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OIITHKA TEXHIKO-EKCILTYATAIIMHOI'O CTAHY JOPOXHBOI'O OJIATY

AHoTauia JlictaB MoAanbIIoro po3BUTKY IHTETPaIbHUN MOKA3HMK TEXHIKO-EKCIUTyaTaliifHOTo
CTaHy JOPOYKHBOTO OJATY HEKOPCTKOTO THITY — 1HJIEKC TEXHIKO-CKCIUTyaTallifHOTO CTaHy, SKii
MICTUTh B 001 SIK TTOKa3HUKH, [0 BH3HAYAIOTH CIIOXKHMBYI BJIACTUBOCTI aBTOMOOLUIBLHOI JIOPOTH,
TaK ¥ IMOKa3HHWKH, 110 BU3HAYAOTh TEXHIYHUH CTaH KOHCTPYKIII JOPOKHBOTO oasiry. OTpuMaHo
KUTBKICHI OI[IHKH YaCTKOBHX 1HJIEKCIB CTaHy JOPOKHBOTO OJIATY AJIsE aBTOMOOLTBHUX fopir [ — II1
KaTeropii.

KurouoBi cjioBa: 10poxkHiil 0T, iHIEKC TEXHIKO-SKCIUTYaTaiHOTO CTaHy, KOe(IIlieHT 3amacy
MIIIHOCTI, PiBHICTh, KOS(IIIEHT 3YESTUICHHS

UDC 625.72
Batrakova A.G., Dr. Tech. Sci.
EVALUATION OF TECHNICAL AND OPERATIONAL PAVEMENT STATE

Abstract. Integral criterion for assessing the technical and operational condition of nonrigid
pavements - Index of technical and operational condition which contains parameters that define
both consumer properties of the highways, and indicators that established the technical condition
of pavement structures was evolved. The quantitative evaluation of partial pavement condition
indexes for highways of I - I11 categories are obtained.

Keywords: nonrigid pavement, index of technical and operational condition, factor of safety,
friction coefficient
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OIIEHKA TEXHUKO-3KCILTYATAIIMOHHOI'O COCTOSIHUS
JIOPOKHOM OJIEXK/IbI

AHHoTauus. [lonmydnn pa3BUTHE HMHTETPaJbHBIA IOKa3aTedb TEXHUKO-IKCIUTYyaTallHOHHOTO
COCTOSIHMSL JIOPOKHOM OJEXKJbl HEXECTKOr0 THUIIA — HMHJEKC TEXHUKO-3KCIUTyaTallMOHHOTO
COCTOSIHUS, COJEp KAl B cede MoKazaTesy, ONpeAesIolIne KaK NOoTpeOUTEIbCKUE CBONCTBA
aBTOMOOWJIBHOM JOpOTM,  TaKk M TIIOKa3aTelld, OIpPEIeSIONIMe TEXHUYECKOE COCTOSHHE
KOHCTPYKLUHU JTOpOKHON ojaexzabl. [lomydeHbl KOMMYecTBEHHBIE OLEHKH YacCTHBIX HHIECKCOB
COCTOSIHUSI JIOPOKHOM OJIEK/IbI AJ1s1 aBTOMOOMIBHBIX Jtopor | — III kaTeropwuii.

KiroueBbie ciaoBa: nOpoXHas OIEXKNA, HHICKC TEXHHKO-JKCIUIYyaTallAOHHOTO COCTOSHUS,
KO3 PUIMEHT 3amaca NPOYHOCTH, POBHOCTh, KOAPPHUIIMEHT CLEIUICHUS.

Beryn Introduction
B ymoBax oOMmexeHoro (iHaHCYBaHHS In the conditions of a limited budget
e(eKTUBHICTh PEMOHTHOT cTparerii efficiency of repair strategy is defined, first of
BHU3HAYAETHCS, Yy IMEPIIy dYepry, piBHEM all, by a level of Pavement Management
PO3BUTKY CUCTEM VIPAaBIiHHS CTaHOM Systems (PMS) development. Any modern

nokputTst (CYCII). ®dynaamMeHToM Oyab-sIKOT PMS based on models, methods and facilities
cydacroi CYCII € moneni, METo1 Ta 3acO0H for the solution of technical and economic
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BUPIIICHHS TEXHIKO-EKOHOMIUYHUX 3aBJIaHb
OLIIHKHU ¥ MPOTHO3YBaHHS CTaHy JOPOXKHBOTO
OIIATY, a TaKOoX ONTHMI3allii pecypciB Ha
WOro  PEMOHT. Tomy  po3BuTOK 1
BJIOCKOHAJICHHS CVYCII y JacTUHI
po3po0ieHHsT ¥ peanizaiii HOBHX CTparerii
PO3MOALTY pecypciB Ha PEMOHT 1 yTpUMaHHS,

1o CIpsSIMOBaH1 Ha 3a0e3neyeHHs
HOPMATHBHOTO  TEXHIKO-EKCIUTyaTaliifHOTO
CTaHy Mepexi Jopir 3arajbHOTO

KOPUCTYBAaHHS € aKTyaJbHUM 1 TNPaKTHYHO
3HAYMMUM 3aBJIaHHSAM.

ITocranoBka 3agaui

binpuricte Mojenel  ympaBiiHHS —CTaHOM
MOKPUTTS BUKOPUCTOBYIOTh I1HTETpAIbHUMN
MOKA3HUK CTaHy KOHCTPYKIIil, SIKUH y pe3yiib-
TaTi  ONTHMI3allii MOBUHEH  NPHUHATH
MaKCHUMaJbHE 3HAYEHHS MPU 0OMEXEHHSX 110
¢inancoBux  Burparax [1].  Haiibinbm
MOIIMPEHUMH TIOKa3HUKAaMU € 1HJIEKC CTaHy
nokputtst (PCl) Ta MikHaponmHuii iHmEKc
piBaocti (IRI). IlepeBaroro BUKOpPHUCTaHHS
TaKMX YKPYIMHCHHX MOKA3HUKIB € BIJIHOCHO
MpPOCTI  TPOIEAypd  OJEpKaHHA  IXHIX
3HaYeHb. 3  IHOIOrO OOKYy, ICTOTHUM
HEJOJIKOM € HEMOXJIHUBICTh BpaxyBaHHs
BHECKY KOXKHOTO TapameTpa, y TOMY YHCHi U
MiAMOBEPXHEBUX  Je(EeKTiB, Yy 3arajbHy
OLIIHKY CTaHy KOHCTpykIii. ToMy B pamkax
MOCTAHOBKM  3aBJaHHA  OIIIHKK  CTaHy
TOPOKHBOTO OSTY MPOMOHYETHCS PO3BUTOK
IHTErpaJIbHOTO TIOKa3HUKa — 1HAEKCY TpaHcC-
HNOpTHO-EKCIUTyartamiiHoro  crany  (J),
3ampornoHoBaHoro B poboti [2]. anwuit
MOKa3HUK  TOBUHHUN  00’€IHYyBaTH  SK
MOKa3HUKH, IO OTPUMaHi 3a pe3ysibTaTaMu
Bi3yaJqbHOI OIIIHKK CTaHy TMOKPUTTS Ta
BU3HAUAIOTh Yy 3HAYHIM Mipl CHOXUBYI
BIACTHBOCTI Joporu [3], Tak W TEXHiKO-
eKCIUTyaTaIliifHi MOKa3HHUKH, [0 BU3HAYAIOTh
TEXHIYHUNA CTaH KOHCTPYKIIi TOPOXHBOTO
omsary. Ilig TEXHIYHHMM CTaHOM JOPOKHBHOTO
omary  OyaeMo  pO3yMiTH  3JIaTHICTh
JIOPOKHBOTO  OJIITY  CIIPUMMATH  BIUIUB
TPAHCIIOPTHOTO HaBaHTaXKEHHS W TOTOJHO-
KJIIMaTUYHUX ¢bakTopis. ITin
eKCIUTyaTallifHUM ~ CTaHOM  JOPOKHBOTO
onary OyneMo pO3yMITH 3JaTHICTh JTOPOXK-
HBOTO OJATY 3a0e3neuyBaTh pPO3PaXxyHKOBY
IMIBUIKICTH 1 0e3meky pyxy. Toai oCHOBHUMH
TEXHIKO-CKCIUTy-aTal[iiHUMU ~ TTOKa3HUKAMHU

problems concerning an estimation and
forecasting of a condition of road pavement,
and also optimization of resources for its
repair and reconstruction. Therefore creation
and improvement of PMS regarding
development and realization of new strategy
of distribution of resources on repair and
maintenance, aimed at the ensuring of a
standard technical conditions of a network of
public roads is actual and very significant
practical problem.

Problem statement

The majority of models for managing road
pavement condition use an integrated
indicator of a pavement condition which
should accept a maximum value at the set of
restrictions on financial expenses as a result
of optimization [1]. The most widespread
indicators of pavement condition are
Pavement Condition Index (PCI) and the
International  Roughness  Index  (IRI).
Advantages of such integrated indicators use
are relatively simple procedures of acquisition
of their values. On the other hand, an
essential drawback is the impossibility of the
account of the contribution of each parameter,
including subsurface defects, in a general
estimation of a pavement condition.
Therefore within the framework of the
problem statement of the assessment of a
condition of a road pavement is proposed
development of an integrated indicator - an
index of a transport-operational condition (J
), offered in the paper [2]. The above
indicator should consolidate both the
indicators which received by results of a
visual estimation of a pavement condition and
defining first of all consumer properties [3]
and the technical-operational indicators which
defines technical condition of the road
pavement. As a technical condition of a road
pavement we will introduce ability of a road
pavement to perceive influence of transport
loads and weather/climatic factors. As an
operational condition we will introduce ability
of a road pavement to provide a designed
speed and traffic security. Then, the basic
technical-operational indicators of a condition
of a road pavement are: factor of a margin of
safety (K, ), roughness of a pavement (.S),

Mmiy
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CTaHy JOpPOKHBOTO OJAATY €: KOeQilieHT
3amacy MinHocti (K . ),piBHICTb MOKPUTTS (

Mmiy
S'), a Tako KoediuieHT 34erieHHs (¢ ). s

MIPOTHO3YBaHHS THIEKCY TEXHIKO-
eKCIUTyaTaI[ifHOTO CTaHy JOPOXKHBOTO OISTY
Ta OOIPpYHTYBaHHS PEMOHTHOI cTparerii
HEOOXITHO OIIHHUTH XapakTep 3MiHH IUX
MOKAa3HUKIB y mporeci ekcruryarartii. Jlms
BUPINICHHS Ii€i 3aJa4i  CKOPHCTYEMOCS
MIIXOIOM IO OIIIHKH MIITHOCTI JOPOXKHBOTO
OJIATY, IO 3anmporoHoBanuil y [4]. 3rigHo [4]
nepeadavaeThes, MO B MPOIIECi eKCITyaTarrii
BEPXHI IIApU JOPOKHBOTO OJATY BTPAYaAIOTh
«UTATHUIY edekT, TOOTO He MPALIKTh SK
IUINTa Ha TIPYXKHIH OCHOBI ¥ BTpavarTh
pO3MOiIbYY  3AaTHICT. ToAl  BIIHOCHY
BTPaTy MIIIHOCTI KOHCTPYKIIi IOPOKHBOTO
OJIITY B MOMEHT 4Yacy (z ) MOXHa OLIIHUTH 32
koedirieHToM BTpaTH PO3MOALIBYOT
3JIaTHOCTI: }

k=€, -E, €, -E., ()

t
Esaz’

ne EJ., E!  — s3aranpHmii  MOmylb

NPYKHOCTI  JIOPOXKHBOIO ~ OITy  HA  TIOYaTKy
eKCIUTyaTallii, y JIOBUTbHMM MOMEHT dacy [ Ta
HaIPHKIHLI TEPMIHY CITy»Kk01 BirosiHo, Ml Ta.

3 immoro ©O0OKy, 31 3MIHOK MIITHOCTI
JOPOXKHBOTO  OJATY TMOB'SI3aHI  3araybHi
3aKOHOMIPHOCTI 3MIHHM PIBHOCTI MOKPUTTS [,
6]. 3miHa pPIBHOCTI HOKPHUTTS B Haci, SKIIO
OCHOBHOIO TNPUYMHOI0 ii TMOTIPIIEHHS €
3HMKEHHSI 3arajibHOi MIITHOCTI JIOpOKHBOTO
OJIATY, OTUCYETHCS SaJ'Ie}KHiETIO [7]:
In+x-1,

LI

p-K,

S =S, +K,-

+

Et
1427 - Moo B )
D E

ep

h,, -p- €-sin (p;tg(2+q)j

2
+

cos @

ne S,,S, — BIINOBIAHO PiBHICTH HA MOYATKY
eKCILTyaTallii Ta y MOMEHT 4acy ¢, CM/KM;

K¢ — mapamerp, 10 XapakTepH3ye 3B'SI30K
MiX HAKOMTUYCHHSM 3aJIMIIKOBUX
nedopmarii 'y rpyHTI W 3MIHOIO PIBHOCTI
MOKPHUTTS, CM/KM;

and also friction coefficient. For forecast
operational condition of a road pavement and
a foundation of repair strategy it is necessary
to estimate character of change of these
indicators while service life interval. For the
solution of this problem we will take
advantage of the approach to an estimation of
strength of the road pavement, offered in [4].
According to [4] it is supposed that while in
service road pavement top layers lose «plate»
effect. It means, that pavement do not work as
a slab on the elastic base and thus, lose
distributing ability. Then, the relative loss of a
structural strength of a road pavement at the
moment of time (z) can be estimated by the
factor of loss of the distributing ability:

k = €§a2 - E;az z eg?az - E;z :’ (1)

t
E?ae o

where E?_, E!l, — a general elastic

modulus of a road pavement in the operation
beginning; during any moment of time t and
in the end of life cycle accordingly, MPa.

On the other hand, general laws of change of
roughness of a pavement are connected with
change of strength of a road pavement [5, 6].
Change of roughness of a pavement in time in
the case, if a principal cause of its
deterioration is diminution of general strength
of a road pavement, is described by
dependence [7]:

ln(+x-tC:
Mo~ X

p'Kt +

Et
1++/27 - ha | Esw )
D Ezp

. ~ T (O
h, -p-€-=sine .tg| —+ -
00 P (=sing g(4 2)

S, =8, + K-

t

+

L cos@ J
where S,,S, — accordingly roughness in the
beginning of operation period and at the
moment of time 7, cm/km;

K, - the parameter, which characterize
communication between accumulation of
residual deformations in a ground and change
of roughness of a pavement, cm/km;
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K

, — KoeiIlieHT, 1110 BPaxOBYye 301IbIIEHHS
HaNpy)XeHHs| B TPYHTI 3€MJISTHOTO IIOJIOTHA B
MpoILeCci eKCIUTyaTallii BHACHTIIOK 3HIKEHHS
3arajbHOI MIITHOCTI JIOPOXKHBOTO OJIATY;

h,, — TOBIIUHA JOPOXKHBOTO OJATY, CM;
t . (9 .
E.,. — €KBIBaJCHTHUH MOZYJb IPYXKHOCTI

JOPOKHBOT'O O/IATY B MOMeHT vacy t, MIla;

E,, — MOynb IPY)KHOCTI IPYHTY 3€MJISTHOTO

nonoTtHa, MIla;

p — cepelnHs WIUIbHICTh MaTepiany IapiB
JIOPOKHBOTO OJUATY, I/CM>;

(@ — KyT BHYTPIIIHBOTO TEPTS TIPYHTY
3eMJISTHOTO MOJIOTHA, TPa/l.;

N,— KoeQilieHT B’A3KOT0 ONOpYy IPYHTY,

Mlla;
x — Koe]illieHT 3MiHH B'S3KOCTI IPYHTY, C
{, — CyMapHHi Yac BIUIMBY TPaHCIOPTHOTO

c
HAaBaHTAXXEHHS 32  MepioJ  aKTUBHOTO
HAKOITUYCHHS 3aJTUIIKOBOI Aedopmariii, c.

3HOUIYBAHHSA MOKPUTTS JOPOKHBOTO OJATY
TAaKOXX TNPUUHATO SIK KPUTEPi NpoBeICHHS
PEMOHTY aBTOMOOLIbHOI Joporu. I'paHn4yHO
JOMYCTUMOIO  BEJIMYMHOI  3HOIIYBAaHHS
MMOKPUTTSI BBAXKAIOTh 3HIKEHHS KoedirieHTa
3YEIVIEHHS TMOKPUTTA (U1l JTOPO’KHBOTO
OJIATY KaIiTaJbHOTO 1 TOJIETIIEHOTO THIIB)
710 BEJIMYUH, L0 JOMYCKAIOThCS 32 yMOBAMHU
oesrieku  pyxy [8]. 3rimHo 3 [9] wmixk
KOC(QII[IEHTOM 34YeIUIeHHS § IMIOPCTKICTIO
MOBEPXHI KOYEHHS ICHYye 3B'SI30K, SKI|
J03BOJISIE  OLIHUTH  3MiHY  Koe(illi€eHTa
3UYEIUICHHS B MPOLIEC] eKCILTyaTallii:

T = lg ltlARﬂ—li—lg l65No (_bIARj

lgg
3)

ne T — IMOBIpHMM TepMiH CIyKOu
IIOPCTKYBATOTO MOKPUTTS 3AJIEKHO Bij 3MiHU
HOTO 3UIMHKUX SIKOCTEH, POKiB;

a,,b, — koediuieHTH, MO BPAXOBYIOTH
¢bpakuiiiHuil ckiiag moBepxHeBOi 0OpOOKH;
AR — 3MiHa MAakKpoOLIOPCTKOCTI 3a TEepMiH
ciyx6u T, Mm;

g — TIOKa3HHUK
IHTEHCUBHOCTI PYyXY;
N, — cepenHbopiyHa 1000Ba 1HTEHCUBHICTb

PYXy  pO3paxyHKOBHX

HIOPIYHOTO  MPHUPOCTY

aBTOMOOLIIIB  Ha

K, — the factor, which consider increasing of

stress in a base layer of the road while in ser
vice due to the increasing of general strength
of a road pavement;

h,, — athickness of a road pavement, cm;

E!,_ —an equivalent elastic modulus of a road

pavement at the moment of time t, MPa;
E,,— an elastic modulus of a ground of a road

bed, MPa;

p — average density of a material of layers of
a road pavement, g/cm?;

¢ — a corner of an internal friction of a

ground of a road bed, deg.;
n,— factor of viscosity of a ground variation,

MlIlIa;

x — factor of change of viscosity of the
ground, ¢*;

t.— total time of influence transport loadings

during active accumulation of a residual
strain, sec.

Deterioration of a road pavement also is
accepted as criterion of carrying out of repair
of a highway. As maximum permissible rate
of deterioration of a pavement usually it is
usually considered lowering of an friction
coefficient of a pavement (for a road
pavement of the capital and facilitated types)
to the values allowed by safety conditions of
movement [8]. According to [9] between
friction factor and a rolling surface roughness
there is the dependence, allowing to estimate
friction coefficient changes while road is in
service:

lghArR€¢-1"-1gf65N, (-b AR
lgg ’

T

©)

where T — possible life cycle of a rough
pavement which depends on change of its
friction properties, years;

a,,b, — the factors considering fractional
structure of a surface treatment;

AR — change of the macroroughnesses during
life cycle 7, mm;

g — an indicator of an annual gain of a traffic
volume;

N, — a mid-annual daily traffic volume of
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NepUIMiA piK cayxO0u 1mapy 3HoCy, aBT./100y.

Pimenns piBastHHA (3) 3BOOUTBCS 10
BU3HAYCHHS TPaHUYHO JOMyCTUMOTO
3MEHIICHHS! MaKpOIIOPCTKOCTI MOKPHUTTA 3a
YyMOBOIO  Oe3neku  pyxy. MaremaTudHi
MOJIeNIi, IO OMHCYIOTh 3MiHY KoedilieHTa
34CIJICHHS 3aJIC)KHO BiJ IHTEHCUBHOCTI PyXy
B 4Yaci, moOyJ0OBaHI Ha HE3HAYHOMY O0Cs3i
CTaTUCTUYHUX JIAHUX 1 MOXYTh OyTH
3aCTOCOBaHI B JOCHTH BY3bKHX Jiarma3oHax
PO3paXyHKOBHX HABaHTa)XEHb, 110 OOMEKYE
ix 3actocyBaHHS. ToMy CTOCOBHO [0
MOCTAHOBKHM 3aBJIaHHS TPU OLIHI[ CTaHy
JIOPO’KHBOTO it inY Ha migcTaBi
IHCTPYMEHTAJIbHOI OIIIHKA PO3PaXOBYETHCS
Koe(ilmieHT 3a0e3MeYeHHs 3YIMHUX SIKOCTEH
nokputts [10]:

thten = (pdjakm /(pn ! (4)
ne K,, — KoediuieHT 3abe3leYeHHS
3YIMHUX SKOCTEH MOKPUTTS;

P pams P — BIIMOBIAHO  (paKTUYHE W
HOpPMAaTHBHE 3HAYEHHS KoeilieHTa
3YEIICHHS.

Tomi  iHAEKC  TeXHIKO-EKCILTyaTalliiiHOTO

crany (.J ) IpeJCTaBUMO y BUIJISIL:

~
Js=f G,L -
J(p = f«B’V@H )
N -1 @
t .
K.Miu = f €vs'ae > Enomp 2
S = f(Zlhi,E;ae,E(,p,(PepJ
neJ,,Jg, J, — 4YacCTKOBi iHJEKCH CTaHy
KOHCTPYKIii  JIOPOKHBOTO  OAATY  3a

KPUTEPISIMHU MIIIHOCTI, PIBHOCTI Ta 34YeTJIEHHS
BiJITIOBITHO.

Po3paxyHok iHfekcy TexHiko-
eKCIUTyaTAlliHiHOT0 CTAHY
Jlnst po3paxyHKy KOMIIOHEHTA 1HAEKCY CTaHy

3a kputepieM MmirHocTi (J ;) cKkopucTyemMocs
pimenussm  B.JI.  KasapHoBcbkoro — [4],
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settlement cars for the first year of service of
a wear layer, a bus / days.

The solution of the equation (3) is reduced
to

evaluation of maximum permissible
reduction of the macro pavement coarsenesses
on a movement safety conditions. The
mathematical models  which  describes
changes of the friction coefficient on
dependence from a traffic volume in time, are
constructed on insignificant volume of the
statistical data and can be applied in relatively
narrow ranges of design loads that limits their
application.  Therefore during problem
statement for the estimation of a condition of
a road pavement, on the basis of a tool
investigation  estimation the factor of
maintenance of friction properties of a
pavement is carried out by [10]:

Kxuen = (Pd)axm /(pn ! (4)

where K — factor of maintenance of

friction properties of a pavement ;
P pam> Py — actual and standard value of an

friction factor accordingly.

Then index of a technical-operational
condition (J) we will present in a such a
way:

JE:fKQiu;/
JS:fGL -
J(p:f({suen}

\
KMiu = f(?;ae’Enomp ’/
—_— N t
S_f(zllhi’Ewe’Eep’(Pzpj

where J,,Jg, J, — partial indexes of a

condition of a design of a road pavement by
strength conditions, roughness and cohesion
accordingly.

. (9

Calculation of an index of a technical-
operational condition
For calculation of components of an index of
a condition relatively to the  strength
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BpaxOBYIOUH KoeilieHT BTpaTH
posnoainpuoi 3patHOCTI (1). Tomi iHmeKc
CTaHy KOHCTPYKIIil 3a KPHUTEPIEM MIIHOCTI
MoKe OyTH TpeACTaBICHUN:

3aranpHUl MOIYJb TPYKHOCTI JTOPOKHBOTO

t=0 t
E06 _Eo6

t=0 t=T
E06 _Eo6

J -100% . (6)

OIsITY B MOMEHT  4acyt (E.),
BU3HAYAETHCSL:
t ™~ =
E!.=9865 €Q;-N,, —-a , (7
ne Ny, N, 3arajJibHa  KUJIBKICTb

NPUKJIaJaHb PO3PaxXyHKOBOTO HABAHTAKECHHS
3a CTPOK eKCIUTyaramii Ta 3a CTpPOK [
BIAIIOBIAHO, aBT.;

a — Koe(ilieHT, MmO 3aJSKUTh BiF THITY
PO3paxyHKOBOI'O HaBaHTakeHHS (st Al: a
=3,20; mus A2: a=3,55).

3a pe3yabTaTaMH pPO3paxyHKiB BCTaHOBIIEHA
rpajaiis iHAeKCYy CTaHy 3a KPUTEPIEM BTpaTu
PO3MOILIBYOT 3MaTHOCTI MOKPUTTS [11].

Jl11s po3paxyHKy KOMIIOHEHTA 1HJIEKCY CTaHy
3a KpHTEpieEM MO3J0BXHBOI piBHOCTI (J)

BUKOPHUCTOBYEMO DIIlIEHHS, IO Y3arajibHIOE
3aJIeKHOCTI IIBUJKOCTI PyXy TPaHCIIOPTHOTO
MOTOKY BiJ PIBHOCTI Ta BIJ CTYyHEHS
nedpopMyBaHHS ac¢anbToOETOHHOTO
nokputTs [12]:

L
S _n ( a+b-r)’ ®)

me S' — TMOKa3HMK piBHOCTI MOKPHTTS 3a
MOIITOBXOMIPOM, CM/KM;

m, a — eMIIpUYHI [apaMeTpH, IO
BPaxoOBYIOTh BIUIMB TOYaTKOBOi PIBHOCTI
MOKPUTTSA Ha IIBUAKICTH pyxy
TpaHCHOpPTHOTO ToTOKy, (m = 86,14; a =
0,0125);

M, b — eMmipuyHi Koe]illieHTH, IO
BIJTMBAIOTH BiJMOBIAHO HA MIBUAKICTH PyXy i
JTUHAMIKY 3MiHU PIBHOCTI MOKPHUTTSI 3aJICKHO
BiJl IMOBIPHOCTI MOIIKOKCHHS MMOKPUTTH (r),

(n =0,123; »=0,045).

condition (J,) we will take advantage of
V.D. Kazarnovsky [4] solution, considering
factor of loss of distributing ability (1). Then
the index of a condition of a design, related to
the strength condition can be presented:

12t=0 __l;t
an=(l—ﬁj~100%. (6)
00

06
The general elastic modulus of a road
pavement in the moment of the time ¢z (E.;,),
is defined as:

E'.=9865 Q. -N,, ~a, (7)

where N, N,, — total amount of appendices

of standard load for term of operation and for
term ¢ accordingly, veh.;

a — the factor depending on a type of
standard load (for Al: a=3,20; for A2: a
=3,55).

By results of calculations the gradation of an
index of a condition by criterion of loss of
distributing ability of a pavement [11] is
established.

For calculation components of condition
index by criterion of longitudinal roughness (
J¢) we use the solution which generalize

dependencies of speed of movement of a
traffic stream from roughness and from
degree of a deformation of the asphalt
pavement [12]:

S’=l-(m— 1 ] (8)
n a+b-r

where §' — indicator of longitudinal
roughness of a pavement by bumpometer,
cm/km;

m, a — empirical parameters which corrects
influence of initial roughness of a pavement
on speed of movement of a traffic stream, (m
=86,14; a = 0,0125);

n, b — empirical factors which influence
accordingly for speed of movement and
dynamics of change of roughness of a
pavement on depend of probability of damage
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BukopucToByroun 3ajeXHICTh IMOBIPHOCTI
TTOIITKO/PKCHHS MIOKPUTTSA (r) BiJl
KoeiIieHTy 3amacy MIIIHOCTI KOHCTPYKIIT 3a

JOMYCTUMHM  TIPYXHIM mporuHoM [ 12],
3alUIIEMO  YacTKOBIM  iHAEKC  CTaHy
KOHCTPYKLIi  JOpPOXKHBOTO  OAATYy  3a
KpPHUTEpIiEM PIBHOCTI Y BUIIISAI:
t _ t=0
— 0
Jy=|1 — |100%, 9)

T orT
Soﬁ -

-0 N
e St — IMO3AO0BXHA PI1BHICTb ITOKPHUTTA

06

Ipy MpH 37a4i B EKCIUIyaTallilo, CM/KM,
Tabmung 1;

=T
S™"  — IpaHHMYHO [JONYCTHMA MO3I0BKHS

PIBHICTh TOKPUTTS 3a KpPHUTEpiEM MiHIMyMY
CYyMapHHX HaBEJICHUX BUTpAT Ha
NEPEeBE3EeHHS] BaHTAXIB 1 PEMOHTH JTOPOXKHIX
mokpuTTiB [13].

BpaxoByoun BUMOTH 10 PIBHOCTI MOKPHUTTS
3a yMmMoBOW Oe3meku pyxy (tabmums 1),
3aMUIIeMo KOeQiIieHT PiIBHOCTI TOKPHUTTS:

Ky =8%/s", (10)

7 o
ne S — rpaHMYHO JOMyCTHMa pIiBHICTH
MIOKPUTTS 32 YMOBOIO O€3IMEKH PYXY, CM/KM.

Tabauua 1 — HopmaTuBHI 3Ha4YeHHsA

PIBHOCTI MOKPUTTS [14]

[Toxa3HuUKH PiBHOCTI Kareropist mopori

I 11 11

PiBHICTP TOKPHUTTA TpH  3[adi

. t
JA0POT'H B EKCILTyaTallro S

—  0e3 40 | 45 | 50

CM/KM;

MOBEPXHEBOI  00pOOKH,

- 3 obpoobkoro,| 45 | 50 | 70

CM/KM.

HIOBEPXHEBOIO

I'pannana  pisuicts mokpurtst _3al 90 | 100 | 130

yMoOBOKO  besmeku  pyxy, S,
CM/KM

of a pavement (r), (n =0,123; » =0,045).
Using dependence of probability of damage
of pavement (r) from safety factor of the
design on admissible elastic deflection [12],
we will write down partial condition index of
road pavement design by criterion of
roughness in such form:

t t=0

Jy={l- s
StT (1760

-100%, (9)

06

where S — longitudinal  roughness

of  pavement immediately after put in
commission, cm/km, table 1;

ST~ maximum permissible longitudinal

roughness of  pavement by criterion of
minimum of the total resulted expenses for
transportation and repairs of road pavements
[13].

Considering requirements to roughness of a
pavement on a safety conditions movements
(table 1), we will write down factor of
roughness of a pavement:

Ky =8"/s", (10)

where  S% - maximum permissible
roughness of a pavement on a movement
safety conditions, cm /km.

Table 1 — Standard values of roughness of a
pavement [14]
Roughness indicators

Roads category
1 11 11

Roughness of a pavement ir:rz)mediately
after put in commission S~ :

— without a surface treatment,| 40 | 45 | 50
cm km;

— with a surface treatment, cm/km. | 45| 50 | 70
Maximum roughness of a pavement| 90 | 100 | 130

on_a movement safety conditions,
oe3
S, cm/km.
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Koedimient piBHOCTH

Pucynok 1 — 3B'130k koedilieHTa piBHOCTI
MOKPUTTSI 3 IHJEKCOM CTaHy

Buxopucranns  3amexxnoctedr (9,  10)
JI03BOJISIE BCTAHOBUTH  3B'I30K  MIiX
Koe(illiEHTOM PIBHOCTI Ta 1HIEKCOM CTaHy
MOKPUTTS 32 KPUTEPieM PiBHOCTI (pUCYHOK 1)
Ta OTPUMATH KIJIbKICHY OIIHKY  1HAEKCY
CTaHy JOPOXXHBOTO OJTYy 3a KpHUTEpieM
MTO3JIOBXKHBOT PIBHOCTI (TaOIHIA 2).
Sk Oymo BiI3HAYEHO paHille,
bakTopom,
o0 BH3HAYAE TEXHIKO-EeKCIUTyaTalliHUN
CTaH  JOpPOXHBOTO  OJATY, NPUUHATHI
koeQilieHT 34eryieHHs. BiH HopmyeTbcs 3a
YMOBOIO 0O€3leKH pyXy N CTaHOBUTH IMOHAJ
0,35 s nerkux, 0,40 — g cknaguux, 0,45
— g HeOe3meuyHuXx YMOB pyxy. Horo
HOpPMAaTUBHI ~ 3HAU€HHS  MOBUHHI  OyTH
3a0e3neyeHi MpOTArOM TEpPMiHY CIyKOu
JIOPOXXHBOTO OJATY. Bil3HAYMMO TakoX, IO
3aKOHOMIPHOCTI 3MIHU KoeilieHTa
34YeTICHHsI B MPOLIEC] eKCIuTyaTallii 3aJ1e)arb
Bim OaraTthoxX (akTOpiB, M0 YCKIAJHIOE
rpajanilo 1HJAEKCY CTaHy M0 M'STHOAIbHIN
mkamt. ToMy mpuiiMaeMo 3HAa4YEHHS 1HIEKCY
CTaHy MTOKPUTTS 32 KOS(IIIEHTOM 34YETIICHHS:
npu  3a0e3nedeHoMy  KoegilieHT1

suerienns (¢ = (0,35; 0,40; 0,45)) J = 100;

— 1mpu  He3abe3neyeHOMYy Koe(blmeHTl
suerienns (¢ < (0,35; 0,40; 0,45)) J,=0.
Tomi  1HAEKC  TEXHIKO-EKCILTyaTaIiitHOTO
CTaHy JOpPOXKHBOTO OJIATY MOXe OyTh
pPO3paxOBaHMIA:

=iqw/iq, (11)

i=l1

TpeTIiM

e m — 3arajjbHa KUIBKICTP YaCTKOBUX
1HJIEKCIB CTaHy JOPOKHBOTO OJIATY;

100 S
£ e
2 80 =
2 g V i
B E /L
= & 60 / —
s 8 // —o—1 Category
g% 40 F/(/ —o—1II Category |
':g _§ /// —a—TII Category
> y/
o ,‘E O
% 5 20 I'
5
E 0l

0,5 1,0 1,5 2,0 25

Factor of roughness

Figure 1 — Relation between factor of
roughness of a pavement with a condition
index

Taking advantages of dependences (9, 10)
allows to establish relation between factor of
roughness and index of a condition of a
pavement by criterion of roughness (Figure 1)
and to receive a quantitative estimation of an
index of a condition of road pavement by
criterion of longitudinal roughness (table 2).
As it has been noted earlier, the third factor
defining a technical-operational condition of a
road pavement, accepts friction factor. It is
normalized on a safety conditions of
movement and makes from above 0,35 for
good, 0,40 - for difficult, 0,45 - for dangerous
traffic conditions. Its standard values should
be provided throughout road pavement life
cycle. We will notice also that laws of friction
coefficient change while in service depend on
many factors that complicates gradation of
condition index on a five-point scale.
Therefore we accept value of condition index
by friction factor:

— at the provided friction factor (¢ =(0,35;

0,40; 0,45)) J,,=100;
— at a poor friction factor (¢ <(0,35; 0,40;
0,4%)) J,=0.

Then the index of a technical-operational
condition of a road pavement can be
calculated:

h=Yad Sa.

where m — total amount of partial indexes of
a condition of a road pavement;
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0, — BaroBUi KOEQIIIEHT i-TO YACTKOBOTO

1
1HIEKCY CTaHy JOPOKHBOTO OJIATY;
J, — YacTKOBHMH I1HJIEKC CTaHy JOPOKHBOTO

1

OJLIATY.

Tabmuus 2 — [HAekc cTaHy 3a KpUTEpieM

a, — weight factor of i-th partial condition

index of a road pavement;
J, — partial condition index of pavement.

Table 2 — A condition Index by criterion of

PIBHOCTI IIOKPHUTTS roughness of a pavement
Karero Koedimient Ianexc Orminka cTany
pist piBHOCTI crany Jg| mokpurrs Roads Factor Index of | Estimation of a
JIOpOTi catego Roughness condition | condition of a
I monay 1,8 100 BiJIMIHHO ry Jq pavement
Bix 1,8 mo 1,125 9975 J06pe | from above 1,8 100 perfectly
Big 1,124 no 1,0| 74 —69 3a10BLILHO from1,8t01,125| 99 -75 well
Bix 1,0 1o 0,45 68 -0 HE3aJ0B1ILHO from1,124t01,0 | 74-69 | satisfactorily
mennte 0,45 | menme 0 | 3pyiiHOBaHO from1,0t00,45 | 680 |unsatisfactorily
I nonan 2,0 100 BiZIMIHHO it is less than 0,45 |itis less 0| it is destroyed
Bin2,0 n0 1,11 | 99-72 n06pe I from above 2,0 100 perfectly
Big 1,10 1o 1,0 | 70 — 65 3aI0BUJIBHO from2,0to1,11 | 99-72 well
Bix 1,0 1o 0,50 64 -0 HE3a10BiIbHO from1,10t0 1,0 | 70-65 satisfactorily
MeHe 0,50 meniie 0 | 3pyitHOBaHO from 1,0 to 0,50 64 — 0 | unsatisfactorily
i moHan 2,6 100 BigMiHHO it is less 0,50 itisless 0| itis destroyed
Bim 2,6 mo 1,30 | 9977 no6pe 1l from above 2,6 100 perfectly
Big 1,30 1o 1,0 | 76 — 62 3aI0BUJIBHO from2,6t01,30 | 99-77 well
Bix 1,0 1o 0,43 61-0 HE3a10B1IbHO from1,30t0 1,0 | 76 —62 satisfactorily
mentire 0,43 mennie 0 | 3pyiiHOBaHO from1,0t00,43 | 61-0 |unsatisfactorily
itisless 0,43 |itisless 0] itis destroyed
BucHoBku Conclusions
Jlictrama TOJANBIIOTO PO3BUTKY  MOJIENb It has had the further development a model of

OLIIHKY TIOTOYHOTO CTaHy JIOPOKHBOTO OJISITY
3a 1HJEK COM TEXHIKO-eKCILTyaTalliifHOro
CTaHy, IO BPaxOBY€ TMOKA3HUKU MIITHOCTI
JOPOXKHBOTO OJISTY, MO3/J0BXKHBOT PIBHOCTI
MOKPUTTA Ta KoeQilieHTa 34YeIJIeHHS Ta
JI03BOJISIE HAJaTHU KUIBKICHY OIIHKY CTaHy
JOPO’KHBOTO  OASTYy  3a  pe3ylbTaTaMu
IHCTPYMEHTAJIbHOI Ta BI3yaJlbHOI OLIIHKH.
CykymHICTh pe3ysbTaTiB, IO HaBEJIECHI B
po0OOTi, CKJIaJalOTh OCHOBY IPOTHO3YBaHHS
CTaHy JOPOXXHBOTO OASATY Ha  Mepexi
aBTOMOOUIBHUX JIOPIT 3 METOI PO3MOJILTY
pecypciB Ha pEMOHT Ta YTPUMAaHHS.
Jlitreparypa

1. Lamptey G. Life Cycle Cost Analysis for
INDOT Pavement Design Procedures / G.
Lamptey, M. Ahmad, S. Labi, K.C. Sinha //
Final Report FHWA/IN/JTRP-2004/28. -
Lafayette, Indiana : Purdue University, 2005.
- 57 p.

2. Hemumkan B. ®. CosepuieHCTBOBaHUE
YIPABJICHUSI COCTOSIHUEM aBTOMOOMIIBHBIX
JOpOT' B YCJIOBUSAX OIPAaHUUYEHHBIX PECYPCOB :
JIUC. ... KaHA. TEXH. Hayk 05.22.11 /
Hemumkan  Bnagumup  PegopoBud. —

estimation of the current condition of road
pavements in accordance with index of a
technical-operational condition which take
into account indicators of strength of a road
pavement, longitudinal roughness of a
pavement and friction factor. That allows
establish quantitative estimation of road
pavement condition by results of
instrumental evaluation and visual estimation.
Set of results which are reported form basis
for road pavement condition forecasting on a
network level for the distribution of resources
to its repair and the maintenance.
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