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Ipokatapktikn ASoAoynon Ipocopoimwong
Xopmeprpopag Odootpoudatov oto Ihaicro
2V0TNHATOV ALOYELPLENS TOVS

A. AOIZOX
Avaminpotg Kadnynmc E.M.IL

Tepilnyn

H epyaoia emikevipoveral o1a mposopoIdueTo. COUTEPLPOPIS 000~
poudTv oto mioicio Zvotnudtwv Aioyeipions Odootpmuctwv
(2.4.0.), ue oxomo v mpooralbeia yio mpokatopktiky alioloynon
KO GUYKPITIKH aVvOADOI] TOVG. AEOOUEVNS THS AVAYKOLOTHTAS YPHONS
TOVG 0TI O10YEIPION TV OOIKWOV OIKTOMV, UEGO, ATTO QUTHY TH OIEPED-
von mpofallovior S1Gpopa. TPOPANUaTO. Kol QOVVOUIES TOD OVTA
T0. GUOTHUOTA TOPOVTIGALOVY TOOO G OLOKINPWUEVO EMITENO UECD
LOG GUYKPITIKHG OVAAVONS TV TeAk®V mpoioviwv tpiwv X.4.0.,
v PERS, HDM-4 ka1 RIMS, 600 xou o€ exinedo npooopoimudrwv
HEOM OUYKPITIKAOV OVOADGEWY TPOTOUOIMUCTOV PHYUATOONS KAl
oualotnrag. To omoTEAETUOTO. TV OVOADOEDY OVTIOV POVEPDVODY
TNV AVEYKI VO, TPODTOPYEL GUETH KOl COOTHUOTIKY TVAAOYN oTOLYEl-
WV GYETIKOV UE TO 000OTPOUOTA, DCTE VO, KATOOTEL SVVOTH 1] 070
paitntn e&éliln kou mpooapuoyn twv X.A.0. oug eAnvikés oovOikes
KO VO UTTOPODY VO, EQOPUOTTODY OTOTEAETUOTIKG Kot oty EALdda.

1. EIZXATQT'H

AgdOpEVOL OTL £VOL OTUOVTIKO HEPOG TMOV TPOYPOLLLLO-
TIGHEVOV 00IKAV £pymv oty EAAGSa €xel NON Kotaokey-
aotel, KoBioToTol GUENG 1 AVAYKT GLVTHPNONG TOV 050-
OTPOUATOV TOVG, [0 SLOOIKOGI0 TOV, EVD OTIG TEPLIGCOTEPEG
xopeg g E.E., ig H.ILA. «.4. diveton daitepn onuacio
a&loloydvtag TV avotnpd, néypt onpepa oty EAAGSa n
KOTAOTOON £ival S10(QOPETIK.

Mo ocvykekpéva, n covidng moltiky G emépPo-
oNg 6T 0d00TPOHATO POVOV OTav 1 Bopd/actoyio. otV
EMPAVELL TOVG gival TAEOV YeYOVOG, dev emapkel kaf’ OTL
SOLE®VO Le OXETIKEG LEAETEG Kal £pguveg [ 1, 2, 3] kot OTmg
eoivetatl ota dwypappota 1 kot 2, Topovctdlel GNUAVTIKO
EMMAEOV KOOTOG £00G 2 KoL 3 popEg peyaAdtepo, eattiag g
exBeTikng e&éMéng g eBopdg 6To Xpovo [4]. Me 1t yprion
2.A.0. gmrouyybvero n:

a. Opydvoon Tov 0diK®OV Kot SIKTHOV HECH LIOG 1oXVPNG
Baong dedopévav. Ot appodieg vanpecieg dvvavol vo
yvopiloov yio kaBe 0d1Kd TUNIA TO YEDUETPLKE TOV YOPOL-
KTNPLOTIKE, TNV KATAGTOOT] Kol KUKAOPOPLo TOL 0000TPG-
LLOTOG KOl TO €100G TV KUKAOPOPOOVI®V OXNUATOV.

B. IpoPreyn g e&EMENG g BOPAG TV 0000TPOUATOV

Yropribnke: 9.9.2004  Eywe dextij: 12.5.2005

A. ITAITANIKOAAQY
[ToAttikog Mnyavikog E.MLIL.

og Babog ypovov. Emopévag vmapyet miéov 1 duvatotn-
TOL Y100 £YKOALPT) KoL TPOANTTIKY emépfaon.

v. A&0AOYNON EVOALOKTIKOV CEVOPI®V GUVTIHPNONG Yo
TO GUVOAO T®V 0OIKOV SIKTO®V, LE CKOTO TNV €0PECT
g PéLTioTNg Mong, oto mAaicto Tov kOKAov {®Ng Tov
0000TPAOUOTOC.

To mapondve cvvielodv og Beapatikny peimon Tov Ko-
0TOVG cLVTNPNONG (E0¢ Kot 65%) aALG Kot G duvaTOTNTA

EMOTNUOVIKA TEKUNPLOUEVNS omaitnong KovovAiav [2].

A
Kaln
8 T————= }— ————
3 - -
R \
s ?(\Il\ \
N\ opio eméufoons
Kaxn >
Xpovog

Midypopuo 1: PoOuog eéédiéng pBopds odoatpwudtwy oto ypovo,
mnyi: [1].
Diagram 1: Pavement deterioration rate against time, source: [1].
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Midypouua 2: Zyéon pOopas/kéaTong covtipnong kai xpovou,
mny: [1]
Diagram 2: relation between deterioration/maintenance costs and
time, source: [1].
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2. XYMBOAIXMOI

2.A.0.: Yvompa Awyeipiong OdooctpopdToV.

LA.D.: Ioodvvapo Aovikd oprio.

N, [poPremdpeves  abpolotikég — dlerevdoelg
LA.® 10t.

SCI: Agiktng  dopwkng  kotdotoorng  (Surface
Coverage Index).

N, Y: Mécog €To10G 00pOIGTIKOG KUKAOPOPLOKOG
@OpTOG,.

InCrack: "Evapén g pnypdroong.

PrCrack: E&EMEN ™G pnypdtoong.

Cli: Kh\partikég cuvonkec.

Drain: AToy£tenoT 000GTPAOUATOC.

Base: Eidog otpdong Paong.

L . Doptio GEova 8.2 t.

L: Doptio Géova 13 t.

CIL Pnypoatdoeig o pétpa (cracking index).

A, B: Iapdpetpotr tov PARIS.

X: Hlwio Tov odootpdpatoc.

EAZ.: Evamopévovca didpketa {ong.

k: YVVTELECTIG 1IGOSVVOLLING.

L.T.PP: Yvumepupopd oe Pabog ypovov.

TM.LY: Topéog Metagopmdv Kol ZVYKOWVOVIOKNG
Ynrodoung, E.M.IL.

EF;: [eppaiiovtikn cuvaptnon KotdoToong “i”.

[7342]

K: YUVTEALECTNG TPOCAPLOYNG KOTAGTOOTG “17.

MMP.: Méon unvwia Bpoyodmtoon (mm)
Katdotaong “i”.

DF_: YVVTELECTIG OMOYETEVOT|G.

ACRA Pnypotopévn empdveta el g cuvoiung (%).

APOT: Emodvewn pe Aaxio0feg enl g cuvolikng (%).

a,a,a,a,a, JUVIEAEGTEG HOVTEAO.

3. X.A.0.: OPIEMOX KAI
APXITEKTONIKH AOMH

H Boaocwum apyitextovikny doun tov cvyypovov X.A.O.
dwakpivetar oto oyua 1. Ipodxettal Yo cuoTNUATA TOL
TPOGOUOUDVOLY TN GLUTEPLPOPA T®MV 000CTPOUATOV GTO
YPOVO KOl EMLTPETOVY TNV OELOAOYNON EVOALUKTIKAOV GEVOL-
pl®v cuvTipNnong pe okond v €bpeom g PEATIOTNG ADOT|G
[2]. Teprhappavouy:

a. Baon dedopévov: Xe ovtiv omobnikedoviar Olo T
oTolyeio. OYETIKA Me To 0dKA TUAROTo (VAKA, TTéym
OTPAOCEMV, KUKAOQOPIO, KOl YOPOKTNPIOTIKE OYNUAT@V,
9Bopeg).

B. IIpocoOLOIDUOTO GUUTEPLPOPES 0S0CTPMOUAT®V, VIED-
Buva yo v wpoPieyn g e&EMEng g eBopdg Tov
0000TPAOUOATOC GTO YPOVO.

v. AkyopiBpo yio mpaypotonoinon ertiotonoinong. E&etd-
Covtat eVOALOKTIKG GEVAPLO GLVTNPNONG KOl ETAEYETAL

aVTO OV TANPEL TIG EKAGTOTE TPOoUTOBEGELS (OlKOVOLO-
TEYVIKEG 1 QULYDG TEXVIKEC).

Baoikn Apxitekrovikn Aoun £.A.0
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Zynua 1: Baown opyitektoviky doun X.4.0.
Figure 1: Basic principal structure of a PMS.

4. TO IIPOBAHMA THX EIITAOI'HX

Yruepa mAéov dratiBevtal apketd X.A.0. kot givor at-
oonueiowto mmwg o1 meprocdTepes ywpes g E.E., ot H.ILA.,
N Avotpoiia K.6., ¥p1OUYLOTOOVYV TETOLO GLOTHLOTO YO, TO
oGO UO TNG TOMTIKNG GLVTINPNONG TOV 0JKMV SIKTO®V.

O mivaxag 1 eivor evdgiktids g tdong mov emkpatet [S].

ITivaxoag 1: Zroryeio ypnons X.4.0 oty Evponn, mnyy: [5].
Table 1: Statistical data of PMS usage across Europe, source [5].

EupwTraikég XWwpeg Tou
xpnoipotroiolv X.A.O

13 (AyyAia, FaAAia, lotravia, OAavdia,
Zoundia, MoptoyaAAia, ITaAia, Mepuavia,
AuoTpia, Aavia, ®iAavdia, NopBnyia,
BeAyio)

Ap16u66 aTOPWYV TTOU
AsiToupyouv Ta Z.A.0.

AT6 1 (Aavia) éwg 60 (PiAavdia)

% AeiIToupyikoU
KOOTOUG CUVTRAPNONG
Trou avaAoyei oTa
Z.A.O.

AT 1 % (MopTtoyaAAia) Ewg
3%(Pihavdia)

MNMedia epyaciwy Ta oTroia

opyavwvovral Bdoel Twv X.A.0.

Kataokeun véwv 0poduwv

1 amd 116 13 (AuoTpia)

BeAtiwon dpopwv
(dioTrAaTUVOEIG)

1 amd 1ig 13 (AuoTpia)

KOVOUAIWV OTIG
TTEPIPEPEIES

2uvTtpnan SpOuwv 13 amd 11¢ 13
Xpron £.A.0. yia Tov
KOTAPEPIOUO OXETIKWV 13 a6 Tic 13
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[pénet va onpeindel Tog ot Tpoavapepbeiosg ydpeg ov-
VO KAVOLV YP1 o1 CUGTNUATOV TTOL Ot 101G £xovv e&eitet
LEC® EMGTNLOVIKGV 10PVUATOV Kot popEmV. MEypt onjpepa
otV EALGSa £xovv Yivel ELAIOTEG OTOTELPEG GUGTILOTIKTG
AgrTovpYiOG TETOIOV GCLOTNUATOV, EVD OAeg Ppickovtal og
KkaBopd pgLVNTIKO 1) TAOTIKO EMITEDO, OTMC, EKTOG GAN®V,
avapépeTon oG myég [6, 7, 8, 9, 10, 11, 12].

Me dedopévn v EAAELYT GYETIKNG EUTEPLOG, TNV OVA-
YK Y10, AgITovpyio TETOLOV CLOTNUATOV TOco og dNUOGLo
600 kot og WwTKd eminedo (cvpPdacelg mopoyd®PNoNG),
aALG Kot TNV Wiaitepa YpovoPOpo Kot ALt TIKN 6€ TOPOLG
kot avBpdmvo duvapkd mpoormdbeia eEEMENG amopyng
2.A.0., n gpyacia avt) €xEl WG OKOMO TNV TPOKATOPKTIKY
a&loAoynomn Kot cOYKPLoT TPOGOUOIOUATOV KAOMDG KoL TEAL-
KOV TPolovIoV Tpidv ohokAnpopévev X.A.0.

[Ipog tovtov, £nelTo amd GYETIKT d1epELVN O, £YIVE EML-
AOYT] AVTUTPOCOTEVTIKAOV EKTPOCHTOV 0o KABE KaTnyopio/
oxol) Z.A.0. kot wpoékvyav T akdrovdo X.A.0.:

a. Z.A.0. PERS: Evéeiktikog eknpdo®mog g oYOAIG Tov di-
VEL EPOACT] OTO UIYOVIKG YOPUKTIPLOTIKA TMV VAIKOV Kot
YPNOLOTOLEL OTIG TPOGOLOLDGEL GYECELS TTOV GLVOEOLV
TNV Téon LE TNV TOPAUOPP®GCT] Kol TOVG VOLLOVG 0GTOYI0G
TOV VMKOV. AVTUTPOCOTEVEL [ VEQ AVTIANYT 6TO GYEdL-
acpo tov X.A.0. tpocrnaddvtag va Tpoceyyicet T eBopd
TOV 030CTPOUITOV HE KoBopd ETOTNUOVIKOVG OPOLE.
[porerton yia mepopaticd kot vwod eEEMEN Z.A.0. pe apyt-
TEKTOVIKT dop), OTwg dtokpivetar oto oynpa 2 [13].

Apxitekrovikn) Aoun Z.A.0. PERS
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2ynua 2: Apyrtextovikn douny PERS.
Figure 2: Principal structure of PERS.

B. £.A.0. HDM-4: Xapaktpilotikd tov gival 1 Kovotnta
vy Agttovpyio g Olo ta mEpPaAlovTa, aveEupTITOg
KMUOTIKOV/KUKAOQPOPLOK®Y cuvOnKdv Kot vAkav [15].
Zuvdvalel EMOTNUOVIKESG KOl EUTEIPIKEG GYECELS, EVD Oe-
opeitar 0ot PEATIOUEVO GE GYEOT| LE TPOTYOVLEVES
exdooelg [3]. [Ipoidv g Iaykdopag Tpanelag, tov Ilo-
vemotuiov Tov Birmingham kot tov ARRB (Ivotitovto
Odwkmv Epguvav Avotpoiriog).

v. £.A.0. RIMS: Emeléyn, koping, encion €xel avamtuydel
oupPatd pe T eAAViIKEg cuvOnkes. Zuvovdalel oTotyeia
amd TIg 600 TPONYOVUEVEG GYOAEG KOL OMOTEAEITAL OO
pio Baon dedopévav kot £va cuatnpo dtayeiptong [16].
IIpoidv cuvepyaciog tov Topéo M.E.Y. tov E.MLIL. ko
tov ARRB, Bpioketarl axopun oe edon e&ééng [8] kot
OLVETMG Ol akpPeig dvvatdTTég Tov dev eivor akoun
avotpa kabopiopéves. H apyttextovikny tov dopn ouo-
Kpiveton 6to oynpa 4.

Apxirekrovikn doury HDM-4

Aiaxeipion Xroixsiwv Emireda Asitoupyiag
0dik6 Aiktuo, Oxnuara, MeAérng, lMpoypauuariouod,
Zuvripnon 210a1nyIKAS
Kupia Zroixeia \ n
Kal avaAuosis MovréAa
E.A.O, KX,
AKE.Z, AE.T.

Eéwrepikd

E.A.O: EE&EAIEN OeIKTWV 0000TPWLATOS
K.X: Koéorog xpnotwv

|A.K.E.X: AroteAéouara/k6oTog GUVT.
|A.E.IN.: Ao@dAcia, evépyeia, TepiBaAAov.

Juoriuara

Bdoeig
Sedopévwy

2xnue 3: Baoikn opyrrextovikny dousy HDM-4, wyyn: [15].
Figure 3: Basic principal structure of HDM-4, source: [15].

ApyitekToviki) Aopn RIMS
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2ynua 4: Baoikn opyrrextoviky dounp RIMS, wyyn: [16.]
Figure 4: Basic principal structure of RIMS, source: [16].

5. ANAAYXEIX EYAIXOHXIAX

Y10 TAQIGIO TNG TPOKOTOPKTIKNG a&loAdynong tov
2.A.0. Kot pwv amd TN GLYKPLTIKE AVAADGCY TOV TEAKOV
TPOIOVI®V TOVG, EKTOVIONKAV avaADcES gvauatnciog TV
TPOGOUOIOUATOV KGBE CLGTANATOS. APOPOVV GE TOPOE-
TPoVG OV enNPeAlovY oNUOVTIKG TV e£€MEN TG PBopdg
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TOV 0000TPOUATOV, OTWOG 0 KUKAOPOPLOKOG (POPTOG KOl Ol
KMpoatikég ouvOnkes. XTig ovaAdoEL onuUEIddnKaY ot el
TTMOGCELG TOV £YOVV OVTEG O LETOPOAEG OTNV TPOPAETOLEVT
@Bopd TV 0600TPOUATOV.

Mog divovv dnAadn pa TPAT EKOVA Yo TIg duvatd-
TNTEG TOV GUGTNUATMV VO TPOGOLOLDVOLY TI| GUUTEPLPOPE.
0000TpOUATOV KAOE KUKAOQOPLOKOD GOPTOV Kot KALLOTL-
KoV cuvOnkov [2, 17]. Zta dvo dwaypdupoate 3 kot 4 Tov
aKoAoLBoVY, Jdlakpivovtal ol avaAvoelg gvaicnciog Tov
deltn opaAdTTOg Yo petaforéc TG Kukhopopiag oe 0d1-
k6 tpunqpa g EAAGSac, tov tpocopotopdtav tov X.A.0.
PERS xouw HDM-4.,

To mpmdto Sdypappa apopd cto HDM-4 kou givar yo-
POKTNPIOTIKO OTL Ol PETAPBOAES TOV KUKAOPOPLOKOD POPTOVL
£YOVV (G OTOTEALEGLLOL OTLOVTIKOTOTT aOENOT 0TIV TpOoPAe-
opeVN OHOPE TOL 0SOGTPMLOTOG.

HDM-4 EvaioBnoia Agiktn OpaAdTnTag otn HETOROAN Tou
KUkAo@opiakoU @oépTou (ekatoupupia dieAeloeig ILA.D. 8.2 t )
18 0.28
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Aicypopyo 3: Avéivoon evoucOnoiog deiktn oualotnrag oe petofoléc
™¢ KvKAogopiag, mpooouoiwpuo HDM-4.
Diagram 3: Sensitivity analysis of roughness under traffic volume
variations of the HDM-4 corresponding model

Pers EuaioBbnoia Agiktn OpaAdTnTag oTn eTABoAr Tou
KukAo@opiakoU @opTou (ekaroppupia diehevoeig |.A.P. 8.2t)
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OpaAoTnta (IRI)

Aicypoyyo 4: Avéivoon evoucOnoiog deiktn oualotnrag o petofoléc
¢ kokAopopiog, mpooopoiwpo. PERS.

Diagram 4: Sensitivity analysis of PERS roughness model under
traffic volume variations.
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Aidypoppa 6 - Diagram 6: HDM-4
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® H1rel pwri kr) EAAGSa
3 — — — = Nnoiwt kA EAada
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doypaupoza 5, 6: Avordoels evaioOnGiog pyLOTOOEDY OE LETO-
Polrés Khuatikaov ovvOnkov, mpooouoimpaTa
RIMS xo1 HDM-4.
Diagrams 5, 6. Sensitivity analysis of cracking progression under
climatic variations,; RIMS and HDM-4 models.

Avtifeta, 6nwg dtaKkpiveTol 6To dEVTEPO S1AYPALL, TO
npocopoiope tov L.A.O. PERS eppavifer pia mo «daxo-
LT GUUTEPLPOPE, TTOL Giyovpa Tpofinuatilet.

Yto dwypappoto 5 kot 6 mapovotaletal 1 avaivon
evotoOnciog g e&€MENG TV pnyHATOCE®Y o pPETAPO-
Aég TV KMUOTIKOV ocuvOnkav, onwog epgavifovtol og
duapopeg meployég g EAAGSag. Agdopévng tng ompo-
VTIKNG EMPPONG mov €xel 1 PeToPoAn tng Beppokpaciog
0ALG Kol M Tapovoio vepod otV avamtvén kot e&EMEn
TOV PNYHLOTOCEDV givol avapevopevo vo gpeovifovtot
dwpopés avd yemypagikn meployn. Onwg dakpivetal
0TO TPAOTO SLAYPOULLO, TO OVTICTOLYO TPOGOLOIMU TOL
2.A.0. RIMS mopovctdlel EL0oTIKY GUUTEPLPOPE, TPO-
BAEmOVTOG EVTOVOTEPT] TOPOVCIN POYUADV GE TEPLOYESG LE
vynAn péon unvicio Bpoxdéntmon N/kot yapnAég Beppo-
kpoocieg, TpoPAieyn mov cvpuPadilel amdivTo Kol pe TO
ovAlexBévta katd tn didpkela TG eEEMENG TOV GLOTH -
T0¢ oTolyeio. amd 10 €VPVUTEPO 081KO dikTvo TG EAAAGdOC.
Avtifeta, oto Ogvtepo Sidypappa, OTOVL CNUEIDVOVTOL
ol TWPOPAEYELG TOL OVTIGTOLYOL TPOCOUOLDUOTOS TOV
HDM-4, givar @avepn n «AKOUTTN» GLUTEPLPOPA ELPOL-
vifovtag eviaio mpoPreym g e£EMENG TOV PNYHATOCEDY
avelaptnto TG HETAPOANG TOV KAMUOTIKOV cuvONnKdv.
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6. XYI'KPITIKH ANAAYXH TEAIKQN
IPOIONTQN TON X.A.0. HDM-4, RIMS

H ovykpion avt) kpivetal og n mALoV OMUOvVTIKY, Kab’
OTL TO TEAMKE TTPOIOVTA T®V GLOTNUATOV QVTAOV, 1| &aymyn
OMAad1 TPOVTOAOYICUOV KOGTOVG EPYOCIOV GUVTIPNONG,
elvan kot 1 TepmTovsio Tovg. Xto papdoypdupate 7, 8 do-
Kpivetal T0 TPOPAETOLUEVO KOGTOG GUVTIPNOTG 0OKOV TLT-
LLOTOG KT YOPLoG LTOKIVITOdPOLLOD Kol €BVIKNG avTioToya
0000, 0nmg tpoPAénetal omd ta L.A.0. HDM-4 kou RIMS.
Xpnowomomdnkay ta idta Opo. emépPacnc, Vo 1 amovcio
amoterecpdtov and 1o X.A.O. PERS ogpeidetat g advvapio
TOV GUOTNUATOS Vo avTamokpldel oTig mpodlaypapés Tov,
eppavifovrag ahiemdAinieg epmhiokég (shut downs) katd ™
duapketa tng PerTiotonoinong.

Aidypappa 7 - Diagram 7:AuToKIvV NT68pOUOG
250

196

200 A

WHDM-4

150 mRIMS

100 -

50 -

KoéaTog £pyaoi v ouvTipnong
(X1Niadeg Euro)

Aidypappa 8 - Diagram 8: EBvikn Od86¢

60
54

50 -

WHDM-4

40 4 mRIMS

30 4
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10 -

Kéo10G epyaciwv ouvtipnong
(xiNadeg Euro)

doypoupoza 7, 8: Ilpovmoloyiouos epyociov: avalvoeis 10etiog
wv HDM-4 ko1 RIMS o¢ 061k tunua pijxovg
6.7 yiu. xornyopiag awtoxivyrodpouov kor 9.7
JAu. xoznyopiog eBvikng odov oavtiotoryo, ue
0. 1010 Oplo. EMEUPOONS Kol TIG 101EC EPYOTIES
oLVTIPHOTG.

Diagrams 7,8: Maintenance costs: 10 years analysis of HDM-4
and RIMS for a Highway road section of 6.7 km
length (diagram 7) and o 9.7 km National Road
setion (diagram 8), with the same trigger values and
respective maintenance works.

Ot dpopéc, mov eupavifovtal, givar Wwitepo onpo-
VTIKEG KOl 0TO dVO 0dIKA TUNUATA. AVOy®YN TOV OTOTE-
Aéopdtov og éva 0dkd diktvo pikovg 680 km, 6mwg Yo
.y, avto g Eyvatiog Odov, cuvendyetatl dtaupopd otov
wpobimoloyiopd g tééewc Twv 17 ek. euro pe avaroyia 1:
9 y1a dikTvo OwTOKIVITOSPOLLOV Kat 60 k. euro pe avaroyio
1:60 yw diktvo Koatnyopiag €Bvikng 000V avtictorya. Ot
SLPOPEG AVTEG OMOTELECAY TNV ALPOPUT VL0 TNV TEPALTEP®

d1EpeHVION TOV TOPUUETP®V TOV TIG TPOKOAODY. Me avtdv

T0 OKOTO KpidnKe GKOTIUO 1) EPYOCIO VO ETAVOTPOGAVOTO-

Motel oT0 TPOCOHOIOUAT TNG PHOPAS TV 000GTPOUATMV.

EmiéyOnke yio v mepattépm d1epehvion T0 TPOCOHOLDLLN

TOV PIYHOTOGE®DVY Y10 TOVG €ENG AOYOLS:

* O1 pnypotdoels Bempodvtal oG 1 oNUOVTIKOTEPT PBopd
TOV 0000TPOUATOV.

* 'Emeita omd oyetikn £pguva, cCLAAEYON KOV T amaiTovUEVE,
16TopIKA oToryeia yia Tig priypatoocels. H cuykpirikn avé-
Avom aeopd 6To TPOoGOpHOIONATA TNG EEEMENG TV prY-
patocemv tov HDM-4 ko PARIS, ya to omoia avapopd
YiveETO TOPAKATO.

7. IPOI'PAMMA PARIS

To PARIS [18] eivar éva dtevpomaikd mpoypapLo, GTo
omoio cvppeteiyav 15 yopeg g Evponne, avdpeso otig
omoieg kot 1 EAAGSa, péom tov Topéa Metagpopdv kot Zv-
ykowaviakng Ymodoung (M.X.Y.) tov EM.II. Zkomdg tov
TPOYPALHOTOG NTOV 1] OVATTUEN EVOPLOVIGUEV®V TPOGOLLOL-
OUATOV TNG CLUTEPLPOPAG TOV 000CTPOUATMOV, TO. OTTOid VO,
dtakpivovTol yio Ty omAOTITA TOVG, LE UTMTEPO GTOYO TNV
€L00Y®OYT TOVG Gg Kdmolo oAokAnpopévo X.A.0. [pénet va
onuelwdel tog ta Tpocopoidpata Tov PARIS sivot avayve-
plopéva mAEoV SEBVAC, OTMG KOTOYPAPETUL Amd TO «state
of the art» tov mpoypappatog R.IM.E.S. [5], kot anotelodv
TNV APPOKPENN TNG EVPOTAIKNG £pEVUVOG 0T0 Tedio avTo.
ATAG Y10 AOY0oLG avapopdg kat yio vo avadeydei to péyebog
TOV EYXEPNHOTOG, VO onuelmBel Twg cVAAEXONKAY oTotKEin
a6 720 odikd TUALOTO.

8. TIPOXAPMOI'H TQN
MMPOXOMOIQMATOQN

8.1. Ewayoy

IIpwv amd tn cVyKpLoN TOV TPOGOUOIMUATOV £YIVE TPO-
OTAOELD Y10 EKTEVT] TTPOGAPLOYY TOVG (TPOCAPLOYH devTE-
pov otadiov). H mpocappoyn tov Tpocopotdpdtov ivol
amopoitnn, Kabdg Evag LeydAog oplBdg GUVTELEGTAOV OTIg
oyéoelg mov ypnotporotovy (95 yio 1o HDM-4) pmopei va
AGPet £va g0POG TILOV AVAAOYOL [LE TO EKAGTOTE 00OGTPMLLN
KoL TO TEPBAAAOV TOV.

[Tépav g apykng TPOSUPUOYNS TOL eKTEAECHNKE GE
OAEG TIG OLYKPICES TNG £pELVOG (EL0OY®OYN TOV OTOLTOV-
LEVOV OTOLYEI®V GYETIKA pE TIG KAMPOTIKEG GLUVONKES, TNV
KOTOOKEVOOTIKY TOOTNTO Kol GAAEG TOPAUETPOVS), OTN
CULYKPITIKT] LT OVOALCT €YVE EKTEVEGTEPT] TPOCUPLOYN
KAvovTag ypNon OTOPIKOV oTolEiv pHe T HéBodo TV
aAlemdAndov dokudv (trial and error). Ta amaitovueva
otoyeia avtAnOnkav kuping ard v Tpanelo Asdopévav
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tov Topéa M.EY. tov EM.IL. kot apopodv oty e&éMén
TOV PNYUOTOCED®Y Kol TOV KUKAOQOPLOKOD (OPTOL Omd
TEVTE 0OIKA TUHOTO KOTIYOPiaG 0LTOKIVITOOPOLOV (EVTOG
EALGS0G). [pénet va tovioTel 0Tt pio. TANPNG TPOGUPLOYT
«deuTepov oTadiovy amoTel 10TOPIKAE oToLYElR 0md TANBOG
0dIKAV TUMUATOV Kot UTOPEL Vo EKTEIVETAL G YPOoVIKO Opi-
Covta moAAGV pnvaov (to gyyetpidio tov HDM-4 kévet Adyo
v 6-9 pufveg [15]).

8.2. Meprypagn Mpocoporwpatmv

To mpocopoiopa yo v évopén kat v eEEMEN TV
pnypoTOce®mv tov Tpoypappatog PARIS yapaktnpiletan
and v amkottd tov. H oyéomn, mov mpoodiopiler v
évapén G pPNYHATOONG, £XEL TMOLOTIKG TNV akOAoVON
HOPOT:

N,,=f (SCI,N,Y) (8.2.1)
omov:

Nm:’ npoBksnéusvsg’aepowtmég derevoeig [LA.@ 10t kotd
mv Evapén e PYHATOONG,

SCI = dgiktng SopIKNG KOTAGTOONG,

N,,Y = péoog £tmMoc1og afpo1otikdg KuKAOQOPLaKOG POPTOG
(LA.®. 8.2t) KoTd TN ¥POVIKN SIAPKELL TG EPEVVOC.

Am6 to N kot pe omif daipeon pe 1o péco €moio
KUKAOQOPLOKO OpTO, Tpocdiopiletar n évapén g pnypd-
TOONG G€ YPOVIOL amd TNV APYIKT KOTACKEVT] 1) TNV TEAELTALN
enaveniotpmon tov odooctpodpatoc. H mopakdto oyéon
pocdiopilel v e£€EMEN TV pPNYHATOCE®V:
CI=A+B*X (8.2.2)
omov:

CI = pniypotooeig og pétpa (cracking index),

A kot B = mapdpetpot tov pHovtéLov Kot TpocdtopilovTal pe
doKpég,

X =1 MAiKio TOL 060GTPMLOTOG.

To avtictotyo mpocopoiopa tov PLATO (ko tov HDM
oto onoio Paciletar) eivar capdg mo mepimioko AapPd-
VoVTag VT’ QY TEPIOCOTEPESG TAPAUETPOVG. XTI CYECELS
OV aKOAOLOOVV S10KPIVETAL TOLOTIKA 1) SO TOL TPOGO-
potdpatog yio. TNy évapén kat v eEEMEN avtictoyo Tov
PNYHOTOCEWDV:

InCrack = f (N, Y, Cli, Drain, Base)
PrCrack = f (Cli, Drain, Base)

(8.2.3)
(8.2.4)

omov:

InCrack = évapén g pnypdtoong
PrCrack = g&éMén g pnypdtoong
Cli = KMpotikég cuvOnkeg

Drain = anoy£tevor 000GTPOUATOG
Base = €i6o¢ otpidong fdong

Inuewwvetol g ot aveotépo pnypatocels Cl ko
PrCrack agopovv cg 160d0vapovg deikteg pryldT®ong, ot
0moi0l KOl TPOKVATOLV OO CLUVOVAGUO SLAPOP®Y TOTWV

POYUADV.

8.3. [Ipocappoyn) TOV TPOGOUOIOUATOV

AmoutiOnkov opiopéveg mapadoyEg Yo TNV TPOCHPLOYH
OV TPOcOHO®pOTog Tov HDM-4 Adym g popeng t@v
ovAAeyBévimv otoyegiov. Ot pnyHaTOoES NTOV KoToye-
YPOUUEVES GE PETPA UAKOVGS, YEYOVOS OV A’ €VOG TapEYEL
ovpPatdémra pe to mpocopoiopa tov PARIS, ap’ etépov
OTOLTEL TN PETATPOTN TOVG o€ Povadeg eni g % tng ov-
VOMKNG EMPAVELNG TOV 030GTPOHATOG, DOTE VoL gloayHovv
ot0 Tpocopotdpate tov HDM-4 kot PLATO. O napadoyég
NTov ot akdAovbeg:

e Ot dwopnkelg poyués kotolopfavoov 0.75 pétpa mAd-
TOVGTNG A®Pidag KuKAOPOpiag.

* Ot gykapoteg poypég kKatahappavooy 1,0 pétpa mAdtovg
g Apidog KVKAOPOPIoG.

* Ot poypPES OMYOTOPIKNG LOPOTG KoToAapupavouy o 40%
TOV TAATOVG TNG Ampidag KuKAoopiag.

ITivokxag 2: Zyetikn oanokAion TPOCOPUOCUEVOY TPOGOUOIWUATOV
pnyudtwons PARIS, HDM-4, RIMS.
Table 2: Relevant deviation of the calibrated PARIS, HDM-4 and
RIMS cracking models.

ZXETIKA arOKAIon
(atr6kAion TTpoBAéWewV/IOTOPIKE OTOIXEIN)

MovTéAo OAa 10 €N TeAeuTaio £70¢
PARIS 11.94% 10.30%
HDM-4 47.22% 8.71%

RIMS 46.78% 8.69%

H mpocappoyn ftav og yevikég YpoppIES TKOVOTOUTIKY),
npénel va onuelwbel OUOC TOGC TO TPOGOUOIDUATO TOV
HDM-4 ka1 RIMS dev katdpepay vo dOGOVY amoTEAECLLO-
TOL KOVTO OTO TPOYUOTIKE KOTA TO TPATU TEGGEPA YPOVIaL,
mBavov eEottiog Tng LopeNG TG GXEGNG OV VIOAOYILEL TN
pnypétoon. Avt 1 oxéon divel TAvTa KOUTOAEG TOL GTPE-
(QOLV T KOTAO TPOG TO VM, EVA GTO 0SIKA TUNLOTO, OTOV
£YIVE 1 TPOGOPLOYT, Ol TPAYUOTIKEG PNYUUTMOCES GE GL-
VAapTnoN HE To Xpovo E8vav pio KOUTOAN LE TO KOTAo TPOg
T Kate. Kpifnke okdmipo, Aomdv, 1 Tpocapoyn va. Tpo-
oavaToMoTEL 0T pelmon g andkAiong Ta TeEAgvTaio £n,
070, OTTO{0, KOl TEAMKEL, OTIMG PAIVETOL KL OO TOV TOPATAVED
mivaKa, 1 TPOCAPLOYT] NTAV KOVOTOUTIKT).
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9. XYI'KPIXH ITPOXAPMOXMENQN
MNPOXOMOIQCMATOQN PHI'MATQEXEQX

H obykpion €yve og dV0 0d01Kd TURATA KATYopiog av-
TOKIVNTOSPOLOL, Ta 0Toi0 Tapovsiolay Paptd, S1@OPETIKT
OL®G KUKAOQOPio, KOOMG Kol SLOpOPETIKA YOLPAKTNPLOTIK
0000TpOUATOC (AGPAATIKN oTpdon 14 cm, otpdon Pdorg
oo appoydiko 30 cm yio to Tufpe 1 ko 15/ 26 avtictoya
Yo TO TUALO 2. ALOQOPEG VTLAPYOVY EMIGNG KoL OTO, OTOTEAE-
opoto tov FWD.)

Yta dwypappate 9, 10 dwakpivovtal ot TpoPAéyelg Tov
TPOGOLOIOHUATOV Y10t YPOVIKO SLACTNO OKTAETIOG. NUELD-
VETOL TOG 1 AmOTOUN aALayT| KAONG VITOdNADVEL TNV Evapén
™G PNYUATOONG Kot TPOEPYETAL OO EPAPLOYT TNG OYEONG
8.2.1. Mapatnpodpe (o ONUOVTIKY OTOKAIGT Kot 6To, 30O
odwd tpmMpata peta&d g «opddoacy HDM-4/RIMS kot tov
PARIS, pe tn oyetikn omOKAMON TOV OTOTEAECUATOV GTO
tehevtaio £10G G avaivong va mAnctalet to 45%. O mo-
popoteg mpofréyelg twv HDM-4 ko RIMS Bempntikd ivot
OVOLLEVOLLEVEG, OEQOUEVIC TNG GLYYEVELNG TOV TPOGOLOLMD-
PATOV TOVG. XT0 TAMIC10, OUMG GYETIKMV JEPYOCIDV TOV
CLYYPOPEDY TOV TOPOVTOG ApBpov, 1 aviAvon evalctnciog
oe UETAPOAEG TOL KLKAOQOPLKOD (POPTOV TOL LOVIELOL
pnypétwong tov HDM-4 pavépmoe pio aveAOOTIKT] GUUTE-
pLPOPA, deiyvovTog TG avTo gival THaVOV GYeSCUEVO Yo,
VYNAOVG KLKAOPOPLOKOVG POPTOVG.

OB K6 TuAUa 1

5 000 PARIS

g 500 HDM -4

o

g% 400 RIMS

S loTopI K&

53 30.0

3y 200

2c

g% 100

=

o 004 : : ; ‘ ‘ ‘ ‘ ‘

1 2 3 4 5 6 7 8 9

Xpovog (xpova)

Aigypopyo. 9: IlpoPleyn pnyuorcdoewv PARIS, HDM-4, RIMS,
001K0 TR 1.
Diagram 9: Cracking predictions of the PARIS, HDM-4 and RIMS
models, road section 1.
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Midypouuo 10: Ipofreyn pnyuorwoewv PARIS, HDM-4, RIMS,
001K0 Tunua 1.
Diagram 10: cracking predictions of the PARIS, HDM-4 and RIMS
models, road section 2.
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2xnue 5: Xyéon vmocvaTHUATWOV KO KOTOYPOPHS CTOLYEIWMY.
Figure 5: PMSs subsystems and data collection relation.

KaBdhg 100 001k TUqMATE TG GLYKPITIKNG OVAAVOTG
£QEPOV OTLLOVTIKT] KUKAOQOpPIa, 01 cUYYPUQElG Bempovv Tmg
av 1 AVEAVGT APOPOVCE KL GE 0OIKO TUNOL LLE YOUNAOTEPO
KUKAOQOPLOKO (pOPTO, Bol ONUELDVOVTOV GULOVTIKEG dL0(pO-
péc otic poPAéyel peta&h HDM-4 ko RIMS.

Eivar Befaing avTiAnmtd moc, ov TPOGOUOIDLOTO TPO-
COpUOCUEVO HE T 1010 akplBdg ototyeio. divouv TETOLEG
amoKMGOELG HETAED TOVG, 1 lcay®yn Tovg o€ Z.A.0. (6mov
VIEICEPYOVTOAL KAT EAAYIOTOV GAAQ 5 TPOCOLOLDUOTO LE
avaroyeg Swpopég) ouvemdyetar Kot efaymyn TEMK®OV
TPOTOVI®V LE CUAVTIKOTOTES dL0POPES, KAOIGTAOVTOG TO 1N
a&omota. Kpiveral oxdmipo va dievkpiviotel eniong mwog n
e&EMEN ohokAnpopévav X.A.0. arartel v aviamtudn Kot
AoV vrocvotpdTev (oyqua 5), 6mwc Pdoswv dedopé-
VoV, d1adKac1dV Katnyoptomoinong, adyopifuoy fertioto-
noinong K.d., avantoén n onoia yapaktnpiletat xpovoBopog
KoL 1010{TEPO OTOLTNTIKY GE TOPOVG.

Otav, Op®G, T0. TPOGOUOIDUATO TNG CLUTEPLPOPAS TOV
0000TPAOUOTOC, TOV OVCLUCTIKA OTOTELOVV TN Pdomn Tov
GLGTNHOTOG, OEV AELTOVPYOVV COGTH Kol 0SOmIGTe 1) OTOV
TO GUGTILLO. KOTAYPOPTG TOV GTOLYEIMV deV Aettovpyel emap-
KOG KOl IKOAVOTOMTIKE, TO GOGTNIO TPOPAVAG OEV TOPEXEL
a&omoteg TpoPAEVELC.

10. TIPOBAEYH ENAIIOMENOYXAX
ATAPKEIAY ZQHX

H ypnowédmra tov deiktn Evamopévovcoag Atdprelog
Zong (E.A.Z.) o dwoyeipion 0docTpopdtov eivol dedopé-
V1, 0oV cuyvd amoteAel To Pacikd deiktn wov Aopfdvetat
VIOYN GE OVOADCELS GTPUTNYIKOV EMTESOV, OTWG TT.). O GY1)-
HOATIOUOG OVTITPOCMAEVTIKOD KOGTOVG GUVTIPNONG 0dIKOV
OKTO®V Kot 1 a&loAdYNoN TOL VYOVG TOV GYETIKOV KO-
otpov [2, 3, 17, 19]. EmumAéov, umopel va Bpet epappoyn Kot
o€ £pya GLUPACEDV TOPUYDPNOTG, OOV 1 (POVIKT SIPKELL.
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¢ ovppacng kvpaivetor cvvifog ota 20-30 ypdvia Kot
petafifalet tnv eoBHVN TG GUVTHPNONG GTOV AVASO0YO.
Avayvopilovtag ta mapardve entyelpndnke va yivel o0-
YKPLOT) 10TOPIKGOV oTotyeimv kot Tpofréyewv g E.A.Z.
I t0 okomd avtov emdéydnke to .A.0. RIMS, kaf’ 611
aviKel o€ pio oAtyopedn «opdadon X.A.0. pe ™ duvototnta
vroloyiopov g E.A.Z.

SNP-Evatropévouaa Aidpkeia ZwAg
8 7
7 /
: /
o 5
5 =
3
2 s
1 ‘ ‘
0.001  0.010 0.100 1.000 10.000 100.000 1000.00
0
Evamopévouoa Aidpkeia Zuxig (IAD 8.2t)

Micypoyyo 11: Zyéon SNP-E.A.Z., wnyyn: [17].
Diagram 11: SNP-Structural Remaining life relation, source: [17].

O vmoroyiopdc g E.A.Z. Baciletor otov an’ gvbelog
ovoyetiopd tov deiktn SNP pe tig evanopévovceg enttpe-
ntég derevoelg LA.@. Xpnowonoidvrag 1o ddypappe 11
vroloyiletar pe amin dwipeon n E.A.Z. Ta dg kprtipo yio
) Bedpnon e MEng {ong Tov 0606TPMLOTOG 0KOAOVOOHY
TOVG KAAGIKOVG VOHOLG TG Mnyovikng mov opifovv v
actoyio v vAkedv. H oyxéon Paciotke oe peléteg mov
Eapav yopa otig dunrmiveg, ) Aavia, v Avotpaiia,
v EALGSa aAAG ko TV yevikdtepn epmepio. Ocov apopd
otV éktoor g eBopdg, avt) Aappdvetot v’ dyv pHECW
tov ovvteheotn EF, ot Tyég tov omoiov e&uptdvral, extog
GAA®V, amd TNV €KTOOT TOV PNYUATOCEDY Kot AOKKOLPdV
(% g cvuvohikng empdvetog - oxéon 10.1). O deiktng SNP,
(xpovikn otrypn k) e€optdran pe ) oepd amd Tov avtioTol-
YO TNG YPOVIKNG GTIYUNG 1 Kot amd TIG OVTIGTOXES TILEG TOV
ovvteheot EF (oyéom 10.2).

EF =K {1-(1—exp(a,0.5MMP ))/a(1-a,DF )(1+a,ACRA +
a, APOT)} (10.1)
SNP,/ SNP, = EF,/ EF, (10.2)
omov:

EF,= IlepiBaitovtikh cuvéptnon katdotaong “i”.

K, = Zvvtereotig mpocappoyng Kotdotacns “i”.

MMP, = Méon pnviaia Bpoydntmon (mm) kotdotacns “i”.
DF, = Zvvteleotiig anoyétevong.

ACRA = Prypotmpévn emedveia o€ 6x£0M UeE TN GUVOMKT
EMPAVELD. TOV TUNROTOG (%).

APOT = Emgdveio tpocBefrinuévn and Aoxkovfeg oe oyé-

o™ L€ T1] GLVOMIKT EMPAvELD TOV TUHOTOG (%).
a,a,a, a, a,= LOVIEAECTEG HOVTELOV.

H avdivon éywve oe tuqpa 0dikod dikthov evidg g
eupOTEPNG TEPLOYNG TNG ATTIKNG LE YPOVOAOYiD KOTO-
okevng odootpdpotog to 1989. I ™ Aertovpyio Tov
GLYKEKPLUEVOL TPOGOLOLMUOTOG AmatTiOnKay o cuvion
KUKAOQOPLOKA GTOLYELD, TO TAYN TOV CTPDOCEDV TOL 000-
OTPONOTOC KaBMG Kot otoryeion oyeTikd pe tn ebopd tov
0000 TPMUATOG Yo TO £T0C gkkivnong tng avdivonc. Ta
ototyelo cvAAEYONKay éneita and épevva oty Tpdamnela
Agdopévov tov Topéa M.ZY. tov E.M.II. AroutnOnkov
OPIOUEVEG LETATPOTES Kol TAPOUOYEG, MOTE Vo EloayHovv
T0. TOPATAVEO GTO TPOGOUOTWLOL:

1) Metatponn tov LA.O 13 t 6e LA.®.8.2 t."Eywve xprion g
TOPAKAT® oyéomng amd 0dko neipapa tov AASHO [19]:

K=(L/L_)*

TUT

(10.3)

omov:

L_ .= ¢optio 4éova 8.2 ¢,

L = ¢goprtio d&ova 13 t,

k = ovvreleotr|g tloodvvapiog.

2) 80 % T®V GLVOMK®OV KUKAOQOPOOVI®V Papi@v oynuitov
KuKAoQOpEl 6T APIdo YOUNANG TOYVTNTAG.
3) Emow avénon koklopopiog 4%.

Ta anotedéopata g avdivong g E.A.Z. mapovoialo-
vtat 6710 Sudypoppa 12 poli pe ™ @oToypapic Tov 061KOL
Tunqpatog (2003). No onpeiodel Tog T0 GUYKEKPUEVO [LO-
vtédo Tov X.A.0. RIMS ypnotponotet tig Pactkés apyég e
avoALTIKNG peBddov vroroyiopod e E.AZ. [3].

Hopatnpodpe Tog yro to €10 2003 n E.A.Z. mpoPAréne-
T oo 10 RIMS g eivat oktd €. Ztnv Tpaypoatikdtnto
OLMG Kol OT®G QOiveTol Kot amd T eotoypaia 1 (2003),
N Aopida Baprdg kukropopiog epeavilel onpavTiKés pny-
patdoelc. Emmléov kot 0nmg dtakpivetol otn potoypapio
2, n derypoToAnyic. TOL TPOYUATOTOONKE, QOVEPDVEL
TNV OAIKN KOl SLOUTEPT PYULATOOT OV £XEL VIOGTEL TO
OUVOAO T®V ACQPOATIKOV oTpdoewv. Ta otoygio avtd,
EMPOAVELOKA KOl 1), VTOINA®VOLV OTL TOVAGYLOTOV TO
aoQUATOLY O £yl VTTOOTEL KOO [3] Kot EMOUEVDG dev
&xel mepioola evamopévovoa didpketa {mng, o€ avtiBeon
pe tig TpoPréyelg tov RIMS.

H dwpopd tov oktd etdv peta&d g mpdPfreyng tov
32.A.0. RIMS ka1 TV 16TOpIKOV 6TotXElmV givarl peydan Kot
Quowd Bo glye kol cofapég GLVETEIEG GTO TEAMKO KOGTOG
ouvTipNong. Av avtn 1 TpoPieyn gixe Anedel v’ Oy 6TO
TPOYPOLLLO. GUVTINPNOTG TOV 0JIKOD TUALOTOG, 1 appodia
vinpecia Oa oyediale vo eméuPel my. t0 2006 KooTOAO-
YOVTAG TN GLVINPNOT GVOAOY®OG Kot TNG TPOPAETOUEVNC
KOTAOTOONG TOV 0000Tp®ONATOS. O T0 080GTP®LLO. TO
étog 2006 oty mpaypatikotnTa o giye KoTooTpAPEl, TOL-
AdyroTov Aeltovpyikd, Kot Adym g exBeTikng e&€MEng g
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@Bopdg tv 0dooTpopdtOV [4] TO TPAYHATIKO KOGTOG GU-
vpnong 6o ftav ToAY PeyoATEPO TOL TPOPAETOLUEVOL.
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Miaypoyyo. 12: [pofreyn E.A.Z. tovo RIMS yia 001x6 tunuo.
Diagram 12: Structural Remaining Life perdiction by RIMS, of a
particular road section.

Dwroypagio 1: Kardoraon tov vro eféroon 0000tpduarog 1o £tog
2003, wyyn: Tpdmelo Aedouéveov T. MLX.Y, E.M.II.
Photo 1: Pavement condition in 2003, source: Data set Laboratory
of Highway Engineering, NTUA.

Dwroypogio 2: Astyuorolnyio (kopoto) omo to vro eEétaon 0diko

qunuo, étog 2003, wnyyn: Touéagc M.2Y. E.M.I1.
Photo 2: Core obtained from the investigated road section, year
2003, source: NTUA.

[pénet, eniong, va onpewwdel mowg N andtoun oAroyn
KAiong oto teAevtaio £In Tng avdAvorng oeeileTol GTO
YEYOVOG OTL TO TPOCOHOIMU VTOBETEL TG GTO 0000TP®-
po ektehobvion Poacikég epyacieg cvvtnpnong, 6tay ovtd
eBaver ota 6plo e E.AZ., dote va unv katappedoet [20].
H vroBeon ot dev anéyel ToAd and TNV TpoyUaTIKOTN T,
KaBdg eival cuyvo To PALVOLEVO GOPAdIKAV emepPdoemy
GT0 030GTPAOUATA, OTOV QVTA VAL ELEOVAS YNPOCUEVE, Ol
omoieg Kol KaBuoTEPOHY EAAPPMG TNV EXEPYOLEVT] AGTOYIOL.
O puBuog emPpddvvong e actoyiog Aoym g vIoHeong
VTG, KaOMOG €MIONG KOl 1 GMOUAKPLVGT TNG OMOTEAODV
avtikeipevo épguvag ev e&edifel otov TMLE.Y. tov EMLIL.

Tveton Aowmwdv avTiAnmtd Tmg omotteitol TepoITEp® eEE-
MEMN Kol TPOGAPUOYT TOV GUYKEKPYLEVOD TPOGOUOIDLLOTOG,
®OTE TO AMOTEAEGUATE TOV Vo GVUPadIfovV e TNV POy Lo~
TiKOTNTO. Q0TOG0, TPENEL VO oNUEL®OEL TG 1 TPOPAEYN TNG
E.AZ., Moyo g e€dptnong g omd v e&€MEn OAov TV
TOnOV EO0PAC TOV 0300TPOUATOV, OTOTELEL TO TEAEVTAIO
otado e€EMéEng tov X.A.0. kot amaitel pokporpdbeoun
GLAAOYN Kol CLYKEVIpOOT TANBoVG oToyElY, KoM Kot
€OMOYO YPOVIKO SIAGTNLO YO TNV OPLOTIKT pubon oAV
TOV GUVTELEGTAOV KOl TAPAPETPOV TOV TNV EXNPedlovv.

11. TEAIKA XYMIIEPAXMATA
KAI ZXOAIA

H mpocopoinon g cupumeppopdsc Tmv 0806TpOUATOY
YPNOHOTOIDVTOG aVOAVTIKG gpyaieia givar pio Witepa
TOAOTAOKT VO0eoT. Ta LAIKE, TOL YPNOLUOTOLOVVTAL OTO
0000TPOUATA, YoPAKTNPILoVTOL amd EAACTIKEG KOl TANCTL-
KEG TOPAUOPPDGELS, EIVOL AVIGOTPOTA KOl 01 GYEGELS TOL TO.
diémovv, gival kupiog un ypoppukés. [1, 2, 14, 21].

Avtifeta, T0 TPOGOUOIDUOTO, TOV CTLEPT XPTCUYLOTOL-
00VTOL GLYVA GTOV TPOGOLOPICUO TNG CLUTEPLPOPAS TOV
0000 TPOUATOV, KAVOLV YPNON YPOULUK®OV GYECEMV, VTO-
0£T0VV ELOOTIKT GLUTEPLPOPA TOV VAIKGV Kol Be@podv Ta
VAKA wotpoma. Emopévag, ex mpooiov vrdpyet ofeporod-
TNTO ®G TPOG TNV EYKVPOTNTA TOV TPoPAéyewv. [1, 21]

Eivay, emiong, yeyovog mwg 1 minbopa X.A.0. dvcko-
Agvel TNV emiAoyn amd TG aprOdIEG VINPEGIEG KATOLO0L OAO-
KANPOUEVOL GLGTIHHATOG Yo VIOBETNON KOl EPOPLOYT GTNV
EALGS0. A@’ evOg anTd Tov 1oybvEL og hAeg yxdpeg TG E.E.
kot tov H.ITA. givat 6Tt yivetot ypnor tov «eBvikdv» Toug
2.A.0., k4t Tov dev cupPaivel oty EALGSa. A’ etépov 1
ENheyn emapkos epmelpiog o€ ovtd To BENA KoL 01 EAGYL-
oTEC HEXPL TOPO amomelpeg agloloynong X.A.0. and popeig
Kkaf1otovV TV emhoyn dVoKoAN. Me dedopévn pdAloTa T
Sbecipotto oty ayopd t6co X.A.0., IOV KAADTTOVV TTE-
PLOPIGUEVO QPACHLOL OVAYKAV KOl £XOVV TOTTIKO YOPOKTIPA (LLE
v évvola 0Tt £xouv eEehyBel Yo cLyKEKPIUEVEG GLUVONKEG
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Kol EMOUEVOC OgV €lval KOTAAANAO Y10 OAEG TIC TEPUTTM-
0€15), 660 KOl GAA@V oL amevBOVoVTaL GE PEYAADTEPO KOL-
vo (ka1 oV gvéYovy Tov Kivouvo g €E0y@YNg avaKpiBmV
wpoPréyemv), N vioBéton evog X.A.O. yio ) Swyeipion
NG GLVINPNOTG TOV 0OIKAV SIKTOMV OToLTEL TPOGOYN Kot
vrevBouvotnTa.

Y10 mhaiolo g epyaciog mapatnpnOnkKe 6Tl opiouéva
TPOGOUOIDNOTO EREAVIOVV TEAEIDNG AVEAOGTIKI] CUUTEPL-
@opd o€ PETAPOAEG TOPAUETPOV TTOL ENTPEALOVY TO LEYIOTA
™V @B0opd TOV 0600TPOUATOV, OTMS 1 KuKAOPOpio Kot Ot
Khapaticég ovvinkeg. Katéom de capéc mmog ot dopopég
010, TEMKA TTpoidvTa tov X.A.0. eapTdvTal GNUOVTIKE ord
TOL TPOCOLOIDUATO KOl TIG TPOPAEYELS TTOL AVTA TAPEYOVV.
H npocappoyn «devtepov otadiovy (€0Tm kot HePIKN AOY®
EMLeYNG oToXEI®V) TOV EMUEPOVG TPOCOLOIOUATOV PTY-
HATOOoNG 08V EUTOOICE TNV EUPAVIOT OTLOVIIKOV Ol0pO-
POTOCEMV Kal, KOUBDG OV GUVTPEXOVV AOYOL AVASTPOPTG
g edvag 6To VOO Tpocsopoldpate Tov X.A.0., ot
SlPOPEG OTO AMOTEAECLOTO TOV TEMK®V TPOIOVIOV TOVG
glvan avopevopevegs.

"Eywve emiong @avepo, nmg dev glvat SuvoTov vo EQapLo-
oToOV TAMNpmg Ta L.A. yopic va €xel mponynbel pio cvotn-
LLOTIKY KOl EKTEVIG O1001KaGT0 TPOSUpHOYNG 1} Kot eEEMENG
TOV TPOGOUOIOUATOV TOVS, 1 OToie amontel 16TOPKd GTOL-
yelo yo T pBopég Kar TV KukAogopia omd TAN00G 0diKdV
TUNUATOV.

Ta TpocoOpHOIOUOTO Ylo. TN AEITOLPYiD. EKEIVOV T®V
2.A.0., mov YPNGYOTOOVV GYECELS OO TN UNYXOVIKH TOV
VAK®V, omotodv ototyeios Onmg 10 HETPO EAAGTIKOTNTOG
Ko To, TAYn TV otpocemv. EmmAéov anatteitol oyeTikn ep-
YOOTNPLOKN 0VOALGT, GTOLXEID TOL CLAAEYOVTAL KUPIWG LE
detypotonyio. Avt 1 dwdikacio Tapovotdlel GNUAVTIKO
K0010G [4] 0ALG Kot onpavTIKEG dVOKOAiEG €l TOMOL TV
0IKAV TUNHATOV KoL TPOKTUKE ivart eopeTikd SVGKOAO va,
EPAPUOCTEL GE PeyGAn KApoKaL.

Eriong, e€outiog g dopopdg ota amaitovpeve oTotyeio
Yo T AELITOVPYIO TOV TPOCGOUOIMUAT®V EIVOL GKOTLLO, TPV
amo v évapén g cLAAOYNG oTotyEimv, va €xel 1N amo-
(@ooloTel Tolo Tpocopoinpa Ba yproyorombel 6to TAaiclo
evog Z.A.0. ot0 péAlov. Avtod gival amopaitto, GoTe va
pewwbobv 610 €AAYIOTO Ol OMOIEG OVOYKOIEG WETATPOMES
KOl EKTIUNCELG OTOEIMV, TOL TAVTA GAAOLDVOLV, £GTM Kot
Alyo, TNV TPAYHOTIKT KOTAGTOCT).

Yuvapo Tpémet va onpelmbel Tmg TuyOV €yyevn HElove-
ktpata tov Z.A.0. Kol TOV LOVIEA®Y TOL 0VTA TEPLEYOVV,
OT®G M ATOVGIN TAPUUETPOV CYETIKAOV LE TI] LETAPOA TV
KMUOTIKGV GUVOTKOV TOL GUVETAYETAL KOL TNV GYETIKN OVE-
AooTikOTNTO, deV dVVavTaL VO AmOAELPBOVY OAOKANPOTIKA
pe ) dadkacio g tpocappoyng [1].

Y7rd avtég i ocuvinkeg, Aoudv, KpiveTor amapaitntn
N vwoBétnon piog HaKPOYPOVIOS GTPOTNYIKNG HE GKOTO TN
GLAAOYN KOl amoBNKEVON GTOWEIOV CYETIKAOV LE TO 00K
diKTLO, OTMG KOl 1 OPYAVAGCT] TNG OTOLTOVUEVIG TEXVIKTNG
VTOJOUNG.

Eivar {owtikng onuaciog mn idpvon edroyov apiBuov

TEWPANOTIKOV 0dtk®dV Tunpdtov (L. T.P.P. sites) 6émov Oa
YivOVTOl GUOTNHOTIKEG LETPNOELS TNG KATAGTAGNG TOV 050-
OTPOUATOV KOl TG KUKAOQOPING, DCTE VO KOTAGTEL duvaTn
N €@aproyn kot 1 e&EMEN Tov KATAAANAOTEPOL Yio PO
oTIg EAMMVIKEG cuvOnKeg Z.A.O.

H dpeon évapén g cviioyng otoyeimv yivetol emita-
KTk, ov ANedet v’ dyiv 0Tl onuavVTIKG 00Kd Epya. Eyovv
Non mapadobel oty KuKAoPopia, (TOL cLVETAYETUL OVAYKT|
Slayelplong Tng oLVTHPNONG TOVG GE GUVTOUO YPOVIKO S1d-
omuo). Emmiéov, givar yeyovog 611 mANpng epoppoyn Kot
Aertovpyio Tov X.A.0. dev pmopet va EEKvoEL TPV amd TV
TApodo 5 ToLVAdYIETOV €TMV OO TNV Evapén TG CLAAOYNG
Tov otoyeiov, pio Kafuotépnon ovTNG GLVEMAYETOL Kot
amdAelo ™G duvatotntag ypnong Z.A.0. oto mhaiclo g
GULVTPNONG QVTAG TNG «YEVIAG) 0dKAV dikTOwV. [Ipopavdg
N Ymopén oOyypovng TeXVIKNAG vodoung eivar amoapaitnt,
MoTE To GLAAEYOLEVO oTOLKElR VO Elvar aSOmIeT Kot akpifn
Kot ot Suvorotntes Tov Z.A.0. va a&lomotovvtot TAPwG.

Ziyovpa 10 KOGTOG LI0G CTPATNYIKNG CUGTNLATIKTG KO-
TayYpaPNG oTol El®V eivar peydAo, mpénet Op®S va BempnOei
VIO TO MPIGHO LLOG ETEVOVONG, TOL GTO HEAAOV B TPOCQE-
peL onuavTiKn £okovopnon Topmv.
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Extended summary

Preliminary Evaluation of Pavement Deterioration
Models for Pavement Management Systems

A. LOIZOS
Associate Professor N.T.U.A.

Abstract

The paper focuses on the scientific field of Pavement Management
Systems (PMS), in an attempt to preevaluate and conduct a
comparative analysis of incorporated models and end products.
Taking under consideration the necessity of their usage in the
management of road networks, through this paper various problems
and weaknesses that these systems and their models bear are
projected, in addition to a comparative analysis of the end products
of three representative PMSs, the PERS, HDM-4 and RIMS systems
respectively. The results of the analysis led to the reorientation of
the paper in order to address the cracking models. The comparative
analyses that followed included the corresponding models of HDM-
4 and RIMS, together with the cracking model of the well-known
European program, PA.R.LS. The results of the analysis underline
the need for immediate and systematic collection of road-condition
data, in order to facilitate the development and calibration of PMSs
under the particular Greek conditions.

1. INTRODUCTION

Given that a significant part of the programmed
road-construction projects in Greece have already been
completed, an appreciation of the maintenance activities
that will be required is clearly of great importance. This
is a process to which most countries of the E.U. subscribe
high priority; however, in Greece repair policies tend to be
applied only after the pavement has suffered severe damage.
This policy is definitely not efficient [1,2,3], mainly due
to the pavement’s deterioration rate against time and the
additional maintenance costs that a delay of repair works
brings [4] (diagrams 1, 2). The use of PMSs enables us to:

a. Manage the road networks. It is possible through a po-
werful database to retain information about any road
section regarding materials that have been used, the traffic
characteristics, the technical specification of the vehicles,
and of course the up-to-date condition of the pavement.

b. Predict deterioration over time, which gives the option of
repairing promptly.
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c. Evaluate various alternative scenarios of maintenance
activities and choose the most effective.

All the above result to a spectacular reduction in
maintenance costs. The basic principal structure of a
contemporary PMS is shown in figure 1, and includes:

a. Database: All data related to the road networks are stored,
including condition, traffic and vehicle data.

b. Deterioration models: responsible for the prediction of the
pavement’s deterioration against time.

c. Optimization algorithm: responsible for
alternative solutions..

assessing

2. TODAY’S STATUS

Nowadays, a wide variety of PMSs is used in many
countries, including the US, countries of the EU, Australia
and others. Table 1 [5] is indicative of the trend in EU-
countries. It should also be stressed that the above countries
use systems developed by regional scientific institutions.
Unfortunately, until now few attempts have been made to
implement such systems in Greece, see [6, 7, 8,9, 10, 11, 12],
among others, all of them limited to a strictly academic level.
It is therefore obvious that dif-ficulties exist in the selection
process of PMSs for use in Greece, and this paper aims at
a preliminary evaluation and comparative analysis of three
PMSs and some of their incorporated models. A selection of
representative PMSs was made and it was decided to include
in the analysis the PERS and the HDM-4 systems. The former
was developed under the supervision of professor P.Ulidtz
(Copenhagen University and Dynatest [1, 12, 13]), while the
later is a product of the A.R.R.B. (Australia Road Research
Board), World Bank and University of Birmingham [14]. The
third system to be selected was RIMS, which is still under
development by NTUA, and ARRB [8],[15]. Their basic
structure is shown in figures 2, 3 and 4.
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3. SENSITIVITY ANALYSES

Prior to the comparative analysis of the PMSs’ end pro-
ducts, sensitivity analyses of the deterioration models were
conducted. In these analyses, the effects of the variations
in parameters, which affect directly the pavement
performance were illustrated, providing an initial view of
the capabilities and weaknesses of the models [16]; in other
words, whether they would be able to successfully predict
performance in all kind of pavements, under variations in
traffic volumes and climatic conditions. Diagram 3, which
relates to the HDM-4 roughness model, shows normal
behaviour since a distinctive increase in the roughness
levels with traffic growth is evident. Diagram 4 (PERS
corresponding model) shows far more “rigid” behaviour
with minimal sensitivity.

In diagrams 5 and 6, the sensitivity analysis under
climatic condition variations of the RIMS and HDM-4
cracking models are depicted. Diagram 5 (RIMS) illustrates
an impressively elastic behavior, predicting intense cracking
within regions bearing significant presence of water or/and
low temperatures.

In contrast, the corresponding model of the HDM-4
system presents a much more “rigid” behaviour, predicting
the same crack progression regardless of the the climatic
conditions changes.

4. COMPARATIVE ANALYSIS OF
THE HDM-4 AND RIMS SYSTEMS
END PRODUCTS

Diagrams 7 and 8 provide the prediction of the total
maintenance costs, as generated from the RIMS and HDM-
4 systems and refer to a highway and a National Road
section respectively.

The differences between the pre-dictions are quite
striking, to the extent that a projection of the results to a
network of about 680 km (such as, for instance, the Egnatia
Motorway network) would result in a difference in the total
maintenance cost of 17 million Euros. It should be noted
that bigger differences would apply to a regional road
network of the same size.

It was this differentiation that prompted a further
investigation of the responsible parameters. For that
reason, the research was re-orientated towards the cracking
models, mainly because of their significance in terms of
pavement performance, but also because of the available
cracking data.

The comparative analysis concerns the HDM-4 and
RIMS cracking models, as well as the corresponding
model of the European program PARIS, data for which are
provided below.

5. COMPARATIVE ANALYSIS
OF CRACKING MODELS

PARIS [17] is a European program in which 15 countries
of the EU took part, including Greece, which participated
through the NTUA. The aim of the programme was to produce
simple models, anticipating their incorporation within a
complete PMS. It should be noted that PARIS is certificated
by the European research program R.I.M.E.S. [5]

Before the comparative analysis, the three cracking
models were intensively calibrated using cracking data
provided by the NTUA’s data bank, under the “trial-
and-error” method. The calibration procedure was quite
successful, as shown in table 2, especially regarding the
results for the last year of the analysis

Diagrams 8 and 9 show the results of the comparative
analysis in two different road sections bearing heavy traffic.
The predictions of the HDM-4/RIMS group on the one
hand, and those of PARIS on the other, differ considerably,
deviating by approximately 45% in both sections.

It is therefore obvious that if the calibrated models
dif-ferentiate at such level, their introduction into a PMS
where many other models co-exist will probably lead to end-
products, that is, total maintenance costs, with significant
differences, rendering them unreliable. And since the
development of a complete PMS demands the existence
of many other sub-systems (figure 5); such as databases,
optimization procedures and so forth — a demanding project
in financial and time-dimension terms - it is meaningless if
the deterioration models, or the data collection system, do
not work properly.

6. PREDICTION OF REMAINING LIFE

Given the significance of pavements’ remaining life (RL)
in the road network management, an attempt to com-pare
RL results generated by PMSs took place. The RIMS system
was chosen for this role, since it is one of only a few PMSs
that are able to generate such results. The analysis concerns
road sections within the Athens network. The necessary data
were provided by the NTUA’s data bank.

Diagram 12 illustrates the results generated by RIMS,
while photo 1 presents the pavement condition in 2003.
The prediction for year 2003 is eight years of RL; however
as shown in photo 1 the pavement suffers from extensive
structural damage. In addition, in photo 2 the total and
pervasive damage to the asphalt layer is visible.

Although the RIMS system is under development, these
differences between predicted and historical data imply the
need for further development and calibration. It should be
noted, however, that the prediction of the remaining life, due
to its dependence on various deterioration forms (cracking,
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roughness, rutting and so forth), is the last stage of a PMS
development, requiring long-running data collection in
addition to reasonable time for the fine tuning of the relevant
factors and coefficients. In any case, research regarding
this model is being continued within the department of TP,
N.T.U.A.

7. CONCLUSIONS

The modelling of pavements’ behaviour is a particularly
complex project, mainly because of their non-elastic and
non-linear nature [1, 2, 13, 21]. And since today’s models
and systems use relationships that are mainly linear, their
results tend to be doubtful [1, 21].

It is also a fact that the plethora of the available PMSs
complicates the selection of one for implementation in
Greece, mainly because of the local lack of knowledge and
experience.

Furthermore, some models (HDM-4 cracking model,
PERS roughness model) demonstrated an extremely
inelastic behaviour during the conducted sensitivity analyses
while the significant differences in the end-products of the

PMSs seem to derive from their deterioration models.
Lastly, it must also be made clear that the implementation
of a PMS cannot be successful before an extended calibration
process of its models has been completed, which in turn
demands the availability of an extensive database of road
network. Particular attention should also be paid to the
degree of realistic model predictions prior to their calibration

[1]. Sensitivity problems may demand inner corrections,

which a calibration process usually can not address.

Under these circumstances the following are considered
as indispensable:

* The adoption of a long-term strategy aimed at the collection
and storage of data regarding road networks, together with
organization of the necessary technical infrastructure.

* The immediate initiation of data collection. Since most
road networks are already constructed, soon they will be
needing maintenance and given that the implementation
of PMSs can only begin five years post data collection
imitation, any delay may lead to the loss of the opportunity
to manage this generation of road networks using PMSs.

PMS is a relatively new concept in Greece, and their
implementation and establishment can only come through
extended usage and development.
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