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

[Ty6mikarist € pe3yabTaToM peaji3alii MpoeKTy:

Co-funded b‘y" the TEMPUS CERES: LleHTpH nepeioBoro 10CBify st MOJIOAUX BYEHUX L.
TEI'I'IDL.IS Prug ramme This publication is the result of the project implementation:

\ TEMPUS CERES: Centers of Excellence for young RESearchers. + y T O
of the European Union  geg no 544137-TEMPUS-1-2013-1-SK-TEMPUS-JPHES CERES

YK 625.7/.8
Caasinceka O.C., 1-p Texu.Hayk, CTbo:xkka B.B., kaHn. TexH.Hayk.

ONTUMIBALIA IH)KEHEPHUX PIIIEHDb HA IMTPAUKJIAZI TOPIBHAHHSI
BAPIAHTIB KOHCTPYKUIN APEHAKIB MIVIKOI'O 3AKJIAJJEHHA

AHoTanis. 3 METOI0 ONTUMI3alii MPUHHATTA 1HKEHEPHUX PIilIeHb MPH MPOSKTYBaHHI aBTOMOOIIBHHUX JIOPIT,
BH3HAYEHO EKOHOMIYHY e(EeKTHBHICTh BIAINTYBaHHA MOPOXHIX KOHCTPYKIHM i3 IpPEHaXHUMH IIapamMu
MIJIKOTO 3aKJIQJCHHS, PO3PaxOBaHMMHU 13 3aCTOCYBaHHSM pI3HUX METOHIB, — TPaIWIiHHOTO Ta
yIockoHanieHoro. [IpoaHanizoBaHo JaHi HATYpHHUX CHOCTEPEKEHb 3a JMOCTIIHUMHU IUISTHKAMH; PO3TIISTHYTO
BapiaHTH BIAIITYBaHHA JPEHYIOYOTO IIapy 31 3MIHHOIO TOBIIMHOK 1O MIMPHHI TOMEPEYHOTrO Mepepily
KOHCTPYKIi1; BIUIMB 3MiHM TOBIIMHHU JPEHYIOYOro IIapy Ha 3arajJbHUA MOIYNb MPYXKHOCTI TOPOKHBOTO
OJIATY.

Kuaio4oBi ciioBa: mopoxHiN oAT, IpEeHAK MIJTKOTO 3aKJIaeHHs, eKOHOMIYHa e(DeKTHBHICTh, MIXKPEMOHTHUI
CTPOK, MOJYJIb TIPY>KHOCTI.
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ONTUMUBALMA HH)KEHEPHBIX PEIIEHUI HA IIPUMEPE CPABHEHUSI BAPUAHTOB
KOHCTPYKIUH JIPEHAKA MEJIKOI'O 3AJIOKEHUS

AnHoTamusi. C [elbpl0 ONTUMHM3ALUU TNPHHATHS HHXXEHEPHBIX pPEIICHHH NpH TNPOEKTUPOBAHUH
ABTOMOOWMIIBHBIX JIOPOT, OIpe/elieHa IKOHOMUYECKasi 3P PEKTHBHOCTh YCTPOUCTBA JOPOKHBIX KOHCTPYKIHH
C JIPEHAXHBIMU CJIOAMH MEJKOTO 3aJIOKEHHUS, PACCUUTAHHBIMHM C NPUMEHEHHEM pa3jINYHBIX METOJIOB, —
TPaJUIIMOHHOTO W YCOBEPIIEHCTBOBAaHHOro. [IpoaHanu3upoBaHBl JaHHBIE HATypHBIX HAOMIOACHUH 3a
OTIBITHBIMHU YYaCTKaMU; PACCMOTPEHBI BAPUAHTHI yCTPONUCTBA IPEHUPYIOIIETO CJIOS C IEPEMEHHOM TONIIHHON
M0 MHMPHHE MMONEPEeYHOro CEYeHUS KOHCTPYKILMH; BIUSHHE M3MEHEHHS TOJIIUHBI JPEHUPYIOLIETo CIIOS Ha
00N MOy YIPYTOCTH JOPOXKHOM OJIEKIBI.

KiroueBble ci1oBa: JOpOXKHAs OAEKIA, OPEHAK MEJKOro 3al0KEHUs, SKOHOMHYecKas 3(QeKTHBHOCTB,
MEXPEMOHTHBIH CPOK, MOIYIb YIPYTOCTH.
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OPTIMIZATION OF ENGINEERING SOLUTIONS: THE CASE OF COMPARISON
OF COMPARISON OF SHALLOW DRAINAGE CONSTRUCTIONS

Abstract. For the purpose of engineering solutions optimization during motor road designing, we have
determined economical efficiency of road structures arrangement in the case of shallow drainage layer, with
calculation performed using both conventional and advanced methods. In-situ data on trial lots have been
analysed; a number of drainage layer arrangement options has been considered for variable thickness
depending on a width of structure cross-section; impact of drainage layer width variation on the total
modulus of elasticity of road pavement has been investigated.
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Beryn

JlpeHaxHI CHUCTEeMH MIJKOTO 3aKJaJICHHS €
KOHCTPYKTUBHO IPOCTUM, MOPIBHSIHO HEIOPOTUM
Ta e(peKTUBHIM €JIEMEHTOM JOPOXKHBOT
KOHCTPYKLIi Yy  BUIAAKYy, KOJIUM  BHUHHUKAE
HEOOXIJHICTh MOKpPAIIUTH 1 BOJHO-TEIUIOBUN
peKUM B yMOBaxX HaQJMIPHOTO 3BOJIOKCHHS
MIOBEPXHEBOIO BOJIOIO Ta MPH HASIBHOCTI TTIMHUCTUX
(CyrmMHUCTHX) TPYHTIB 3€MJISIHOTO  IIOJIOTHA.
OCKINbKH € NeKiTbKa MPUHIMIIOBO Pi3HUX ITiIXO/IB
70 BHU3HAYEHHsS TapaMeTpiB JApPEHaXy MLIKOTrO
3aKJIJICHHS, BUHUKAE HEOOXIAHICTh BHKOHYBATH
€KOHOMIYHE TOPIBHSAHHS BapiaHTIB PO3paxOBaHUX
KOHCTPYKLIN 3 METOI NPUUHSATTS OOIPYHTOBAHOI'O
3 TOYKM 30py EKOHOMIYHOI  e(eKTHBHOCTI
imkenepHoro pimenHs. [Ipu npomy 00OB’S3KOBO
cInn BpaxoBYyBaTH PI3HUITIO MILTHOCTI
3alpONOHOBAHUX KOHCTPYKLIH, OCKUJIBKM BOHA
BIUIMBA€ Ha JIOBIOBIYHICTh, Ta HamiMHICTH. Jlms
MOpiBHSAHHS Oyno 0OpaHO ABa THUIU KOHCTPYKILi:
JpeHaxHa  CUCTEeMa  MUIKOrO  3aKJIaJcHHS,
po3paxoBaHa i3 3aCTOCYBaHHSM YyJOCKOHAJICHOTO

METOAY, Ta JpPEeHaX MUIKOIO  3aKJIaJieHHS,
3alpOEKTOBAHUI BiJIITOBITHO 10 TII0YHX
HOpPMAaTHUBHUX JOKYMEHTIB [1].

OcHoBHa YacTHHA
Exonomiuna e(eKTHBHICTb BJIAILTYBaHHS
IpEeHaXHOI ~ CHUCTEMH  MIUIKOTO  3aKJIaJeHHS,

PO3paxoBaHoOi 13 3aCTOCYBaHHSIM YJIOCKOHAJIEHOTO
METOMY, BU3HAYAETHCS PO3PAXYHKOM IMOPIBHSIBHOT
e(EeKTHUBHOCTI KamliTaJIbHUX BKJAJE€Hb HAa OCHOBI
MOPIBHSIHHSI BUTPAT Ha BJAIITYBAHHS KOHCTPYKIIN
JIOPOXKHBOTO  OJATY Ta  JIPEHaXy  MUIKOTrO
3aKJIaJCHHS, 3aMpPOEKTOBAHUX  BIAMOBIAHO 0
JI0YMX HOPMATHBHUX JIOKYMEHTIB, 3 BUTpaTaMH Ha
TOI e 00cAr poOIT 3 BUKOPUCTAHHSAM Y JTIOPOXKHIH
KOHCTPYKIIi TMIIAHOTO JIPEHYIUoro Imapy i3
TOBIIMHOIO, SIKA  BIAMOBIa€  pO3paxyHKam,
BUKOHAHUM 32 YAOCKOHAJICHUM METO/IOM.

EdexTuBHICTh 3aCTOCOBYBAHHSI YJOCKOHAJIEHOIO

JpeHaxxy MIUJIKOTO 3akKjaJeHHsS 3a pPaxyHOK
BUKOHAaHHS  PO3pPaxyHKIB 13  BHUKOPUCTAHHSAM
MOIU(IKOBAaHOI ~ MaTeMaTHMYHOI  MOJeNl  PyXy

pIIMHU Y TIOPUCTOMY cepenoBuii [1] omiHto€eThCs
IUIIXOM  CIIBCTABJCHHS HA TpUKIANl OpU
3aCTOCYBaHHI JTpeHaKHOT KOHCTPYKITIi
YIOCKOHAJIEHOTO THITy Ta TAaKOTO X JOPOXKHBOTO
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Introduction

Shallow drainage systems provide a simply
engineered, comparatively inexpensive and
efficient component of a road structure
when its temperature and humidity regime
improvement is required, under conditions
of excessive humidification with surface
water and in a presence of clay (loamy)
grounds in a roadbed. Since there is a
number  of  conceptually  different
approaches to determination of shallow
drainage parameters, arises a need to
perform  economical comparison  of
designed options, in order to come to
engineering solutions substantiated in
terms of economic efficiency. In these
circumstances, we also must take to
account the strength difference of proposed
structures, since it affects durability and
reliability. For the purpose of comparison,
two structure types have been selected:
shallow drainage system calculated by the
means of the advanced method, and
shallow drainage designed as per effective
regulation documents [1].

Subject matter

Economical efficiency of arrangement of a
shallow drainage system calculated by the
means of the advanced method is
determined by the calculation of capital
investments comparative effectiveness on
the basis of comparison of construction
costs for road pavement and shallow
drained structures, provided they have
been designed as per effective regulation
documents, with the costs of the same
scope of works, provided that road
structure employs sand drainage layer of a
thickness calculated by the means of the
advanced method.

The efficiency of advanced shallow
drainage is calculated by the means of a
modified simulation model of liquid flow
in a porous medium [1] and is estimated by
correlation of application cases of
advanced drainage structure along with
advanced road pavement  versus
conventional drainage structure (calculated
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OJIATY 13 JpeHaXXeM TPaJUIiiHOI (po3paxoBaHoOi 3a
JFOYMMHA HOPMaTHUBAaMHU) KOHCTPYKITIi.

KinbkicHUM BHUMIpHUKOM DiBHA €(QEKTHBHOCTI

KamTaabHUX  BKIAJCHb CIYXHUTh  Koe(imieHT
edekTuBHOCTI £
Ci-Cl 1
:Klf _Kljl 2?! 1)
1P P

ne K[, i K}, — npusesenni 10 ocrananoro poky
OymiBHMLITBA OJJHOPA30BI BUTPATH 3a BapiaHTaMH,
BIMOBIIHO, TIPM  BUKOPUCTAaHHI  JIPEHAXHOI
KOHCTPYKIIi yIOCKOHAJIEHOTO THUIy Ta TaKOTO X
JIOPOKHBOTO OJSTY 13 JpeHaKeM TpaauLiiHOl

(po3paxoBaHoi  3a  JAIIOYMMH  HOPMATHBAMM)
KOHCTPYKIIIi;

1 : /i :

C, 1 C, — mNOTOYHI BHUTPaTH 3a THUMH XK

BapiaHTaMM 32  OJUH
eKCIUTyaTallll HOKPUTTSI.

PO3paxyHKOBUH  pIK

3rigHo 3 [2, 3] KamiTajgbHI BKJIQJICHHS BBaXKAIOThCS
e(heKTUBHUMH, SKIIO:

E > FEy, 2
e EH: 0,12

Jlo ckiamy OIHOPa3OBHX  BUTPAT  BXOMISTH
KamiTaabHI BKJIQJEHHS, peani3oBaHi 1O MMOYATKY
eKCIUTyaTalll MOKPUTTS 4YM HOro pPEeKOHCTPYKIIT
(xamitanbHOrO  peMoHty). Ilpm  mopiBHsHHI
BapiaHTIB JI0 CKJIaJy MOTOYHUX BUTPAT BKIIIOYAIOTH
BUTPAaTH Ha yCl BHJIM PEMOHTIB 1 YTPUMAaHHS
MTOKPUTTS JUISTHKA aBTOMOOUTHHOT TOPOTH.

Biamosigao 110 [4], MDKPEMOHTHHI CTPOK CITY>KOU
JTOPOXKHBOTO OAATY (TOKPHUTTS) — MEpioJ B poKax
Bim 371a4i goporu (00’€KTy) B EKCIUTyaTaliio 0
MEPUIOro KamiTaIbHOrO (MOTOYHOT0) PEMOHTY abo
MDK CYMDKHUMHU  KamiTadlbHUMH  (IIOTOYHUMH)
pPEMOHTaMHU.

Busnaunmo HeoOXi/iHI mapaMeTpu Ui MiIpaxyHKy
€(EeKTUBHOCTI BJIALITYBaHHS JpEeHaXHOT
KOHCTPYKIIi YOCKOHAJICHOTO TUITY Y TIOPIBHIHHI 3
JIPEHAKEM TPAIUIIIAHOI (PO3paxoBaHOT 32 JIFOUNMHU
HOpMAaTHBaMH) KOHCTPYKIii. Po3rnsgnemo ninsHKy
aBTOMOO1IIBHOT JIOPOTH TOBKAHOIO 1 kM.
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as per effective regulations).

The quantitative measure of capital
investments efficiency is an efficiency
factor E:

cl-c!' 1

=—=—, 1
KllilP_RlliP T )

where K/, and K/, are one-time

expenses converted to the last year of
construction, for the options that envisage
application of advanced drainage structure
along with advanced road pavement versus
conventional drainage structure (calculated
as per effective regulations), accordingly.

C} and C; are operational expenses in

the course of one target year of road
coating operation envisaged for the options
mentioned above.

According to [2, 3], capital investments are
considered efficient, if:

E > Fy, (2
where Ey= 0.12.

One-time  expenses include capital
investments implemented before start of
coating operation or reconditioning (major
repair). In the course of options
comparison, operational expenses include
costs of all types of coating repair and
maintenance on the motor way lot.

According to [4], inter-repair service
period of road pavement (coating) is a
period measured in years between road
(object) commissioning and the first major
(operating) repair, or between consecutive
major (operating) repairs.

Let parameters be determined as required
for efficiency calculation of advanced
drainage structure arrangement, compared
to conventional drainage  structure
(calculated as per effective regulation). Let
us consider a motor way lot of 1 km
length. Let as assume a conventional
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Tpaauuiliny KOHCTPYKIiIO MPUHMEMO BiAIOBITHO
10 puc. 1, ynockoHaneny — 2.

0615m | 051 M 20m | 03 M 35wm

Pucynok 1 — Po3mipu momepedHoro mepepizy moporu
BapiadTy 1 (BiAMOBIAHO 0 IiF0YNX HOPMATHBIB)

| 0.825 M | 051 M | 20m | 05m | 35m

Pucynok 2 — Po3Mipu momnepevyHoro nepepizy I0poru
Bapianty 2  (po3paxoBaHMH  BIONOBIOAHO  JIO
YAOCKOHAIIEHOTO METOY)

[TapameTpy KOHCTPYKLIM JOPOXKHIX ONATIB Y
MeXax Mpoi3HOI YaCTMHM HaBeAEHO Ha puc. 3 (a —
BapianT 1, 6 — BapiaHT 2), y Mexax y30i4 — Ha
puc. 4 (a — BapianT 1, 6 — BapiauT 2).

a/6 gpiboHosepHucTIiL h=4 cm
a'd xkpyrHozeprycTiti, h=8 cm

mebisb rpar THIML h=20 cm

MoK KpynHosepHucTint, h=41 cu

“ | rpvHT seMnsHOro nosoTHa

231

structure in accordance with Fig. 1, and an
advanced structure in accordance with Fig.
2.

0.615m | O‘Im‘ 20m | 0.5m 35

Figure 1 — Cross-sectional dimensions of a
road according to option 1 (as per effective
regulations)

| 0.825m | 0.51 ml 20m 0.5m | 35n

Figure 2 — Cross-sectional dimensions of a
road according to option 2 (calculated by the
means of the advanced method)

Parameters of road pavements structures
within their surfaced portions are shown on
Fig. 3 (a — option 1, b — option 2), within
road shoulders — on Fig. 4 (a — option 1, b
— option 2).

fine bituminous concrete, h=4 cm
coarse bituminous concrete, h=8 cm

crushed bezel, h=20 cm

coarse-grained sand, h=41 cm

earthbed ground
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a6 npibHosepHucTIiT, h=4 cM

a/6 kpvrHozepHucTint, h=8 cm

mediHb rpadi THL, h=20 cM

I COK KpYNHO3epHucTHiL, h=36 cm

IDVHT 3eMASHOrO noJoTHA

~

0

Pucynok 3 — IlapameTpn KOHCTPYKLii HOPOXKHBOTO
OJATYy y MEXKax IIPOI3HOI YaCTUHH

map ymigsHeHoro mederio

TPYHT S3EMAAHOIO MOJOTHA
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VVVVVVVVYY
VYV VYVVYVVVUTVQ

M COK KpyITHOzepHucTiit, h=41 cu

TPYHT 3¢MIAHOIO MONOTHA

a

map ymilkHeHOro mebeH:o

TPVHT 2EMISHOI0 MOJOTHA

FYvvvvvvewwy

TV V9T VYT TV

M COK KpyrHOosepHicTift, h=55 cu

JPVHT 3EMJIAHOIO MOJIOTHA

0

Pucynok 4 — IlapameTpn KOHCTPYKLii AOPOXKHBOTO

OJIATY y MeXax y30iu
Busnauenus

napameTpiB i

HiIpaxyHKy
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fine bituminous concrete, h=4 cm
coarse bituminous concrete, h=8 cm

crushed bezel, =20 cm

coarse-grained sand, b=36 cm

earthbed ground

b

Figure 3 — Parameters of road pavements
structure within its surfaced portion

compacted crushed rock layer
earthbed ground
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ePpPpbo BB Pl coarse-grained sand, h=41 cm

earthbed ground

a

compacted crushed rock layer
earthbed ground

TV Vv VT VYT

coarse-grained sand, b=55 cm

Fvvvvvvuvuwy

earthbed ground

b
Figure 4 — Parameters of road pavements
structure within road shoulders

Calculation parameters are determined
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MPOBOAMMO 3 ypaxXyBaHHSM JaHHUX BIAMOBITHO O
JiF0401 HOpPMAaTUBHOI IOKyMEHTAIlli, a came:
-3rigHO 3 [5], HOpMa MIKPEMOHTHOTO CTPOKY
ekcrutyaTarii acajsbTOOETOHHOTO TOKPHUTTS IS
I TexHiuHOI KaTeropii JOPOrM MiXK KamiTaJIbHUMHU
PEMOHTaMHU CTaHOBUTH 13 pOKiB, MK MOTOYHHUMHU
CepeIHIMU PEMOHTAMH — 5 POKIB.

- BIAMOBIAHO 70 [6], 10 pO3pOOJICHWHA IJis
IUTaHyBaHHs 0O0cCsATiB (pIHAHCOBUX pecypciB Ha
NOTOYHHUH PEMOHT Ta EKCIUTyaTalliiiHe yTpUMaHHS
Mepexi aBTOMOOUIBHUX JOpir VYKpaiHu, sK B
oMy mo YKpaiHi, Tak 1 IO OKpeMHX perioHax, 3
ypaxyBaHH]IM XapaKTEPUCTUK MEpEekKi Jopir Ta
pEerioHaNbHUX YMOB IX €KCILTyaTallii:

Tabauust 1 — Bapricts po0iT 3 TOTOYHOTO APIOHOTO
PEMOHTY Ta EKCIUTyaTalliiHOro0 yTPUMAHHS OHOTO

NPUBEICHOr0 70 YMOBHOIO  KUTIOMETpa  Mepexi
aBTOMOOUTHHMX ~ JIOPIr  3araJbHOTO  KOPHUCTYBAaHHS
JIepsKaBHOTO 3Ha4YeHHs [6]
3aranpHa
Ne HatimenyBanHS pobiT BapTICTh,
TPH.
JlikBinamist BHOOTH, TPilIUH,
1 0Ci1aHb, KOJIi{ 3 3aCTOCYBaHHIM 11 709,18
acanbToOeTOHHUX CyMillleH,
SIMKOBUI pEMOHT
2 ac(asbTOOETOHHOTO MOKPUTTSI 3 12 589,99
pO3IaMyBaHHIM
3 SIMKOBUI PEMOHT ITOKPUTTSI 12 25053
[THEBMOCTPYMEHEBHM METOIOM
Bcesoro: 36 549,70

* — BapTicTh OAMHMII pOOIT BU3HAYEHA HA ITiZCTaBi
pecypcHOro METoAy LIHOYTBOpeHHs. B 3a3HadeHiit
BapTOCTI BpaxoBaHI: MpsMi, 3araJbHOBUPOOHUYI,
aJIMIHICTpAaTUBHI BUTPATH, KOIUTH HAa 3BEIECHHS Ta
po30MpaHHs TUMYAacOBUX OyiiBelb Ta CHOPY.
BUPOOHMYOTO Ta JIOMOMDKHOTO IpPHU3HAYECHHS,
KOIITOPUCHUM TNpUOYTOK, MOAATOK Ha JAOJaHy
BapTICTh.

[Ipumitka:

- 32 YMOBHUH KUIOMETp NPUHHATHI OJUH KUTOMETP
ac(asbTOOETOHHOTO MOKPUTTS IUPUHOIO 7,5 M, Ha
SIKOMY HEOOX1JHO BUKOHATH MOTOYHUN PEMOHT Ta
eKCIUTyaTalliiine yTpUMaHHs;

- pPO3paxyHKOBI HOpPMH (IHAHCOBUX BHUTpAT Ha
OMH YMOBHHH KIJIOMETp aBTOMOOUIBHUX JOpIr
3arajlbHOr0 KOPHUCTYBaHHsI CKJIAJ€HI CTaHOM Ha
01.01.2014 1 migAralOTh  HEperisay  Mpu
BHUKOPHUCTAHHI HOBUX TEXHOJIOT1M Ta MarepiajiB, a
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subject to data of effective regulation
documents, namely:

- according to the reference source [5], the
rate of inter-repair service period for
bituminous concrete pavements of |IlI
maintenance category roads between major
repairs is 13 years, between operating
medium repairs — is 5 years.

- according to the reference source [6],
which has been developed for planning of
financial resources amount required for
operating repair  and operational
maintenance of motor ways network of
Ukraine, both on a nationwide scale and in
separate  regions, with regard to
characteristics of roads network and their
regional operation conditions:

Table 1 — Cost of works on operating minor
repair and operational maintenance of one
nominal kilometer of all-purpose principal

motor ways network [6]
No Overall
Name of works item cost,
UAH
Elimination of potholes,
1 fcracks, subsidences and ruts 11,709.18
using bituminous concrete mixes
Patching repair of bituminous
2 [concrete coating with its 12,589.99
breaking
Alir jet patching repair of
3 coating 12,250.53
Total: | 36,549.70

* — cost of works item is determined on the
basis of input costing. The above-noted
cost takes into account: direct, general
production and management expenses,
construction and dismantling costs for
supplementary and production temporary
buildings and structures, estimated profit
and value-added tax.

Note:

- the nominal kilometer is assumed as one
kilometer of bituminous concrete coating
of 7.5 m width, requiring for operating
repair and maintenance;

- calculated rates of cost expenses on one
nominal kilometer of all-purpose motor
ways are established as of 01.01.2014 and
shall be reviewed in a case of application
of new technologies and materials, and
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TaKOX MOXYTh KOpEryBaTHCS Ha iHIEKC 1HQuALii
IIOPIYHO.

Buxonsum 3 naHux, HaBeaeHUX y Tabu. 1, Maemo
IIOPiYHI BUTPATH HA MOTOYHUHN APIOHHUI PEMOHT Ta
eKCIUTyaTalliifHe yTPUMaHHS JOPOXKHBOTO OJATY
(TIOKpHUTTSI) OJHOTO YMOBHOTO KUIOMETPY JOpir

JCPXKABHOTO  3HAYCHHs, [0 CTAHOBJAThH, 3
ypaxyBaHHiIM iHAeKkcy iHGusmii, 3a 2014 pik
npuosm3Ho 45 687,13 rpH. 3 [1/1B.

Kamiransai BKJIAJICHHS npu OyIIBHUIITBI

(pPeKOHCTPYKIIii, KamiTaJIbHOMY PEMOHTI) IUISHKA
aBTOMOOUIbHOI J0oporH (IPHBEACHO 10 OJHOTO
YMOBHOTO KUIOMETpY) AEp>KaBHOTO 3HAYEHHS i3
BIIAIITYBAaHHSAM JApPEHAXY MIJIKOTO 3aKIaJeHHS,
cTaHOBIATH (mpuBeneHi Ha 2015 pik) BiamoBigHO
710 PO3paxyHKiB KOIITOPUCHOI BAPTOCTI:

K!, — 4953721,00 rpu./ym. km
IpEHYIOUYHH map TpaauliiHOI KOHCTPYKIIii);

(mimraHui

K[, —5042 819,00 rpu./yM. KM (JipeHyroumii 1ap,
pO3paxoBaHMii 32 yIOCKOHAJICHUM METOJIOM).

BinnoBigHo 10 [4], moTo4H1 ApiOHI pPEMOHTH Ta
eKCIUTyaTaliiine YTpPUMaHHs MOKPUTTS
aBTOMOOUIBHMX JOpPIT 3arajbHOr0 KOPHUCTYBaHHS
JIEPKABHOTO 3HAYEHHS IPOBOAATHCS  KOXKHOIO
POKy, TMOTOYHHMM cepenHid pemoHT st gopir 111

TEeXHIYHOT  Kareropii, BiamoBigHO 10  [5],
BUKOHYE€TBHCS KOXHI1 5 POKIB, a
3aMiHa/BIAIITYBaHHS HOBOTO MOKPUTTS

(xamiTaJIbHUN PEMOHT) — KOH1 13 pOKiB.

BpaxoByroun Te, 10 yAOCKOHAJIEHa KOHCTPYKIIIS
JpeHaxy MIJIKOTO 3akKiIaZeHHs (BIAMOBIAHO MO
JAHUX HATYpPHUX CIIOCTEPEKEHb), Ha BIIMIHY BiJ
TPaAUIIHOT  JAPEHAXXHOI  KOHCTPYKIII, Mae
MIJIBUINICHY 3/IaTHICTh JI0 OCYIICHHSI po0OO0YO0i 30HU
3eMJITHOTO TIOJIOTHA Ta IIApiB JOPOKHBOTO OJIATY,
10 CIPHSE TMIIBUIIEHHIO HOTO TOBroBiYHOCTI B 1,5
— 2,0 pa3u, B 3aJIXKHOCTI BiJl YMOB €KCIUTyaTallii,
BUTpaTH Ha TIOTOYHUN JpiOHUKA pPEMOHT Ta
eKCIUTyaTalliitHe yTpUMaHHS JTIOPOKHIX
KOHCTPYKIII, BIAIITOBAaHUX 13 3aCTOCYBaHHSIM
MO3/IOBXKHBOT ~ JPEHAKHOI  CHCTEMHU  MIJIKOTO
3aKJIaICHHS YIOCKOHAJIEHOT KOHCTPYKIIi,
3MEHILIAThCs NOHaMeHIe B 1,5 pasu.

Otxe, BpaxoByoouu jgaHi Tabd. 1, KUIBKICTh
MMOTOYHUX JIPIOHMX PEMOHTIB Ta EKCILIyaTalliifHOTO
yTPUMaHHS Ha TpOTs3i 13-TM pOKIB CTAaHOBUTH —
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may also be adjusted to inflation rate
annually.

According to the data given in Table 1,
annual expenses on operating minor repair
and maintenance of road pavement
(coating) as per one nominal kilometer of
principal roads are approximately UAH
45,687.13 (VAT included) for year 2014,
taking to account inflation rate.

Capital investments in the course of
construction (reconditioning, major repair)
of a principal motor way lot (measured in
nominal kilometers) with shallow drainage
arrangement comprise (as of the year
2015), according to estimated cost
calculation:

K/, — UAH 4,953,721.00/nom. km (sand
drainage layer of a conventional design);

Kl - UAH
(drainage layer
advanced method).

5,042,819.00/nom. km
calculated using the

According to [4], operating minor repairs
and maintenance of principal all-purpose
motor ways coating are performed
annually, operating medium repair of 11l
maintenance category roads is performed
every 5 years according to [5], and coating
replacement / new coating arrangement
(major repair) is performed every 13 years.

The advanced structure of shallow
drainage (in accordance with in-situ data),
compared to a conventional drainage
structure, shows enhanced dewatering of
earthwork operative area and road
pavement layers, thus increasing its service
lifetime by 1.5 - 2.0 times, depending on
operation conditions. Therefore, the costs
of operating minor repair and maintenance
of road structures employing advanced
longitudinal shallow drainage system will
decrease at least by 1.5 times.

Thus, taking into account the Table 1 data,
the number of operational minor repair and
maintenance within the course of 13 years
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13, a cepennix — 2, mpu BIAIUTYBAaHHI TPaaUIiitHOT
JIPEHAKHOI CHUCTEMH MIJIKOro 3akianeHHs. s
BUIMA/IKY 3aCTOCYBAaHHS YIOCKOHAJICHOTO JPEHAXY
MUJIKOTO 3aKJIaJICHHSI KUIBKICTh IMOTOYHHUX JIPIOHMX
PEMOHTIB Ta EKCIUTyaTalliiHOrO YTPUMaHHS Ha
npoTsi3i 13-Tu pokiB cTaHOBUTH — 9, a cepennix — 1.

BapricTh IOTOYHOrO CEPEAHBOTO PEeMOHTY 1 M
acasbTOOCTOHHOTO TIOKPUTTS 32 TEXHOJIOTIE0
«apsumii pemike» komtye Omau3pko 200 rpH. 3
[IAB. Y nHamomy Bumajaky e Oyae mpuOIH3HO
200,00-1000,00-4,00-2=1 600 000,00 (rpu. 32 1 kM

minsaka - goporu).  Tomi, ans  AUISHKE i3
TpajuIiiHO  jipeHakHOl0  cuctemol,  Cj
CTaHOBUTHME Cl= (45 687,13-13 +

1600 000,00-2) / 13 = 291 840,98 (rp. 3 [1JIB), a
Cél , A ,Z[iJ'IHHKI/I 3 YAOCKOHAJICHUM JpPCHAKEM

MIJIKOTO 3aKJIaJCHHS: lel = (45687,139 +
1600 000,00-1) / 13 = 154 706,47 (rpu. 3 I1JIB).
3BeneHl JaHi MpPO BUTPATH HAa PEMOHTH UISTHOK
HaBeJIeHO y Tabl. 2.

Tabmmuss 2 — TlokasHUKM I PO3PaxyHKY
e(EeKTUBHOCTI KamiTalbHUX BKJIAJEHh 3a JIBOMA
BapiaHTamMH OyJIIBHUIITBA

Bxkmagenns Ha
o Kamniraneai MOTOYHUI
HaiimenyBaHHs . o
. BKJIAJIEHHS, | OpiOHUI pEMOHT
BapiaHTy
IPH./yM. KM | Ta yTpUMaHHS,
TpH. PIK/YM. KM
Tpamuriitna
JpeHaXKHA
cHrcTeMa MIJIKOTO
3aKJIaIeHHSA 4953721 291 840,98
VnockoHaieHa
JIpeHaXKHa
cHrcTeMa MIJIKOTO
3aKJIaIeHHSA 5042 819 154 706,47

BI/IKOpI/ICTOBYIO‘-II/I )laHi IIOKAa3HHKU, HpOBOI[I/IMO
PO3paxyHOK KoeQilieHTy e(heKTUBHOCTI:
_ 29184098-15470647 13713451
504281900 - 495372100 8909800

3a pe3ynpTaTaMu  poO3paxyHKy Ha  MIIHICTh
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is equal to 13, and that of medium repairs
is equal to 2, provided conventional
shallow drainage system is arranged. In the
case of advanced shallow drainage
application, the number of operating minor
repair and maintenance within the course
of 13 years is equal to 9, and that of
medium repairs is equal to 1.

The cost of operating medium repair per
1 m? of bituminous concrete coating using
Hot Remix technology is about 200 UAH,
VAT included. In the considered case, the
total cost is about
200.00x1000.00x4.00x2=1,600,000.00 (U

AH per 1 km of road lot). Then, for a lot

with a conventional drainage system, C;

is CII, = (45,687.13x13 + 1,600,000.00x2) /
13 = 291,840.98 (UAH, VAT included),
and C;', for a lot with advanced shallow
drainage, is: C, = (45,687.13x9 +
1,600,000.00x1) / 13 = 154,706.47 (UAH,

VAT included). Summary data on costs of
lots repair are shown in Table 2.

Table 2 — Capital investments efficiency
calculation indexes for two construction
options

Investments
Capital mto_
. operating
Investmen . .
. minor repair
Option name ts, and
UAH/nom .
Kkm maintenance,
' UAH/year/no
m. km
Conventional
shallow
drainage
system 4,953,721 | 291,840.98
Advanced
shallow
drainage
system 5,042,819 | 154,706.47

Let us calculate the efficiency ratio on the
basis of these indexes:

_ 291840.98-154706.47 13713451
© 5042819.00—495372100 8909800

Based on the results of strength

1.54.
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3’SCOBaHO, IO MOJYJh MPYXKHOCTI JTOPOKHBOTO
OJITY 13 JPEHYIOYMM MIapOM, PO3paxOBaHHM 3a
YIOCKOHAJICHUM METOJI0M, cTaHOBUTH 319,33 Mlla,
IO 3aJI0BOJIBHSIE BUMOTH IO TIOTPIOHOTO MOJYJIs
npyxnocti gopir Il texniunoi kareropii. ¥ cBoro
4yepry, MOAYJIb IPYXHOCTI KOHCTPYKIIii BapiaHTy 1
cra”HoBuTh 325,60 MIla, mo Bcooro Ha 2 % OibIie
32 MOAYJb TPYXKHOCTI KOHCTPYKIIi JpYyroro
Bapianty. Omxe, ocnabIeHHS KOHCTPYKIi 3a
paxyHOK  3HWKCHHS  TOBIIMHM  MIIIAHOTO
JPEHYI0YOro Mapy € HE3HAYHUM.

BucHoBku

OTxe, MOKHA BBa)KaTH, 110 KamiTaJIbHI BKJIaJAEHHS
y BIAIITYBAHHS JPEHAXHOI CHUCTEMH MIJIKOTO
3aKJIaJICHHS 13 MIIaHKUM [IapoM, PO3paxOBaHUM 3a
VIOCKOHAJICHUM  METOJOM, € e()eKTUBHUMH,
ockinbku £=1,54 > Ey = 0,12,

[Ipu He3HayHUX 301JIBIICHHI BApTOCTI Ta 3HMKEHHI

MIITHOCTI, y MOPiBHSHHI 13
TPaAMUIAHUMH  KOHCTPYKLISIMH, 3aCTOCYBAaHHS
IPEHYI0Y0TO mapy, PO3paxOBaHOTO 3a
YIOCKOHAJIEHUM METOJIOM, nae 3MOry

ONTHMI3YBAaTU MapaMEeTPU JOPOKHBOI KOHCTPYKIIIi
mi IHOUBIAyaldbHI  YMOBH  BOJIHO-TEIJIOBOTO
pexuMy Ta  MIABUIIATA 11  HAmIAHICTD 1
JIOBIOBIYHICTb.
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calculation, it was found out that modulus
of elasticity of a road pavement with a
drainage layer calculated as per advanced
method is 319.33 MPa. This value
complies with the required modulus of
elasticity for Il maintenance category
roads. Again, the modulus of elasticity of
the option 1 is 325.60 MPa, which exceeds
the modulus of elasticity of the option 2 by
2 % only. Therefore, there is a negligible
weakening of structure due to reduction of
sand drainage layer thickness.

Conclusions

Thus, investments into arrangement of
sand-layer  shallow drainage system
calculated as per advanced method may be
considered efficient, since E=1.54 > Ey =
0.12.

While leading to negligible cost increase
and strength reduction compared to
conventional structures, application of
drainage layer calculated as per advance
method allows for optimization of road
structure parameters with regard to
specifics of temperature and humidity
regime and provides increase of road
structure reliability and durability.
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