The results of the trial
are shown in table 1, the correlation between
the consistency gauge penetration and the
softening point, depending on the additive
content, is shown on pictures 1 - 2.

Upon that was identified bitumen content for
various fractions of aggregate, we numbered all
the samples of aggregate, pre-hanged them on
copper wires (of similar length and weight), for
the purpose of convenient dipping into the
bitumen until complete coating. After that all
the prepared samples were dipped into the
bitumen, 10 samples of each fraction were
dipped into the melted modified bitumen, with
various proportions of the additive. After
dipping all the samples were hanged until all
the excessive bitumen ran off and the samples
dried up. Upon that the samples with bitumen
were weighed, by means of the same method in
water and ordinary weighing, and by means of
a computational method we identified the
quantity of bitumen remaining on each sample,
depending on a fraction of the aggregate and on
the content of the additive. The final testing
was identification of the binding agent
adhesion to the mineral part of the black
crushed-stone. For this purpose every grain was
dipped into a cylindrical vessel, which was
filled up with distilled water and put on an
electric hot plate, the water was brought to the
boil (however not vigorous boil), so that the
samples did not touch the bottom or the sides
of the vessel, and was kept boiling for 5
minutes. Upon that the samples were taken out
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Y mpomeci npurotryBaHHsi ac¢anbToOeTOHHOT
CYMIIlll Y1 YOPHOTO IMEeOCHIO KOXHE MIHEpaIbHE
3epHO 1IeOEHI0, MICKY, MIHEPAIbHOTO MOPOIIKY
MMOBUHHO OYyTH MOKPUTO OITyMHOI mutiBKoro. [Ipu
HEMIOBHOMY  IMOKPUTTI YacTUHOK  OITYMHOI
IUTIBKOIO acasbTOOETOH YW YOPHUM IICOBIHB
pyHHYeTbCSI ~ TpuU  poOOTI Yy  BOJOTOMY
CEpENIOBHILI, B PE3yJIbTaTi MPOHUKHEHHS BOIU
Yyepe3 BIIKPUTI MICII Ha 3epHax MmiJ OiTyMHY
IUTIBKY 1 BUTICHEHHS ii 3 TOBepXHI. Y Xoi
nocaigy Oyno BHSIBICHO IO IIEOIHKM MEHIIIHX
(dpakiiii MMOKPUBAIOTHCA OITYMHOI IIJTIIBKOIO
MIBUIIIE HIK BEJIHKI, aj€ TOBINMHA ILIIBKH
MEHIIIA.

indip ckaagy 4opHOro medHI0

B'soxkyunm Matepianom B ckiami cymimi OyB
npuitastuii 6itym BHJL 90/130 monudikoBanuit
npupoaHo no6aBkoro  Selenizza SLN-120.
Bmict pgo6aBku  Ha 100% Gitymy OyB
MPUNUHATAN TaKUM YMHOM: TEPIIMHA 3pa3ok 0e3
no0aBku; Ipyruii 3pa3ok - 10% BMicTy 106aBKu;
TpeTii 3pazok - 20%; yerBepTuii 3pazok - 30%;
m'satuit 3pa3ok - 40%; moctuit 3pazok -50%
BMICTy no0OaBku. B sikocTi 3amoBHIOBada OyB
nigiopanuit  mebinp ¢pakmismu: 5-10; 10-20;
20-40 MM y CIiBBiIHOIIEHHI IJIsI OTPHMAaHHS
CYMIIIIi MaKCUMAJbHOI HIITBHOCTI.

Pe3ysabTaTn BUnpoOyBaHb Ta ix aHa i3
PesynpTat BHUIIpOOYBaHb 10 BU3HAYEHHIO
TEeMIepaTypu pO3M'SKIIEHHS Ta  yMOBHOI
B'sI3KOCTI OiTyMy HaBezleHi B Ta0. 1.

Tabmuus 1 — Pesynpratu  BUNpoOYBaHb
B'I3KOCTI Ta TEMIEPATYpPU PO3M'SIKIIICHHS
Bwicr 1-it 2-it 3-it Cepenne Temmepa
JI00aBKH YKOI | yKONI | yKOJI 3HAYEHHS Typu
SLN-120, 100 >100 PO3M'sIK-
3BEpX % % LIEHHS
100%
OiTymy
% MM IIMM MM °C
0 106 | 92 | 91 | 963 | 93 49,5
10 76 | 59 | 60 | 650 | 65 54,25
20 53 | 52 | 49 | 513 | 513 | 57,75
30 38 | 43 [ 42 | 410 | 41 60,5
40 32 | 31 [ 34 | 323 [ 32 63
50 33 | 30 [ 33 [320] 32 65,5

Ha pucynky 1 ta pucynky 2 rpadiyHo nokasaHo
K 3MIHIOETbCS B'A3KICTH Ta TeMIepaTypa
pO3M'AKIICHHST OITyMy B  3aJ€XKHOCTI  Bij
BiJICOTKA BMICTY JTOOQBKH.
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and dipped into cold water for 1 - 2 minutes to
ensure curing of the bituminous film and carry
out a visual assessment.
In the process of preparation of an asphalt-
concrete mix or black crushed-stone every
mineral grain of crushed stone, sand, mineral
filler should be coated with bituminous film. In
case the particles are not entirely covered with
bituminous film, the asphalt-concrete or the
black crushed-stone will deteriorate while
performing in humid environment, as the result
of penetration of water under the bituminous
film through the gaps on the grains, and its
displacement from the surface. In the course of
the trial it was discovered that smaller fractions
of crushed stone get coated with the bituminous
film faster than bigger fractions, however the
film is not as thick.

Black crushed-stone mix design
The binding agent in the mix was represented
by bitumen BND 90/130 modified by the
natural additive Selenizza SLN-120. Content of
the additive for 100% of bitumen was
established as follows: the first sample — no
additive; the second sample - 10% additive
content; the third sample - 20%; the fourth
sample - 30%; the firth sample - 40%; the sixth
sample - 50% additive content. The aggregate
was represented by crushed stone of the
following fractions: 5-10; 10-20; 20-40 mm in
the ratio appropriate for receiving a maximum
density mix.

Test results and their analysis
The results of the testing for identification of
softening point and funnel viscosity of bitumen
are shown in table 1.

Table 1 - Results of viscosity and softening
point testing

Content of 1 2" 39 [ Average Softeni
additive injec | injec | injec ng
SLN-120, tion tion tion point,
over 100% RAB

- 100 | >100

of bitumen % %

% dmm dmm | dmm °C
0 106 92 91 96,3 | 96,3 49,5
10 76 59 60 65,0 65 54,25
20 53 52 49 51,3 51,3 57,75
30 38 43 42 41,0 41 60,5
40 32 31 34 32,3 32 63
50 33 30 33 32, 32 65,5

Figure 1 and 2 show the change of bitumen
viscosity and softening point depending on the
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Pucynoxk 2 — TIpadix 3amexxHOCTI Temmeparypu
PO3M'SIKIIEHHST BiJl BiZICOTKY BMIcCTy mobaBku Selenizza-
SLN 120 3Bepx 100% 6itymy

Ha oOCHOBI OTpUMaHUX EKCIEPUMEHTAIbHHIX
naHux (puc. 3 — 4) BCTaHOBJCHAa MaTeMaTHYHA
MOJIENIb  3AJIEKHOCTI  OITYMOEMKOCTI  pi3HUX
bpakuiit  mebeHro Big  BMICTy  J100aBKH
npupoaHoro Oitymy Selenizza SLN-120 (B
JOJISIX OJIMHUIII) Ta IUIOIII MTOBEPXHI YaCTOK JIJIst
BOJIOTOT'0 KaM’STHOTO MaTepiaiy.

MaremaTnyHa MO/IEITb 3aJIeKHOCTI
OITYMOEMKOCTI pi3HUX (pakuiii medeHo Bif
BMICTy 7100aBKH TNpHpoaHOTo OiTymy Selenizza
SLN-120 (B monsix ouHUIN) Ta MO MOBEPXHI
YacTOK Uil MPOMHUTOTO KaM STHOTO Marepiaiy
Ma€ BUTJIA:

m, = Aa(Sy) +Bo(Sy) - Fy, 1)

A«(S,) =-0,303617+0,389854-S, +
where, ,
+9,556462-S,°,

R® =0,9957, ()
Bo(S,) =0,004179+0,002562- S,
R? =0.7578, (3)
ne D — miamerp yactok, mwm;
r-D? .
Fa, = — IJI01IA MMOBEPXHI YaCTOK, MM; Sy

4
— BMICT J00OaBKHU
Selenizza SLN-120, % 3Bepx 100% 0itTymy 3a
Sa-0,01
1+ i

100
SLN-120, B Mekax OQUHUII, B JOJISIX.

Macoro; Sd =

35

percentage of the additive content.

200

0 10 20 30 40 50
Additive content, % over 100% of bitumen

Penetration,
1125, dmm

Figure 1 — Dependence Diagram showing correlation
between needle penetration depth and Selenizza-SLN
120 additive content percentage over 100% of bitumen

90L__l__4__—+——+—_+
O 40 ¥ ! } } } |

0 10 20 30 40 50
Additive content, % over 100% of bitumen

Softening
point, Tkik,

Figure 2 — Dependence Diagram showing correlation
between softening point and Selenizza-SLN 120 additive
content percentage over 100% of bitumen

Based on the received experimental data (Fig. 3
— 4) we established a mathematical model
representing correlation between bitumen
content in various fractions of aggregate and
content of the natural bitumen Selenizza SLN-
120 additive (as a decimal fraction), and the
area of particle surface for wet aggregate.

The  mathematical model  representing
correlation between bitumen content in various
fractions of aggregate and content of the
natural bitumen Selenizza SLN-120 additive
(as a decimal fraction), and the area of particle
surface for washed aggregate, is as follows:

m, = Aa(S,)+Bu(S,)-F, » (1)

A«(S4) =-0,303617+0,389854-S, +
where, )
+9,556462- S,

R* =0,9957, )
Bu(S,) =0,004179+0,002562- S, ,
R? =0.7578 (3)
here D — particle diameter, mm
2
Fo = 7 b” particle surface area, mm;

Sq — content of the additive Selenizza SLN-120,
% over 100% of bitumen by weight;

Sq-0,01

Sa = — s,

1+

100

Selenizza SLN-120, as a decimal fraction.

— recalculation of content of
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Pucynoxk 3 — Pe3ynmbTaTé BCTAaHOBICHHS 3aJIC)KHOCTI

BMICTy OITyMy Bill BMICTY HOOaBKH ( B TOJISX OJHWHUIII) Ta
CEPeHbOTO JiaMETPy TMOBEPXHI YAacTOK i1 CYXOro
KaM’sTHOrO Matepiainy

[Ticnst miCTaHOBKH Ta CIIPOIIEHHS OTPHUMYETHCS
3aJEKHICTH  JUIA  PO3PAaxXyHKY  JIOJTATKOBO
yTpUMaHoi Macu OITyMy

m, =0,225+(-0,303617+0,389854-S, +
+9,556462- Sd22 )+(0,004179+0,002562-S,) - F,

abo y BY3BKHX MeEXax 3MIHH BMICTY J100aBKHU
(Big 5 mo 20%) Moens MOKHA CIIPOCTUTH

m, =0,004179-F, +4,61658-S, +

, 5
+0,002562- F,, .S, —0,92765 ©)
4,00
’ ®
3,50 /
3,00 /////)’
£ 250
€ 200 / 2// Y
DR /.
050 " —— &~
0,00 4
5,0 10,0 15,0 20,0 25,0
Hiamertp yacTok, Dcp, Mmm
+00 m10 A20
Pucynoxk 4 — Pe3ynbTaTH BCTaHOBIEHHS 3alIe)KHOCTI

BMICTy OiTyMy BiJ BMIiCTYy H00aBKH ( B TOJISX OAWHUII) Ta
CepelHbOT0 JiaMeTpy MOBEpXHI YacTOK Ui Kam STHOTO
Marepiaiy Iicisi Horo IPOMHUBAHHS Ta BUCYIyBaHHS

MaremMaTiuHa MOJENL  3a1€KHOCTI

BMICTY

JOJJATKOBOTO OITYyMy BiJ BMICTy a00aBKU (B

JOJIIX OJIMHUIII) Ta TJIOIII MTOBEPXHI YaCTOK JIJIst
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Figure 3 — Results of establishment of correlation
between bitumen content and the additive content (as a
decimal fraction) and an average diameter of particle
surface for dry aggregate

After plugging in and simplification we receive
a correlation for calculation of additionally
retained mass of bitumen

m, = 0,225+ (~0,303617+0,389854- S, +
+9,556462-S2") +(0,004179+0,002562- S, ) - F,,

or, within narrow limits of the additive content
variation (from 5 to 20%), the model can be
simplified

m, =0,004179. F, +4,61658-S, + )
+0,002562- F,, - S, —0,92765 ’

4,00
®

3,50 /

§2:50 / //)
Ez,oo / // / Y
=
e

080 e

Diameter of particle, Dep, mm
+00 @10 A20

Figure 4 — Results of establishment of correlation
between bitumen content and the additive content (as a
decimal fraction) and an average diameter of particle
surface for washed and dried aggregate

The  mathematical ~model  representing
correlation between additional bitumen and the

additive content (as a decimal fraction), and the
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CYXOTo KaM’sIHOTO MaTepiainy Ma€ BUIJISL

m, = (0,001866- e17,984091. S4 "

+(0,002185+0,016899-S,) - F,,
R? =0,933, (6)

PesynmpTat po3paxyHKIB 3a MaTE€MaTUYHOIO
MOJICIITIO 3aJICKHOCT1 BMICTY OITYMY BiJ BMICTY
n00aBKH (B IOJISX OJUHMIII) Ta IUIOLI MOBEPXHI
YaCTOK HaBEACHI Ha pUC. 5. s a) cyxoro Ta 0)
IPOMHUTOTO KaM’sIHOTO Martepiaiy (B Jiama3oHi
Bix 7 1o 50% mobGaBkw).

[lepeBiBmM MOy B JiaMeTp OTPUMYIOTHCS
MaTeMaTHYHI MOJIENII 3aJIe)KHOCTI Macu OiTymy
BiJl laMeTPy YacTOK.

- U1 CyXOI'o KaM’siHOTro MaTepiaiy
m, =0,225+(-0,03617+0,389854-S, +

+9,556462- Sdz) +(0,004179+ 0,002562- S, ) x
7-D?
4 1

X

()
JUTSI IPOMUTOTO KaM STHOT'O MaTepiany:
m, = 0,38985-S, +0,003282-D* +

+9,5565-S,° +0,002012- D* - S, —0,07862

[TopiBHSHHS 3 €KCIIEPUMEHTAIbHUMU JaHUMU
BKa3ye Ha XOPOIIY BiAMOBIIHICTh 03paXyHKOBHX
1 (axkTHyHMX 3HAa4YeHb BMICTY OITyMy Ha
MOBEPXHI KaM’SIHOTO MaTtepiaiy.

MaremaTruHa MOJIENTb PO3PAXYHKOBOI TOBIIHHU
IUTIBKM MOJU(IKOBAHOTO OITYMY OTPUMYETHCS Y
BUTJISLIL

m
hy =——2—, (8)
7-D
Ps - 4
7€ 3aJEeXKHICTh HIUIBHOCTI MOAN(}IKOBAHOTO
oiTymy Bim BMmicTy nobaku Selenizza SLN-120

BU3HAYAECTHCA 3a IIPABUIIOM Cy'MiIJ_ICﬁ
~
ps = pb ' ‘_Vd /+ pd 'Vd ' (9)

o P =103
pq =116

— IIUTBHICTH BUX1HOTO OITYyMY, r/M3;

— IIUTBHICTH PHUPOTHOTO OITYMY, e,
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area ofparticle surface for dry aggregate is as
follows:

m, = (0,001866-¢ “)+
+(0,002185+0,016899- S ) - F,,
R? =0,933, (6)

17,984091- S

The results of calculations conducted under the
mathematical model representing correlation
between bitumen content and the additive
content (as a decimal fraction), and the area of
particle surface, are shown on Fig. 5. for a)
washed and dry b) aggregate (within the range
of 7 - 50% of the additive).

Having converted area into diameter we
deduced mathematical models representing
correlation  between bitumen mass and

particles’ diameter
m, =0,225+(-0,03617+0,389854-S, +

+9,556462- Sdz) +(0,004179+ 0,002562- S ) x
D2
4

X

()
For washed aggregate
m, = 0,38985-S, +0,003282-D?* +

+9,5565-S,” +0,002012- D* - S, —0,07862
Comparison with the experimental data
indicates a close agreement of estimated and
actual figures representing bitumen content on
aggregate surface.

The mathematical model of the estimated
modified bitumen film thickness is deduced as
follows

m
b ©
Ps -

4

where correlation between density of modified
bitumen and content of Selenizza SLN-120
additive is identified by means of the mixture
rule

Ps = py - €=V, :+ PaVy )
where p, =1,03— density of the original bitumen,
g/m®,

P4 =116— density of the natural bitumen, g/m’.
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Pucynox 5 — Mogenp 3aiexHOCTI BMICTy OiTyMy Bif
BMICTy J00aBKM (B JIOJISIX OAMHMII) Ta IUIONI MOBEPXHI
YacTOK JUIsi a) CyXOoro; Ta 0) MPOMHUTOrO Ta Kam’sSHOTO
Marepiany (B giamazoni Bix 7 10 50% mo6aBku)

Pe3ynpTaTy BU3HAYCHHS 3UEIUIEHHS B'SDKYUOTO 3
MIHEpPaJIbHOIO YaCTKOIO OI[IHIOIOTHCS Bi3yalIbHO.
B xoni exkcrnepuMeHTy OyJ0 BCTAHOBIEHO, IO
IUTIBKa MpakTU4HO Ha 95 % 30epiraerbes, a
JIMILE HE3HAYHO BiAIUIMIACH HA TOCTPUX KyTax
3pa3ka skuii OyB 3aHypeHudH B OiTym
Mo (iKOBaHUNA NPUPOIHOIO 106aBKOIO Ha 30%
ta Qpakmiero 10-20. Haiimenme 30eperiach
wiiBka npu Moaudikauii 1o 10% mno6aBku B
yCiX 3pa3Kax.
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Figure 5 — The model representing correlation between
bitumen content and the additive content (as a decimal
fraction), and the area of particle surface for a) washed
and dry b) aggregate (within the range of 7 - 50% of the
additive)

The results of identification of adhesion
between the binding agent and the mineral part
are assessed visually. In the course of the
experiment it was discovered that the film was
virtually 95 % preserved, and only
insignificantly came off on sharp points of a
sample which was dipped into the bitumen
modified by the natural additive at 30%,
fraction 10-20. The worst preservation of the
film occurred in the case of modification at
10% additive proportion, for all the samples.
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Pucynok 6 — KpamparmdHa Monenp 3aJIe)KHOCTI MacH
YTpPOMMAaHOTO OIiTyMy BiJl BMICTY I00aBKH (B IOJSX
OJIMHWIII) Ta JiaMeTpPy YacTOK UL a) CYXOTOo Kam SHOTO
Matepiany; 0) mpomuroro (B miamasoni 0, 10, 20, 30, 40
Ta 50% mobaBku Ha rpadikax 3HHU3Y — 10 BEPXY)

BnposBagxeHHst

Pesynpratu pocnipkeHb Oynu  BIPOBAPKEHHI
MIpU IPUTOTYBaHHI ac(haabTOOETOHHUX CyMillIei
Ha OCHOBI YOPHOT'O IIEOHIO 1751 OyAIBHHUIITBA Ta
IpU  PEMOHTI HEXKOPCTKMX  IMOKPHUTTIB 3
BUKOPDUCTaHHAM  MeTOAy  pecaiikmiary. B
nporeci BUKOHAHHS poOit BUKOHAHO
TEIUIOBI3IHHUI ~ KOHTPOJIb  TeMIIEepaTypHUX
pPeXKHUMIB  IPUTOTYBaHHS  ac(aibTOOETOHHUX
cyMilllell Ta BIAIITYBaHHS ac(albTOOETOHHOTO
nokputts. Pesynbrat KoHTpomo Ha AB3, mpu
TPaHCTIOPTYBaHHI CyMillli Ta B MPOIIECi BUKOHAHHS
po0iT HaBeaeHO HIbKYe Ha puc. 7 - 10.
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Figure 6 — The quadratic model representing correlation
between mass of the retained bitumen and the additive
content (as a decimal fraction), and particles’ diameter
for a) washed and b) dry aggregate (within the range of
0, 10, 20, 30, 40 Tand 50% of the additive, on the graph
from the bottom upwards)

Implementation

The results of the studies were introduced in
the course of preparation of asphalt-concrete
mixes, based on black crushed-stone, for
construction purposes and for repair of flexible
pavements, using recycling method. In the
process of the works we undertook a
thermovision control of temperature range of
asphalt-concrete mixes  preparation and
construction of asphalt-concrete pavement. The
results of the control on asphalt plant, during
transportation of the mix and in the process of
the works are shown on Fig. 7 — 10 below.
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1. Asphalt plant

1. AcdanpToOeTOHHMI 3aBOX

thea 15 L P 1 1940 13%.] Pron 1518 15 L]
[psima P1 - Temmepatypauii mpodinb OCTUTaHHS CyMmimIi B
IpoIieci 3aBaHTAKEHHS CYMIIIi B Ky30B aBTOCAaMOCKHIA B
nekinpka npuiioMiB. Minimym: 1084 °C; Makcumym:
170,1 °C; Cepenue 3nauenns 146,5 °C

Pucynox 7 — 3miHa Temmeparypu achanbToO0eTOHHOT
cyMillli B Ky30Bi aBTOcaMOCKHJa Ha ac(haibTOOETOHHOMY
3aBOJI

B ymoBax BupoOHHITBAa acdarbTOOCTOHHOI
CyMillll Ta BJIALITYBaHHS acQalbTOOETOHHOIO
MOKPUTTSI ISl JIOCSATHEHHS SKOCTI TOKPHUTTS
BaXJIUBO BUTPHUMYBATU periiaMeHTOoBaHi1
TeMIeparypHi pexxumu a came 170 £5 °C.

2. Temmeparypa cymimn B pecaiikiepi micns ii
TPAHCHOPTYBAHHS 110 Miclsl OymiBHHIITBA Ta
BBEJICHHS] YOPHOTO MIE0EHIO

g
rl'lul q o | 1 Wrd 1ILS 154 1%

Minimym: 86,9 °C; Makcumym: 127,9 °C; Cepenne

3gavenss 115,3 °C.
Pucynoxk 8 — Temmeparypa cymimi B 3MimryBadi

pecaiikiiepa BBeJICHHS YOPHOTO HIEOHIO.

3. Temneparypa cymiiiii Ha BUXO/I1 3 pecaiikiepa

40

Right line P1 — temperature profile of the mix cooling
down in the process of its loading into a tipper truck
body in stages. Minimum: 108,4 °C; Maximum: 170,1
°C; Average value 146,5 °C

Figure 7 — Variation of the asphalt-concrete mix
temperature in the tipper tuck’s body on the territory of
the asphalt plant

In the conditions of production of asphalt-
concrete mix and construction of asphalt-
concrete pavement, for the sake of pavement
quality, it is critical to keep to the regulatory
temperature range, namely 170 +5 °C.

2. Temperature of the mix in the recycler, after
its transportation to the construction area and
introduction of black crushed-stone

Minimum: 86,9 °C; Maximum: 127,9 °C; Average value
1153 °C.

Figure 8 — Temperature of the mix in the recycler’s
mixer, introduction of black crushed-stone.

3. Temperature of the mix as it leaves the
recycler
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Minimym: 62,4 °C; Makcumym: 117,3 °C; Cepenne
3HaueHHs 92,5 °C.

IMpsma P1 — posnoxin Ttemmneparypu Ha BHXOAI 3
pecaiikiepa .

Pucynox 9 — Temrieparypa BiJHOBJICHOTO MOKPHUTTS MICIIS
pecaiikiepa

4. TemnepaTypa BiTHOBJICHOTO TOKPHUTTS MIiCIS
pecaiikiepa

A5 R

Minimym: 52,2 °C; Makcumym: 119,4 °C; Cepenne
3HaueHHs 94,8 °C.

Jlinig P1 - TemmepatypHHi IpOQie OCTHTAHHS CYMIII B
MIPOIIEC YKOTYBaHHSI.

Pucynok 10 — YKko4yBaHHS BiJHOBJIECHOI CyMIlIi JJAHKOIO
KOTKIB

3arajibHi BUCHOBKH

Ockinbku  Maibke Bci  goporn  YKpaiHu
moOynoBaHi 3 acasbTOOETOHHUM TOKPUTTSIM,
TO TEXHOJIOTiS Tapsiuoro pecakiiHry, Mae
BEIMKY  IIEpPCNEKTUBY  3aCTOCYBaHHS.  Ii
YIOCKOHAJIEHHS € aKTyaJbHUM Ta BaXKIMBUM
MTUTAHHSIM.

Jlane pocnmipkeHHs OyJo HampaBjeHe came Ha
BU3HAUEHHS ONTHUMAJIbHOTO CKJaay CyMIIIi
YOPHOTO IIEOHIO, M0 3HAYHOIO MIpOI0 MOXeE
BIUTUHYTH Ha €KOHOMIYHY  BUTIIHICTh
3aCTOCYBAaHHS JAaHOI TEXHOJIOTIi , OCKIJIBKU Ja€
MOHATTSA TIPO TE€ SIK 3MIHIOIOTHCS TEXHIUHI
XapaKTepUCTHKH  BUXITHOIO  Marepialy B
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Minimum: 62,4 °C; Maximum: 117,3 °C; Average value
92,5 °C.
Right line P1 — temperature distribution on exit from the
recycler.

Figure 9 — Temperature of the regenerated pavement
behind the recycler

4. The temperature recovery after covering
recyclers

-I | ——

.1 Y] 57 T 1A

.

\

Minimum: 52,2 °C; Maximum: 119,4 °C; Average value
94,8 °C.

Right line P1 — temperature profile of the mix cooling
down in the process of compaction.

Figure 10 — Compaction of the regenerated mix by
means of a row of compactors

General conclusions
Since almost all Ukrainian roads are constituted
of asphalt-concrete pavement, the technology
of hot recycling has a wide range of
possibilities for application. Its improvement is
a topical and an important matter.

This study was designed particularly to identify
an optimal composition of the black crushed-
stone mix, which can assert a significant
influence on the economic benefit from
application of this technology, since it suggests
how the technical characteristics of the original
material vary depending on the content of the
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3aJIeKHOCTI B BIZACOTKY BMICTY 100aBOK
MIPUPOTHOTO OiTyMmy Ta  (QpakmiiHOCTI
3aIoBHIOBAYA.

1. JocmimkenHs OiTyMy Moau(piKOBAHOTO
npupoaHo  no6aBkoro  Selenizza SLN-120
MOKAa3yIOTh W0 TMEHEeTpallis 3MEHIIYEThCS 3a
norapuMIiYHUM 3aKOHOM 1 € MOXIIHUBICTh
OTpUMYBaTH OITyMH OLIBII B'SI3KUX MapoK,
HaNpUKIaL sl oTpuMaHHsa 6itymy mapku BHJ|
60/90 Bmict mobaBku craHoOBUTH A0 10%. Jlus
orpumanHs Oitymy mapku BHJ140/60 motpioHO
Bix 10 mo 23% Bmicty mobasku Selenizza SLN-
120. Temmeparypa po3M'SKIICHHS OiTyMy
MOAU(BIKOBAaHOTO MIPUPOTHOIO 100aBKOKO
Selenizza SLN-120 30inburyerbesi 3a JIHIMHUM
3aKOHOM B 3aJIe)KHOCTI BiJ BIJCOTKY BMICTY
N00aBKH, Ta € MOXKJIIMBICTb OTPUMYBATH OITyMHU
OUIBII CTIHKUX IO TEMIEPATypHUX [OKA3HUKIB.
BepxHst Mexa NMpu MaKCUMAIBHOMY BIJICOTKY
BMicTy 100aBku (50%) nocsrna 3HaueHHs 66°C.
2. OrpuMaHO eKCIIePUMCHTAJIbHI JaHi Ta
MaTeMaTH4YHI —3aJIe)KHOCTI JUISI  PO3PaAXyHKY
yTpUMaHOi Macu OiTyMy Ha IOBEpPXHI YacTOK
meOeHI0 B 3aJIeKHOCTI Bil BMICTY J00aBKHU
npUpogHOro OiTyMy Ta Iwiomi abo aiamerpy
YacTOK JUIsl CYyXOro Ta MPOMHTOTO Kam’ SHOTO
MaTepiaiy pi3HoOro aiamerpy (Big 5 a0 25 mm).
Ili 3amexHOCTI JO3BOJSIOTH  PO3paxyBaTH
TOBIIMHU OITYMHOI IJTIBKM Ta PO3XiJ B’ SKY4OIrO
1 100aBKH JJis 3aJJaHUX YMOB Oy/1IBHUIITBA.

3. ¥V mpoueci npurotyBaHHs ac(aabTOOETOHHOT
CYMIIIIl KOYKHE MIHEpaJIbHE 3€pHO 1Ie0eHI0 0yio
nokpute OITYMHOIO IUTiBKOK. B Xxoni mocmimy
OyJ0 BUSIBJIEHO IO IIEOIHKM MEHIIUX (Qpaxiii
MOKPUBAIOTHCSI OITYMHOIO TIUTIBKOIO IIBHIIIE
HIXK BEJIMKI, ajie TOBIIMHA IUIIBKYA MEHIIIA.

4. 3a pe3ynbTaTaMH TEIUIOBI3IMHOI 3HOMKH
BUJIHO, 1110 TeMIIepaTypa CyMilli Mpu MoAayi Ha
AB3 6mu3pka 10 periiameHToBaHoi, a came 170
+5 °C. Ilpu mepeBe3eHHI A0 Micls YKJIaJaHHS
TeMIlepaTypa CyMillli Mai’Ke He 3MEHIITyBaJlach.

Temneparypa acdanbTOOETOHHOI Cywmimn B
OyHKepi pecaiikiiepa Ta Ha MOYaTKy YIIUIbHEHHS
BIJIMOBiAaJIa PETJIAMEHTY, ajie caMa KOHCTPYKI[iS
acanmpTOoyKiiagaya Mae OyTH YAOCKOHAJEHa,

OCKITBKM ~ TI0  KpasiXx  CTIHOK  OyHKepa
TeMmmeparypa 3MEHLIYETbCA, W10 HEraTUBHO
BIUIMBAE HAa  HAJIHHICTD  PETCHEPOBAHOTO

ITOKPUTTSL.
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natural bitumen additive and the aggregate
fraction.

1. The survey of the bitumen modified by the
natural additive Selenizza SLN-120 shows that
penetration is reduced logarithmically and there
is a possibility to obtain more viscous types of
bitumen, say for obtaining of bitumen BND
60/90 the additive content should be up to 10%.
For bitumen BND 40/60 it takes from 10 to
23% of Selenizza SLN-120 additive content.
The softening point for the bitumen, modified
by the natural additive Selenizza SLN-120, is
linearly increased depending on the content of
the additive; therefore there is a possibility to
obtain more heat-resisting types of bitumen.
The upper limit at the maximum content of the
additive (50%) reaches the value of 66 °C.

2. We have deduced experimental data and
mathematical relations for calculation of the
retained mass of the bitumen on the aggregate
particles surface, depending on the natural
bitumen additive content and the area or
diameter of particles, for dry and washed
aggregate of various diameters (from 5 to 25
mm). These relations enable us to calculate the
bituminous film thicknesses and consumption
of the binding agent and the additive for
specified criteria of construction.

3. In the process of preparation of asphalt-
concrete mix every mineral grain was coated
with bituminous film. In the course of the trial
it was discovered that the smaller fractions of
aggregate get coated with the bituminous film
quicker than the larger fractions, however the
film becomes thinner.

4. The results of the thermovision survey show
that the temperature of the mix, while being fed
on the asphalt plant, is close to the regulatory
one, namely 170 =5 °C. In the course of
transportation to the paving area the
temperature of the mix basically did not fall.
The temperature of the asphalt-concrete mix in
the hopper of the recycler and at the beginning
of compaction was in accordance with the
regulations, however it meant that the asphalt
paver had had to be modified, since on the
sides of the hopper the temperature falls down,
which negatively affects reliability of the
regenerated pavement.

The critical temperature of compaction is the
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Kputnunoro  temmepaTryporo  yKaTkKu €
Temriepatypa moBepxHi +85° C.YkouyBaHHs
cyMmimi mMae OyTu OUIbII iHTEHCHBHHUM, 1 HOTO
MOTPiOHO MOYMHATH BiJIpa3y XK MICIA YKIadaHHs
CyMmilli Ta TpUMaTH AMCTaHLiio B 35-40 M., 3
BI/IMOBITHOIO KUJIBKICTIO MPOXOJIIB MO OJHOMY
CIi Y.
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Penenszentn:

surface temperature of +85° C. Compaction of
the mix should be more intense, it should start
immediately after paving of the mix, keeping
the distance at 35-40 m., ensuring a
corresponding number of passages along each
track.
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