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VJIK 388.1

Lnasm C.1., Tumomyk O.1O.

JOCJIIKEHHS BAPTICHUX ACIIEKTIB BY AIBHULITBA
OEMEHTOBETOHHHUX JOPOKHIX IOKPUTTIB

Anotania. TeHneHuis A0 30UIbIIEHHS IHTEHCUBHOCTI pyXy Ha aBTOMOOIIBHHX JOPOrax 3aralbHOro
KOPHCTYBaHHsS Ta HAaBaHTaKEHHS HAa BICh TPAHCIMOPTHHX 3ac00iB, 3MYyIIy€ HAYKOBIIIB JOPOXKHBOI Traimysi
PO3pOOIATH HAYKOBO-OOTPYHTOBAHI METOAM IS 30€peXeHHs iCHYI0UOi Ta PO3BUTKY HOBOI TPaHCIOPTHOI
Mepexki Ykpainn. OgHUM i3 MOXJIMBMX BapiaHTIB Il BHPIIICHHS TaKuX 3a7ad € OyJiBHHIITBO
ABTOMOOITFHUX JIOPIT 13 KOPCTKUM (IIEMEHTOOSTOHHUM) MOKPUTTAM. AJjie Oynb-fike pillleHHS Mae OyTh
oOTrpyHTOBaHe 3 ypaxyBaHHAM TEXHIYHUX Ta €KOHOMIYHUX CKIAJOBUX. B maHill cTaTi HaBeIeHO pe3ynbTaTH
JOCIIPKEHHSI BapTICHUX acMeKTiB OyIiBHUITBA IEMEHTOOETOHHHUX TOPOKHIX MMOKPHUTTIB.

OO0’ €T AOCIIHKCHHS — KOHCTPYKIIiT JOPOKHBOT'O OJISTY aBTOMOOIIBHOT JIOPOTH Pi3HUX THITIB.

Merta poboTH — BH3HAYEHHS AOIUIBHOCTI OyMiBHHIITBA IEMEHTOOETOHHMX IMOKPUTTIB HUIIXOM TEXHiKO-
€KOHOMIYHOTO TIOPiBHSHHS Pi3HUX BapiaHTIB KOHCTPYKIINA JOPOKHBOTO OJIATY.

MeToau TOCTiIKSHHS — aHANITHYHUH, PO3PaXyHKOBUH, TOPiBHSIILHHA.

KarouoBi cjoBa: aBToMOOiTBHA J0Opora, IOPOXHIM OST, TEXHIKO-eKOHOMIYHE TIIOPiBHAHHS, HOBE
OyAiBHUIITBO, IEMEHTOOETOH.

UDC 388.1
RESEARCH OF COST ASPECTS OF CEMENT PAVEMENTS CONSTRUCTION

Abstract. The tendency to increasing traffic volume on public roads and to increased axle loads of vehicles
makes the road scientists to develop scientifically justified methods for preserving the existing and
developing the new transport network of Ukraine. One of the options for solving such issues is the
construction of roads with rigid (cement concrete) pavement. However, any solution must be justified
considering technical and economic components. This paper presents the results of the research of cost
aspects of cement pavements construction.

The object of study — construction of pavement road different types.

Purpose — determine the feasibility of building cement coating by technical and economic comparison of
different options of pavement structures.

Research methods — analytical, current, comparative.

Keywords: highway, road pavement, feasibility comparison, new construction, cement concrete.

YK 388.1
Naapsam C.U., Tumomyk A.1O.

HCCJIEJOBAHUE CTOUMOCTHBIX ACHEKTBI CTPOUTEJ/IbCTBA
HEMEHTOBETOHHBIX TOPOKHBIX ITOKPBITUH

AHHoTanus. TSHIEHIIUSA K YBEITUYCHUIO HHTCHCUBHOCTH JBM)KCHHSI Ha aBTOMOOWMIIBHBIX JIOpPOTax
OO0IIIeTo MOJIb30BAaHMS U HATPY3KU HA OCh TPAHCIIOPTHBIX CPEJCTB, 3aCTaBISAET YUEHBIX JOPOKHOU
oTpaciu pa3padaThiBaTh HAYYHO-OOOCHOBAHHBIC METOMBI UISI COXPAHEHUS CYIIECTBYIOUICH W
pa3BUTHS HOBOW TPAHCIOPTHOH ceT YKpawHbl. OTHUM U3 BO3MOXKHBIX BAPUAHTOB IS PEIICHUS
TaKuX 3aJla4d SIBJISICTCSI CTPOUTEIHCTBO aBTOMOOWIIBHBIX JIOPOT C JKECTKUM (IIEMEHTOOETOHHBIM)
nokpeiTueM. Ho mroboe perieHne AOMKHO OBITh OOOCHOBAaHO C Y4YETOM TEXHUYECKUX U
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SKOHOMHUYECKUX COCTaBJLSIIOIIMX. B JaHHOW CTarbe MPUBEAEHBI PE3YJbTAaThl HCCIEIOBAHUSA
CTOMMOCTHBIX aCIIEKTOB CTPOUTENHCTBA IIEMEHTOOETOHHBIX TOPOKHBIX MOKPBHITUH.
OOBeKT ucCleOBaHMs — KOHCTPYKIIMH JOPOXKHOU OJICXKIbI aBTOMOOMIBHONW JOPOTH Pa3IHMuHbIX

THUIIOB.

Lenp pa®oThl — ompeAeneHue LEeNeco00pa3HOCTH CTPOUTENIHCTBA IIEMEHTOOCTOHHBIX MOKPHITHIA
MyTeM TEXHUKO-9KOHOMUYECKOTO CpPaBHEHUS Pa3MYHBIX BAPUAHTOB KOHCTPYKUHUN JOPOKHOU

OJCXKbI.

Merto/ibl uCCIEOBaHUS — AHATUTUYECKUH, PACYUETHBIN, CPABHUTEIIbHBIM.
KiroueBble ciioBa: aBTOMOOWIBHAS JOpOra, JOPOKHAS OJEKIA, TEXHUKO-IKOHOMHUYECKOE

CpaBHCHHE, HOBOC CTPOUTEIIBCTBO, HeMeHTO6eTOH..

Beryn

JluHamiuHe 3pOCTaHHS I1HTEHCHUBHOCTI pyXy Ha
aBTOMOOUTBHHX JIOPOTax 3arajJbHOr0 KOPUCTYBAHHS
Ta HABAaHTA)XCHHS Ha BICh TPAHCHOPTHUX 3aco0iB,
0  CIOCTEpiraeTbcss B YKpaiHi  MPOTITOM
OCTaHHBOTO JIECATUIITTS, BUMarae Oe3nmepepBHOTIO
PO3BHUTKY JIOPOKHBOI ~ Mepexi, BIOCKOHAJICHHS
KOHCTPYKLINA JOpPOXKHIX ofsriB. HeBiamoBigHiCTh
CTaHy aBTOMOOUTBHUX Jopir BHMOTaM
TPaHCIIOPTHOTO TOTOKY 3HUKYE IIBUIKICTH PYXY,
301IbIITy€e 3HOUTYBAHHS aBTOMOOLTIB 1 BUTpAaTH Ha iX
PEMOHT, TIiJIBUILYE BUTPATH MAJIUBa, CIPUYHHSE
3HIDKEHHSI PIBHS OC3MEKH pyxXy Ta 3POCTAHHIO
KUTBKOCTI JOPOKHbO-TPAHCHOPTHUX MPUTOI.

OcHoBHa yacTHHA
CydacHi KOHCTPYKLIi aBTOMOOLIBHUX JOpIr 1

TeXHOJIOTIi 11X OyAIBHMLITBA 3acCHOBaHI Ha JBOX
AbTEPHATHBHUX, KOHKYPYIOUUX THIAX JOPOKHBOTO

MTOKPUTTS - ac(anbTOOEeTOHHUM i
LEMEHTOOETOHHHM.

3HauHe 3MEHILEHHS TEpMiHiB CITyKOH
acpaibTOOCTOHHUX TOKPHUTTIB, $SKE€ BHUKJIMKaHE

JUHAMIYHUM 3pOCTaHHSM IHTEHCHBHOCTI PyXy Ha
OCHOBHHUX MariCTpajJlbHUX aBTOMOOUIBHUX JIOpOrax

CIOPUYUHSE TIOCTIHHUN  TIONIYK  allbTePHATHUBH
OyIIBHHIITBA aBTOMOOLIIFHUX Jopir 3
achanbTOOCTOHHUMHU  MOKpUTTsMH. OpHuM 13

aIbTEPHATUBHUX BapiaHTIB Ui BUPIMICHHS TaKuX
3ama4 € OyIIBHUIITBO aBTOMOOLIBHHX JOpIr 13
KOPCTKUM (1IEeMEHTOOETOHHUM ) MTOKPUTTSM.

3 METOK BHU3HAYEHHS JOLUIBHOCTI BUKOPUCTAHHS
OKpPEMOTr0 THITY IOPOKHBOTO OJATY IpU OYAiBHHUIITBI
aBTOMOOIUIBHOI JTOpOTH OYyJ0 BHUKOHAHO TEXHIKO-
CeKOHOMIUHE  TOpPIBHAHHSA  PI3HUX  BapiaHTIB
KOHCTPYKITIH.
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Introduction

The dynamic growth of traffic volume
on public roads and increased axle loads
of vehicles that has been observed in
Ukraine over the past decade requires
continuous development of the road
network and upgrading the road
pavement designs. Unavailability of
highways to traffic flow demands results
in speed reduction, increased wear of
motor vehicles and growth of repair
costs, causes increased fuel consumption
and reduced traffic safety level, as well
as an increased number of traffic
accidents.

Main part

Modern road design and construction
technologies are based on two
alternative competing pavement types -
asphalt and cement pavements.

Significant reduction in service life of
asphalt pavements which is caused by
the dynamic growth of traffic volume on
major trunk roads stimulates a constant
search for an alternative to the
construction of highways with asphalt
pavement. One of the alternatives to
solve such issue is the construction of
roads with rigid (cement concrete)
pavement.

In order to determine the feasibility of
using a particular type of pavement for
the construction of the highway a
feasibility comparison study of different
design options was fulfilled.
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Pospaxynox koncmpykuyiti 0opoxcHix 00s12i6

JlopokH1 OIIiTM HE 3aJeKHO BiJ THIY HEOOX1THO
pO3paxoByBaTU 3 ypaxyBaHHSIM CKIIaay
TPAHCIIOPTHOTO MOTOKY, MePCIEKTUBHOT
IHTEHCUBHOCTI PyXYy JI0 KiHIIS CTPOKY CIIY>KOH OZSTY,

IPYHTOBUX,  TIAPOr€OJ]OriYHUX 1  HPUPOAHO-
KJIIIMaTHYHUX YMOB.
JlopoxxHil osr HEXOPCTKOr0 TUILY

(acdanpTO0ETOH) KOHCTPYIOIOTH 3 YypaxyBaHHSIM
HAAIHHOCTI KOHCTPYKIIiT TOPOKHBOTO OJIATY.

KoncTpyroBanHsl Ta po3paxyHOK JOPOKHBOIO OJATY
HEXOPCTKOr0 TUIy BUKOHaHMi 3rigqHo 3 BBH B.2.3-
218-186 [1].

[TpoekTyBaHHS JOPOKHBOTO OJSTY KOPCTKOTO THITY
(memenTobOeToH) BUKOHaHe 3rijHO 3 BBH B.2.3-218-
008 [2]. B po3paxyHKOBiii YaCTHHI BHU3HAYAETHCS
pO3paxyHKOBE 1 HOpPMATHBHE  HaBaHTaXCHHS,
pPO3MIpH OCHOBHUX KOHCTPYKTUBHUX €JIEMEHTIB
(TOBIIMHA 1 TOBXKWHA IUIUT, TOBIIMHA IIAPIB OCHOBH,
apMyBaHHS IUTMT 1 WIApiB, BiJICTaHb MDK IIBAMHU

pPO3MIUPEHHS) I8 PI3HUX  BHJIB  TOKPHTTS,
Kareropii  jmopir, Uil  OyIb-SKHX  BEJIMYUH
TPAaHCIIOPTHOTO  HABAaHTAXKEHHS, IPYHTOBUX 1

MIPUPOJAHO-KIIMAaTUUYHUX YMOB.

Memoodonozis ouinku _nopisHAHHA KOHCMPYKYIl
00POIACHIX 0051218

BusHaueHHs  e(eKTHMBHOCTI  pI3HHMX  BapiaHTIB
KOHCTPYKIINA JOPOXKHIX OJATIB 3AIHCHEHE MUISIXOM
MOPIBHSIHHSL TPYAOBUX Ta MaTepiaJbHO-TEXHIYHUX
BUTpaT, $KI MalTh MiClle MPOTATOM BCHOTO
NopiBHSIIBHOTO CTPOKY (7).

Po3rnsiHyTi BapiaHTH KOHCTPYKIIIM TOPOXKHIX OJSTIB
PO3pI3HAIOTE MK COO0OI0 3a THUIIAMH KOHCTPYKLIH,
YTPUMaHHS MPOTAroM cTpoky 7 (BpaxoBaHi BiIMiHHI
0COOJIMBOCTI eKCILTyaTalifHOro yTpUMaHHS
JTOPOXKHIX OJSITIB  KOPCTKOTO Ta HEXOPCTKOTO
THUIIIB).

Oninky e(peKTUBHOCTI BIAIITYBAaHHS 1 €KCIUTyaTaiii
KOHCTPYKIIA  JOPOKHIX ONATIB BHKOHAHO B
pO3paxyHKy Ha | TOT. KM 3 mapaMeTpamMH i yMOBaMH
(GyHKIIIOHYBaHHSI aBTOMOOUTHHOI TOPOTH BU3HAYEHOL
KaTeropii.

B sxocri
e(eKTUBHOCTI

KPUTEPII0  OI[IHKH
BIAIITYBaHHSI 1

MOPIBHSIBLHOT
eKCIUTyaTaril
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Calculation of pavement design
Regardless of the type, road pavement is
to Dbe calculated considering the
composition of traffic flow, predicted
traffic volume by the end of its service
life, as well as geological and climatic
conditions.

Non-rigid type of pavement (asphalt
concrete) is designed considering the
reliability of pavement structure.

Design and calculation of non-rigid
pavement type is fulfilled in accordance
with the Departmental Construction
Norms VBN V.2.3-218-186 [1].

Design of rigid pavement type (cement
concrete) is fulfilled in accordance with
VBN V.2.3-218-008 [2]. The calculation
includes the definition of design and
standard loads, the size of basic
structural elements (thickness and length
of slabs, thickness of foundation layers,
reinforcement plates and layers, distance
between expansion joints) for different
types of pavement, road categories, for
any traffic loads, soil and climatic
conditions.

Methodology of pavement
comparing assessment
Defining the effectiveness of different
pavement design options is carried out
by comparing labor and material costs
incurred throughout the comparative
period (T).

designs

Pavement  design  options  under
consideration are distinguished by the
design type and by their operating
maintenance methods during the period
T (the distinctive features of operating
maintenance of rigid and non-rigid
pavement types are taken into account).
Evaluation of the effectiveness of
placement and operation of road
pavement designs is fulfilled per 1
running. km basing on the parameters
and operation conditions of a certain
road category.

As a criterion for assessing the
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JOPOKHIX ~OJATIB PI3HUX THIIIB
MiHIMQJIbHE 3HAYEHHS ITOKa3HUKA
BUTPAT B;,., IKAN BKIIIOYAE:

- BapTICTh HOBOT'O OYIBHHUIITBA IOPOKHBOTO OJISTY;
- BUTpPAaTH Ha KamiTaJbHUHA Ta TOTOYHI PEMOHTHU
JOPOKHBOTO OJIATY;
- BUTpaTH Ha
JOPOKHBOTO OJIATY;
Po3paxyHOK i-My poIli, MOYMHAIOYM 3 HACTYITHOTO
POKYy  Ticias  TOYaTKy HOBOTO  OyJiBHHUIITBA
JIOPOXKHBOTO OJIATY, 3IIMCHEHUH 3 ypaxyBaHHIM
0e3pU3UKOBOI HOPMH AWCKOHTY E (y BIIHOCHHX
OJIMHUIISX BUMIPY).

BUKOPHCTaHE
IHTerpaIbHUX

eKCIUTyaTalliifHe  yTpUMaHHA

Jlis TOpiBHSHHS BUTpPaT Ha HOBE OYIBHUIITBO,
PEMOHTH 1 eKCIuTyaTaliiiHe yTpuMaHHS KOHCTPYKITiH
JOPOKHIX ~OJSTIB  PI3HOTO THUNY BUKOPUCTAHO

HACTyIHYy Gopmymy:

B,.=B,, + B, x(1+E) +Y Bux@+E))xn+d B, x@+ E))xm +
i=1 i=1

+> Bl x(1+E)'

Bso — BapTicTh
JOPOKHBOTO OJATY;
Bky — BUTpaTH Ha KamiTaabHUN PEMOHT JOPOKHBOIO
OJIATY;

Bje — BuUTpatm Ha TOTOYHI
JOPOKHBOTO OJATY;

N — KUIBKICTh IMOTOYHUX CEpPEIHIX PEMOHTIB, SKI
BUKOHYIOTBCS Ha IPOTSI31 MOPIBHSIILHOTO CTPOKY T;
Brio ¢y — BUTpaTH Ha MOTOYHMN IPIOHMN PEMOHT Ta
eKCIUTyaTalliiiHe yTpUMaHHs J0POKHBOTO OJIATY;

B/, — BTpaTu KOpUCTyBadiB JOpIr NpH BUKOHAHHI

HOBOTrO OymiBHUIITBA | KM

CepeiHl PEMOHTH

PEMOHTHUX pPOOIT.

M — KUIBKICTh POKIB €KCIUTyaTallifHOTO yTPUMAaHHS
JIOPOKHBOTO ~ OJISITY aBTOMOOUIBHOI  JIOpOTH 32
0o0paHuM BapiaHTOM BHKOHAHHS pOOiT;

E — 0Oe3pusukoBa HOpMa JMCKOHTY Yy BIJTHOCHHX
OJIMHUIIAX BUMIpPY;

(1+E) — xoedilleHT TUCKOHTYBAHHS BUTpAT.

3 ypaxyBaHHSIM BUX1JTHOT IHTEeHCUBHOCTI
JTOPOKHBOTO PYXy PpO3paxoBaHl albTepHATHBHI
BapiaHTH  KOHCTPYKII  JOPOXHIX  OJATiB 3

HEXOPCTKOTO Ta KOPCTKOTO THUITY.
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comparative effectiveness of placement
and operation of various road pavement
types the minimum value of integrated
COSts Bgen is used which includes:

- The cost of new construction of road
pavement;

- Costs for capital and current repairs of
road pavement;

- Costs for operational maintenance of
road pavement;

Calculation of reduced costs in the i-th
year starting with the next year
following the beginning of the new
pavement construction is carried out
considering the risk-free discount rate E
(in relative units).

For comparison of the costs for the new
construction, repair and operational
maintenance of pavement designs of
various types the following formula is
used:

. o _
By = Bans + By x @+ E)' + . B x@+ E))xn 4" [Bug.op x @+ E) )xm +
& =

+ z By x(L+ E)"

Beons — the cost of new construction of 1
km of pavement;

Bwj — the costs for major repairs of
pavement;

Bmig — the costs for current mid-life
repairs of pavement;

n - the number of current mid-life
repairs performed during the
comparative period T;

Bwmid+op — the costs for current mid-life
repairs and operating maintenance of
pavement;

B,..— the losses of road users when

User
performing repair works.

m — the number of years of operating
maintenance of pavement of the
highway when using the selected option
of works fulfillment;

E — the risk-free discount rate in relative
units;

(1 + E) — the discount rate costs.

Considering the initial traffic volume,
the alternative options of non-rigid and
rigid pavements design types were
calculated.
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Taoaunsa 1 — Buxigai naxi

Tun x  HCTPYKITii

Ne BuxizHi xani JOPOKHBOTO OJIATY
n/m HEXXOPCT-| JKOPCT-
Kui Kui
1 | louarox  BukoHauus | 2014 2014
pooiT, pik
2 | Kareropist noporu I II
ITouatkoBa 5000 5000

IHT€H HWBHICTh
JIOPOXKHBOTO PYyXy Ha
JUISHI, aBT./go0y

4 | J1opoxHbBO- V-1 V-1
JIIMaTHYHA 30HA

5 | MiXpeMOHTHI CTPOKH
Juist jopord (pi ):

- moToyH i ce emmiit | 6 (17) 9(18)

PEMOHT Tics

OyniBHMLTBa (Apyruit

MOTOYHUIH)

- KaliTaJbHUH PEMOHT 12 21
6 | II wmpicr 4 4

IHTEHCHBHOCTI

JIOp KHBOTO PyXy, %

7 | Hopma auckonty, % 5 5

KoHcTpyKIlist TOPOKHBOTO OJIATY HEKOPCTKOTO THITY
npuiiHATa 3 ypaxyBaHHsaM Bumor BBH B.2.3-218-
186 [1] Ta ckmagaeThes 3 HACTYMHUX MmapiB (puc. 1).

KoHcTpyKllis JOPOXKHBOTO OASTY KOPCTKOIO THILY
MpUKAHATA 3 ypaxyBaHHIM BUMOT
BBH B.2.3-218-008 [2] Ta cki1agaeThcs 3 HACTYITHUX
mapis (puc .2).

Butparu Ha ciopykeHHs Ta yTpUMaHHS 3€MJISTHOTO
MOJIOTHA,  BIIAINITYBaHHS  OONAIITYBaHHA  Ta
€JIEMEHTIB OOCTAaHOBKM IpPH TPOBEJEHHI TEXHIKO-
€KOHOMIYHOTO TOPIBHSHHSAM HE BPaXOBYBAJUCH,
OCKUTBKM BOHM OyqyTh OJHAKOBUMM JUII 000X
BapiaHTiB.
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Table 1 — Initial data

Road pavement

No Initial data design type
Non- | pigid
rigid 9

1 | Beginning of | 2014 2014
works fulfillment,

year
2 | Road category 11 11
3 | Initial traffic | 5000 5000
volume on the
section,
vehicles/day
4 | Road-climatic zone | Y-II y-1I

5 | Interrepair time for
roads (year):
- current mid-life | 6 (17) 9 (18)

repair after

construction

(second current

repair)

- capital repair 12 21
6 | Growth of traffic 4 4

volume, %
7 | Discount rate, % 5 5

Non-rigid pavement design type is
adopted on the basis of the requirements
of VBN V.2.3-218-186 [1] and consists
of the following layers (fig. 1).

Rigid pavement design type is adopted
on the basis of the requirements of VBN
V.2.3-218-008 [2] and consists of the
following layers (fig. 2).

The costs for the construction and
maintenance of subgrade, placing and
arrangement of road equipment elements
during the feasibility comparison study
were not taken into account because
they are the same for both options.
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Sand —30 cm
Ilicox —30cm :
Optimal sand and gravel mix — 24 cm
OnTHMaTbHA MiMTaHO-TpaBiiiHa cyMim — 24 oM ;
‘ Geotextile
TeoTexeTns Monolith cement concrete  — 26 cm

MomnoaiTHH HeMEHTO0STOH —26 M

Pucynok 1 — KOHCTpyKIisS JOPOXHBOIO OJIATY Figure 1 - Non-rigid pavement design
HEKOPCTKOTO THITY type

IT{eGenepo-mimana cymim C-5 — 20 cM (RN
z Stone-sand mix C-5 —20 em

I{ebeneBo-nimana cymim C-7 ykp. nemerToM M40 — 15 eM N N \ N
Stone-sand mix C-7 stabilized with cement M40 — 15 cm

AcaTsT06eTOH KPYIIHO3EPHHCTHI TOPHCTHIH — 8 oM

Asphalt concrete coarse porous - 8cm
Acdansroberon apiGHOHO3EPHECTHIL, THII A —8cMm R RO T o FINE FRo A N
I1le6enepo-MacTHKOBHIH achaIsTo0e TOH —Sem
SMA —5cm
Pucynok 2 — KoHCTpyKIisi JOpPOKHBOTO OISTY

JKOpCTKOTO THITY Figure 2 - Rigid pavement design type
Process sequence of works performance,
the associated machines and
mechanisms were adopted to meet the
requirements of existing standards and
regulations [3] and flow charts.

TexHonoriuHa MOCHIJOBHICTh BUKOHAHHS POOIT
NpUHHATA 3 ypaxyBaHHSM BHMOT YMHHHUX HOPM Ta
npaBui [3] i TEXHONOTIYHHUX KapT.

HOTOYHUN PEMOHTU KOHCTPYKIIIT IOPOXKHBOTO OJIATY current repairs of pavement design
Heoicopcmkuii mun KoHcmpykyii 00podtCHb020 0052y Non-rigid pavement design type
Bimmosimwo no rtabn. 2 BBH T.1-218-050 [4]  According to Table 2 VBN G.1-218-050
Neplyi - Mmicas  HOBOro OyiBHUITBA  MOTOYHMI [4], the first current mid-life repair after
CepeHiii PEMOHT BUKOHYEThCS Hepes 6 pOKiB the new construction is carried out after
eKCILTyaTalii aBTOMOOUIBHOI JOPOTH. 6 years of the highway operation.

KanitanbHuil pPEMOHT KOHCTPYKIIi JOPOKHBOTO According to Table 1 VBN G.1-218-050
omary BiamosiaHo ao Tabmuui | BBH I.1-218-050 [4], capital repair of pavement design is

[4] Buxomyerbcs uepe3 12 pokiB ekcruryararfii performed after 12 years of the highway

aBTOMOOLIBHOT A0pOoru. operation.
Hactynnuit ~ notounnit  cepennii  PEMOHT  The next current mid-life repair is
BUKOHYETBCS UYCPE3 5 POKIB CKCILIyaTallll II1CJIA performed after 5 years Of Operatlon

74



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

KaImiTaapHOTO PEMOHTY BiAMOBiMHO a0 Tadn. 2 BBH
I.1-218-050 [4] - 17 pik ekcmiyaTamii
aBTOMOOUIBHOI JOPOTH.

Kopcemkutl mun KOHCMPYKYii 00POHCHLO20 0052y
TexHosoriyHa TMOCITOBHICT, BHUKOHAHHS PoOOIT

npUMaEThCs 3 ypaxyBanHsM Bumor MP B.3.2-218-
03449261-674 [5].

Bignosigno g0 Tab6n. 2 BBH TI'.1-218-050 [4]
NepUIMiA  MICIs HOBOro OYAIBHHUIITBA MOTOYHHM
CepelHiii pEeMOHT BHKOHYETbCS Ha 9  pik
eKCIUTyaTallii aBTOMOO1IbHOT TOPOTH.

Hacrynnuit IIOTOYHUI cepenHin PEMOHT
BUKOHYETbCA 4epe3 7 POKIB BIAMOBIIHO 10 Tabm. 2
BBH T1.1-218-050 [4] micis 1-ro mHOTOYHOTrO

CepeqHbOr0 pEeMOHTy — 16 pik ekcruryaramii
aBTOMOOUITBHOT TOPOTH.

KanitanpHuii  peMOHT JTOPOXKHBOTO ONIATY HE
BPaxOBYETHCS, OCKUIBKH TIOPIBHSUIIBHHHA  CTPOK

cTaHOBUTH 20 POKIB.

Ha ocHOBI BUXIOTHMX JaHHX, BU3HAYAIOTHCS 3BEICHI
BUTpaTH Ha  OyAiBHUITBO 1  3a0e3meueHHS
(GyHKIIOHYBaHHS ~ PI3HMX  TUMIB  KOHCTPYKIIi
JOPOKHBOTO  OJAATY  aBTOMOOIUIBHOI  JOpPOTH.
[TopiBHAHHS BHUTpaT Ha HOBE OYIIBHHUIITBO 1
yTpuMaHHS 1 KM KOHCTPYKIIH JOPOKHBOTO OJASATY

JKOPCTKOI'o Ta HEKOPCTKOr'o THUITY HAaBCACHO Ha PHUC.
3.

20000 — BapricTs, 18229
THC.I'PH P —_
15000 + - am =
/e
10000 £ 9325 L o T T eeet
9188
5000 1 12580
o—r/———r"r"r—"T"T"T"T"T"TT"T7

1234567 8 91011121314151617181920
= = HeXopCTKU THIT Pix

Pucynoxk 3 — [IlopiBHAHHS BHTpaT Ha HOBE
OyIiBHULTBO 1 yTpUMaHHA 1 KM KOHCTPYKIIIH
TOPOKHBOTO OJIATY JKOPCTKOTO Ta HEXOPCTKOTO
TUILY

Il «depxmopHAI» 3 II kBapramy 2012 poky
MPOBOJUTH MOHITOPUHT 3MIH I[lH Ha OCHOBHI
JIOPOKHBO-OyiBeNbHI Marepianu. JlmHaMika 3MiHU
miH Ha acdaabToOETOHHY Ta OCETOHHY CyMIiIl,
npotsirom 2012 - III kBaprany 2016 pokiB HaBeaEeHO
Ha pucyHKax 4 1a 5.
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after capital repair, according to Table 2
VBN G.1-218-050 [4], that is the 17"
year of the highway operation.

Rigid pavement design type

Process sequence of works performance is
adopted to meet the requirements of the
Guidelines MR V.3.2-218-03449261-674
[5].

According to Table 2 VBN G.1-218-050
[4], the first current mid-life repair after the
new building is to be performed during the
9™ year of the highway operation.

The next current mid-life repair is to be
performed in 7 years, according to Table
2 VBN G.1-218-050 [4] after the first
current mid-life repair- that is the 16"
year of the highway operation.

Major repair of pavement is not taken
into account, as a comparative term is 20
years.

Based on the initial data, consolidated
construction costs for the construction
and functioning of different road
pavement design types are defined.
Comparison of new construction and
maintenance costs of 1 km of pavement
of rigid and non-rigid design types
shown in Figure 3.

Cost, th.
20000 T UAH 15229
15000 1 ;- - N
10000 L 9325 .. reomorm dociieneen .
o188 12580
5000 +
0 T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19
Year

= «= Non-rigid type

Figure 3 — Comparison of new
construction and maintenance costs of 1
km of pavement of rigid and non-rigid
design types

Starting with the second quarter of 2012,
DerzhdorNDI SE monitors changes in
prices of basic road construction
materials. Dynamics of price of asphalt
and concrete mixes during the period
from 2012 through the third quarter of
2016 are shown in Figures 4 and 5.
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Pucynoxk 4 — JlunHamika 3MIHM IIHH Ha

acambTOOETOHHY CyMiIll
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Pucynok 5 — J[uHaMika 3MiHU ILiHU Ha OETOHHY
CyMIiII

JUyis OpIBHSIHHS BIUIMBY LIIHU Ha KIHIIEB1 BUTPATH 3
Oy/miBHULITBA 1 YTPUMAaHHS KOHCTPYKIIIH
JIOPOKHBOTO OJISITY, 3MOJIETHOBAHO 2 CIIEHapii, 110
HaBeJIeH1 Ha pUCYHKax 6 Ta 7.

20000 T+ :
Bapricts,
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Pucynok 6 — Burpatu nHa OyaiBHHLITBO Ta
yTpuMaHHs 1 KM pI3HUX THIIB KOHCTPYKIIH
JOPOKHBOTO  OJATY  (BapTiCTh  acdanrbToOETOHHOT
cyMili 3HHKeHo Ha 35 %)
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Figure 4 — Dynamics of prices of
asphalt mix
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Figure 5 — Dynamics of prices of
concrete mix

To compare the effects of the material
component price on the final cost of
construction and  maintenance  of
pavement designs, 2 scenarios have been
modeled that are shown in Fig.s 6 and 7.

20000 + Cost, th. 16605
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Figure 6 — Cost of construction and
maintenance of 1 km of various
pavement design types (cost of asphalt
mix is reduced by 35%)
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Pucynoxk 7 — Burpatu Ha OyIiBHUITBO Ta
yTpuMaHH 1 KM PI3HMX THIIB KOHCTPYKIIIH
TOPOXKHBOTO OAATY (BapTicTh OETOHHOI CcyMmirmi
30inbiieno Ha 30 %)

I'padik Ha pUCYHKY 3 TIOKa3ye, 10 3 ypaxyBaHHIM
yCepeqHCHNX IIiH Ha Matepiamu crtanoM Ha III
kBaptan 2016 poKy EKOHOMIYHO BUTIJHIIINM €
Oy/IiBHULITBO LIEMEHTOOETOHHUX HOKPUTTIB,
OCKIIBKM €KOHOMiSi Ha KiHellb pPO3PaxXyHKOBOTO
nepioy CTaHOBHTH 45 %.

[Ipu 3HMXKeHI BapTOCTi acdanbToOETOHHOI CyMimni
Ha 35 % (pumc.6) curyamis pi3KO 3MIHIOETHCS.
EdextuBHicTh OymiBHUIITBA 1 eKCIUTyaTalil
[IEMEHTOOETOHHUX TMOKPUTTIB MOYMHAETHCS JIUIIE 3
12-ro poky. Ane Ha KiHellb pO3paxyHKOBOT'O Mepioay
BCEPIBHO €KOHOMISI CTAHOBUTH 011u3bK0 30 %.

[Tpu 361nb1IeH] BapTOCTI 6eToHHOI cymimi Ha 30 %
TaKOX Ja€ TIEPEeBHILIEHHS BapTOCTI OYIIBHHUIITBA
LIEMEHTOOETOHHUX TOKPUTIB y TMOPIBHSIHHI 3
acanbTOo0eTOHHUMHU (puC. 7). Aje B KIHIIEBOMY
BUIAJIKy BCEPIBHO € €KOHOMIS 32 PaXyHOK MEHIIHUX
BUTpAT Ha PEMOHTH Ta yTPUMaHHS
LIEMEHTOOETOHHUX MMOKPHTIB.

BucHoBku

TakuM 4MHOM, Ha OCHOBI MPOBEJCHOIO aHANI3y Ta 3
ypaxyBaHHSIM OTPUMAaHUX Pe3yJbTATiB PO3PAXYHKY,
MO>KHa 3pOOUTH HACTYIHI BUCHOBKHU:

1. Bapricte  OynmiBHHLITBAa  OYyAb-SIKOTO  THUIY
KOHCTPYKIIIi TOPO’KHBOTO OJIATY € HAATO 3aIEKHUM
BiJl BapTocTi OyiBeNbHUX MaTepiajiB Ta YacTKU
BUKOPHUCTaHHS MICIIEBHX MaTepiajiB.

2. B nmosroctpokogiii nepcnektuBi (10 - 20 pokiB)
JOUUTBHIIAM € OYyIIBHUITBO 1I€MEHTOOETOHHUX
mokputTiB. [lpm  1mbOMY  TakoX  HEOOXiTHO
BpaxoBYBaTH, IO [[EMEHTOOCTOHHI MOKPHUTTS 3/1aTHI
crpuiimMaTu OB HaBaHTAKCHHSI, HIX
acambTOOETOHHI, IO Ja€ J0AATKOBY COLiaJIbHO-
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Figure 7 - Cost of construction and
maintenance of 1 km of various
pavement design types (cost of concrete
mix is increased by 30%)

Graph in the Figure shows that
considering the average prices of
materials as of the third quarter 2016,
the construction of cement pavements is
economically sounder because savings
at the end of the calculation period will
make 45%.

With the reduced cost of asphalt mix by
35% (Figure 6), the situation changed
dramatically. The efficiency of the
construction and operation of cement
pavements starts with the 12" year only.
But at the end of the calculation period
savings will make about 30%.

Increased cost of concrete mix by 30%
results also in the growth of cement
pavements construction costs compared
to asphalt ones (Fig. 7). But ultimately,
there is saving due to lower repair and
maintenance costs of cement pavements.

Conclusions

Thus, the following conclusions can be
drawn on the basis of the conducted
analysis and the results of calculation:

1. The construction cost of any type of
pavement design is too dependent on the
cost of construction materials and the
share of local materials used.

2. In the long term (10 - 20 years) the
construction of cement pavements is
more expedient. It should also be taken
into  consideration  that  cement
pavements can bear heavier loads than
asphalt pavements which provides
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EKOHOMIUHY €()EeKTUBHICTb.

3. BpaxoByroun, 1m0 BapTicTh OiTymMy OuIbII
IpUB’s3aHA JI0 KypCy 1HO3eMHHUX BaIIOT, TO B TaKUX
yMOBax HaWOLIbII ONTUMAJIBHUM PIIMICHHSAM €
3aCTOCYBaHHS [IEMEHTY.

4. B KO)XHOMY KOHKPETHOMY BHITQJIKy MpU BUOOPI
TUIy KOHCTPYKILIi JOPOXHBOTO OJSTy HEOOXiIHO
MPOBOJIUTH  TMEPEIIPOCKTHE TEXHIKO-CKOHOMIYHE
MOPIBHSHHS, SIKE 1 JaCTh 3MOTY MPAaBHIBHO OLIIHUTH
e(deKTUBHICTh 3aCTOCYBaHHS TOrO Y IHILIOTO
KOHCTPYKTUBY

Jlireparypa

1. BBH B.2.3-218-186-2004 Criopyau TpaHCIIOPTY.
JIOpOKH1H OJIAT HEKOPCTKOTO THUITY.

2. BBH B.2.3-218-008-97 Cnopymu TpaHCIOPTY.
[IpoektyBanHs Ta OYIIBHUUTBO JOPCTKHUX Ta 3
KOPCTKUMH TPOIIAPKAMHU JTOPOKHIX OJIATIB.

3. JABbH B.2.3-4:2015 Coopyau TpaHCIOPTY.
Atomo0OinpHI moporu. Yactuna 1. IIpoektyBaHHS.
Yacruna II. ByniBHUITBO.

4. BBH TI'.1-218-050-2001 MiXpeMOHTHI CTpPOKH
eKCIUTyaTallii JOpOXXKHIX OJSTiB Ta TOKPUTTIB Ha
aBTOMOOUIBHUX JI0pOrax 3arajlbHOro KOPUCTYBAHHS.
5. MP B.3.2-218-03449261-674:2007 MertoanuHi
peKoMeHpalii 3  PEeMOHTYy  I[eMEHTOOCTOHHHX

MOKPHUTTIB aBTOMOOITBHUX JOPIT.

Penenzentn:

additional  social and  economic
efficiency.

3. Taking into account the fact that the
price of bitumen is more tied to the
exchange rate, the use of cement is the
best solution.

4. In each specific case, when choosing
the type of pavement design, the pre-
design feasibility and comparison study
should be fulfilled which will allow
proper assessment of the efficiency of
the opted pavement design type use.
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