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NMPOAOIOZ

OAokAnpwvovTtag tnv lMtuxiak Epyacia poag aioBavépaoTte Tnv avaykn va
euxapiotiooupe Tov EmRAéTTWY KABNyNTA TNG TTapoucag lNruxiakng Epyaciag, tov
KUpIo Zapavtotmroulo Avdpéa, kabnynti AékTopa e@appoywyv oto TUAMA ToAITIKWV
Mnxavikwv Tou lMavemioTnuiou MeAoTTovvAoou, yia Tnv TTOAUTIUN BorBeia TTou pag
TTPOCEPEPE KATA TNV SIAPKEID EKTTOVNONG TNG £PYACiAg, yia TN ouvexh KaBodAynon
TOU KQI TNV UTTOUOVI) TOU.

Etiong Ba BéAape va €uxapIOTACOUKE TOUG, KUPIO AUKOUPYIWTN ZWTAPN WG
TTPONYOUUEVO ETTIBAETTWV TNG €pyaciag pag kal Tov kabnynti Rui Micaelo ammé 10
TPOypappa Erasmus, yia Tnv ouvelo@opd Toug Kal Tnv KaBodriynon Toug .

lMarpa, IOYNIOZ 2020



NEPIAHWYH

AvTikeiyevo Tng Trapoucag lMTuxiakrg Epyaciog eival n Trapoucioon kai n
avaAuon Twv PJEBGOWV PEAETNG KAl KATAOKEUNG Twv 0dooTpwudTwy oTn MNMopTtoyaAia.
H emAoyr| Tou B€éuaTtog £yive AOyw TNG CUMMETOXNG JaG OTo TTPoypapua Erasmus.

270 TTPWTO KEPAAQIO TTapouaiadovTal BaciKoi opIouoi ue BEPa TNV 0dOoTTOIia.

21N ouvéxela, To OeUTEPO KeQAAaIo €0TIAlel OTIC POOCIKEG €VVOIEG TWV

0000 TPWHATWY Kal TNV dOUA EUKAUTITWY 0000TPWHATWY.

210 TpiTo KePAAalo Trapoucidlovial ol PéBodol oxedIOONOU EUKAUTITWV
0000TPWHATWV.

270 TETOPTO KEQAAAIO cuvoyilovial oTov OXEOIOONO OO0CTPWUHATWY OTNV
MopToyaAia.

270 TTEUTITO KEQAAQIO TTAPOUCIAZETAI N TTEPITITWON WEAETNG.

TéAOG, OTO €KTO KEQPAAQIO QQIVETAI N OIKOVOUIKF) avaAucn 0d0CTPWHATWY TTou
ekTTOVNONKE O€¢ dUO TTEPIOXES TNG MNopToyaAiag.



Y1meubuvn ARAwon @oiTnTwyv:

O1 KaTWwOI uTToYEYPAUUEVOI OTTOUDBAOTEG £XOUME ETTIYVWON TWV CUVETTEIWV TOU
Nopou 1Tepi AoyoKAOTTAG Kal dnAwvouue uTTeUBUVA OTI EiHACTE CUYYPAPEIG AUTHG TNG
Mruxiakig Epyaoiag, avalauBdavoviag Tnv €uBuvn €1Ti OAOKAAPOU TOU KEievou,
éxoupe e avagépel otn BiBAloypagia pag 6AEg TIG TINYEG TIG OTTOIEG XPNOIKMOTTOINCAUE
Kal AaBape 10éeg 1) dedopéva.

AnAwvoupe etriong 611, OTTOI0ONTIOTE OTOIXEIO N KEIUEVO TO OTIOI0 €XOUNE
EVOWMATWOEI OTNV €pyacia pag Trpoepxouevo ammo BIBAia 1 GAAeg epyaoieg ) TO
01adiKTUO, YPAUMEVO OKPIBWG 1 TTOPAPPACHEVO, TO EXOUNE TTARPWG avayvVwPIioEl WG
TIVEUPATIKO €pyo AANOU OUyypa®Ea KAl £XOUME ava@EéPEl AVEANITTWG TO GvOoud TOU Kal
TNV TTNYN TTPOEAEUONG.

O1 poITnTég :

NMAMMNAGANAZH
AEZINOINA

20llA
AAEZANAPA



MINAKAZ NMEPIEXOMENQN

MPOAOIOX 2
MEPIAHWH 3
MINAKAZ MEPIEXOMENQN ... .ttt ettt ettt et e e et e eeeeeeeenens 5
KEDAAAIO 1: , EIZAIQr'H - OPIZMOI
1.1 Eloaywyn - INtrodUCTioN ... viee it ii e e e e ee e eeeeeeeeneeaes 7
1.2 Optopoi / OpoAoyia - Definitions / Terminology......c.eeveeeeiirieieenieennnennn. 8

KEDAAAIO 2. Baoikég €vvoleg Twv 0dooTpwHdtwy - Basic concepts of road
pavement 25

2.1 TOmol 0000TPWHATWY - Types Of PAVEMENES ..vvvrrriiiiieieeeineiieeenenns. 25
2.2 Eukapnta odootpwpata - Flexible pavement .......ooovvviiiiiiiiiiiiinnnnn... 26

2.2.1 Aopn sUKapumTwy 0dooTpwHdtwy - Pavements structure of flexible pavents.
27



2.2.1.1  EMpavelakn oTpwon - SUrface CoUrSE ....ovvvvrerreeieenneenneenneennennn. 27

2.2.1.2  ZTPpwon BACNG - Base COUMSE....uvriiitiiiiitiieeieeieeieeeieeaeennanns 28
2.2.1.3 Ztpwon utioBAoNG - SUDDAase COUISE....cuuuririiirinirinireieeaneennennnenns 29
2.2.2 AGQAATIKA Piypatd - Bituminous MiXtures .......eeeeeereiinieieenieennenneenns 30
2.3 Akapma 0000TpwHATA - Rigid Pavement ......cvvveiiiiiiiiiiiiiiiiieeeeeaeens 30

2.3.1 Aopn dkapmtwy 0000TPWHATWY - Pavement structure of rigid pavement..31

2.3.1.1 EMUPAVELD - SUMACE ...ttt it i e ee e i e eeie et eeneeeeeennennns 32
2.3.1.2 ZTPpwon BAGCNG - BASE COUMSE ...uiiitiiitiiitiiitiiiiie et ieeeieenneaaens 32
2.3.1.3 ZTpwon utidBaoNG - SUDDASE COUISE ..uvviriiiriiitiiiiiieiieeeeeeeeanenns 34
KEDAAAIO 3. MéBodol oxedlacpoU EUKAUTTWY 0000TpwHATWY -Design

methodologies for flexible pavements ......coviiiiiiiiiiiiiiiiiiiii it 34
3.1 M€B0OOAOYIA - MEthOdOLOGY .. euveninneniineiieie et e e enees 34
I Y1 o1 T - U [ oA 38
3.3 YmOoTpwHA (QPUOLKO £6A®OG) - SUD rade ....cuvvvviiieiiiiiiiiiiiieeinneennen. 42
3.4 NepBaAAAoVTIKEG GUVONKEG - Environmental Conditions..........coevvvvinnnnn. 44
3.5 AOKIHEG - FAtigUe lAWS ..eivueiiriiitiiitiiit it e e e e eiteeereenaeeneennann 46
KEDAAAIO 4. - Pavement design method in Portugal.........c.ccocvvviiiiiniiininne, 48
4.1 Eloaywyn - INtroduCtion ....eeeeiiiiie i ii i ei e e i e eeie e eeneanaenns 48
4.2 NepBarlovTiKEG ouvOnkeg - Environmental Conditions........c.ccvveviinenenn. 49
I I AV 0T [ T 1= 1 i i [ 49
4.4 YTIOBAON - SUDGrade ...viiniiiiiiii i et e 52
4.5 YAIKA emiotpwong - Paving materials ....o.ovveiiiiiiiiiiiiiiiiiiieiiieeennens 54
4.6 Mpotelvopeveg 00pEG 0000TPpWHATWY - Proposed pavement structures ....... 57
KEDAAAIO 5. Mepimtwon PEAETNG - Case StUY . ..vvvriiiniiiiiiiiiiiiieeieeeneannen. 63
KEDAAAIO 6. Owkovopikn avaAucn - Economic analysis ....oveeeveenneiineennennnenns 95
YYMIMNEPAZMATA 97

BIBAIOTPA®IA 98
KATAAOTOZ EIKONQON - TTINAKON. ..ot 99



KE®PAAAIO 1: EIZAIQIrH - OPIZMOI

1.1 Eilcaywyn - Introduction

Pavement design and road construction in general are one of the most basic
problems faced by civil engineers in co-operation with other organizations. The
challenges in this area of construction are enough, because most constructions are
public and must meet all the requirements to meet the demands of the public.

Since ancient times, pioneers in street-building techniques have been considered
to be Romans, due to their large-scale venture across Europe, even with today's
benchmarks. Initially, roads were constructed purely for military purposes and had no
economic significance for the simple world. At that time, the roads were made of
selected materials of the area and slabs of quarry stones. After the first millennium
AD the roads started to improve due to the development of trade and more recent
years due to the use of vehicles.

Although the design of pavements gradually evolved from art to science,
experience continues to play an important role to this day. By the early 1920s, road
surface thickness was calculated based on experience. The same pavement thickness
was used on different sections of the road, even though the existing ground
characteristics along the road changed. Over time and the experience gained, various



methods have been developed by various global organizations to calculate the
required road surface thickness.

The difficulty in engineering is that it has to find the optimal solution to the
pavement design, because it has to make the right layout of the pavement to meet the
requirements for the strength and the functionality of the construction and at the same
time to be a financial project for the whole the design life of the pavement.

The Portuguese road network mainly consists of asphalt pavements, composed of
upper layers in asphalt concrete and unbound granular layers of base and sub-base in
crushed natural aggregates. Important research is being developed in order to improve
the determination of the mechanical performance of materials and to implement the
appropriate characteristics in pavement modeling and pavement design. For this
purpose, laboratory tests and the performance evaluation of experimental or full-scale
sections during in situ load tests have a special importance.

Elaborate on the basis of Typical European catalog of pavements’ design.
Similar layers are used in European countries - European Union. In Europe the most
popular pavements are flexible, semi-flexible and rigid pavements.

1.2 Opiopoi / Opoloyia - Definitions / Terminology

I.  OAOIIOIIA: Eivol 10 6GOVOAO T®V EPYACIOV Y10 TV KOTACKELT L0 0000 Kol
N EYVIKN Y10 TN SOUOPP®GCT KoLl TNV KOTOGKELT] OLTH.

II. OAOZX: Eivor n Awpida tov £34pOvG, oL JSUOPPOVETAL LE TETOO TPOTO,
DOTE VO EMTPETEL TNV KVKAOQOpPia Tpoyodpwv Kot Teldv embve C.

III. OAOXTPQMA: Eivor t0 pépog ¢ 0dov t0 omoio mpoopiletor yw v
KUKAOQOpio. TV TPOoYoPOpwV. AloKpivETOL GE EVKOUTTO KOl OVOKOUTTO
0d6oTpmu, Katd kavova.

IV. EPEIXMATA: Eivat edapikég {oveg 6e&1d Kot apltotepd TOV 000GTPOUOTOG,
2T1C aoTIKEG 0000¢ £Y0oVV TN Lopen Tov TteCodpopiov.

V. KATAXTPQMA OAQY: Eivat 10 6GOVOAO NG EMPAVELONSG TOL 000GTPMOUATOG
KOl TOV EPEICUATOV UL0G 0000.

VI. OPYI'MA: Eivai 10 tuiquo Tov @uoikod €3AQOVS Tov oKABovpe yio va
SLOLUOPPMGOVUE TNV 000.



VII. EKXQMATA: Eivolr ta mpoidvio ¢ ekokapng tov opuypdtov. Katd
KOvOVO, YPNGLULOTOLOUVTAL Yot TN JUOPO®MON TS 0000 GTO TUNUATO OV M
EMPAVELL TOVG Elval YNAOTEPT OO TO PLGIKO £00.POC (ETLYDUATA).

VIILENIXQMATA: Eivol 10 vAikd mov tonobeteitan ekel, OTOL 1 EMQAveLo TG

000V mpoPAénetar va eitvarl ynAdTepN 0md TO PUGIKO £30(POC.

IX. AEONAZX OAOY: Eivai n toun tov d&ova tg 0000 HE TO QLGIKO £O0(POG,
vt o€ oplovTio TPOPOAN.

X. MHKOTOMH OAQY: Eivot 1 toun tov GEova ¢ 0000 e TO KOTAGTPOLA
™me.

XI. MHKOTOMH EAA®OYZX: Eivatr 1 Toun tov a&ova g 0000 HE TO PLGIKO
£00(pOC.

XII. KATA MHKOX TOMH 'H AIATOMH: Eivot n toun g 0000 kot tov
€00POVG UE EMMEND KATAKOPLPX KOl KAOETO GTOV AEOVA TNG 0000.

XIII.OAOX XE OPYI'MA: Eivat 11 000G OV TO KOTAGTPOUA TNG £lval KAT® amd
TO UOIKO £30(POC.

XIV.OAOX XE EIIIXQMA: Eivotl n 006G OV T0 KATASTPOUA TNG Eivol Téve omd

TO PLGIKO £00.POC.

XV. OAOX ME MEIKTH AIATOMH: Eivat 1m 006g¢ mov éva péPog Tov
KOTOGTPAOUATOS TNG €lval o€ Opvuypo Kot T0 VIOAOwmo PéPOG Tng eival og
EMiyouL.

XVILTA®POI: Eivol to. avAdkio Tov ovoiyovtor Kotd kavovoe de&ld Kot aplotepd

OTO OPVYLOTA TOV 00DV TNG VTLAIOPOV, Yo Vo peLYOLV Ta VAATO TNG PPOYNS.

XVILITPANH OPYI'MATOZX: Eivai ot TAeUPIKEG EMPAVEIEC TOV OPVYUATOC TOL
OMNUOVLPYOLVTOL OO TNV EKOKOPT TOL PUOIKOV E£OAPOVE YO TNV KOTACKELT
™G 050V.

XVIILITPANH EIIXQMATOZX: Eivor ot TAevpkés eMPAVEIEG TOV EMYDIOTOC
OV GLVOEOVV TO KATAGTPMUO TG 000V LE TO PLGIKO £60LPOG.

XIX.®PYAI OPYI'MATOZX: Eivol to onueio mov opileton amd v TOun TOL
TPOVOHS TOV OPUYUOTOS E TO PLGIKO £00LPOG.

XX. IMTOAI EIIIXQMATOX: Eivar 10 onueio mov opiletar omd v TOUNR TOL
TPAVOVE TOV EMLYMUATOS LLE TO PLGIKO £30POG.



XXILXQMATIZEMOI: Eivoat T0 GOVOAO T®V €PYOCIOV TNG EKOKAPNG Kol O10eonc
TOV YOUITOV (EMYOUATOCELS, amoBEcelg 1 SAVELRL) Yo TNV KATOOKELT €VOG
TUNUOTOG TNG 000V

XXII.OAOZX IZOITEAH: Eivol 1 080¢ mov 10 Katdotpoud g, amd dmoyn 0éong

0TO YMPO, OEV dLOPEPEL ALTONTA OO TO PLGIKO £SAPOC.

XXIILIIAATOX KATAAHYHX THX OAOY: Eivar 1 opilovtio andotacn mov
opiletat omd TIC TOUES TOV TPAVAV LLE TO PLGIKO £30POG.

XXIVZOQNH KATAAHYHX THX OAOQOY: Eivar n emodveia mov opileton
petall TV OVOo YPAUU®DV TOL GUVIEOVV T, OPL TOV TAATOVS TG 00V.

XXV.OPIZONTIOI'PA®IA OAOY: Eivor  mapdotoon tng 0800 oe opiloviia
mpofoln pe KAipaxa.

XXVLANQ®EPEIA: Eivat 10 tpfua g 0600 oL 6TV KoTé UNKOG Toun €xel
KAMon Oetikn). Osmpovpe MG apeTPic TNV apyn TS XIMOUETPNOTG.

XXVILKATQ®EPEIA: Eivol to Tpunpo tg 0000 OV 6TV KoTd URKOG TOUN €XEl
KAlon apvnTikn. Ocopole MG apeTnpio TNV 0Py TG XIAOUETPNONG.

XXVIILPEIOPO: Eivow xotaokev mov yivetal oty GKpn Tov 000GTPMUATOS TNG

0000 Y10 va. p£ovv Ta Boata TS PPoYNS.

XXIX.ITEZOAPOMIA: Eivor to vrepuyopéva epeicpato aoTikng 0000, mTov
YPNOLOTOLOVVTOL Y10 TNV KVKAoQOpia TV Teldv.

XOMATOYPI'IKA EPTA

Xopoatovpykd £pyo ovopdlovpe To €pya €KeElvo TOL VTEPLYMOVOLV TN
YOUNADVOLV KOl OLOLUOPOAOVOLY TNV ETPAVEIL TOL PUGIKOL €04POLG UEYPL €VOG

TPOPAETOUEVOL VYOLG.
H doamdvn kataokevig pog 0000 SopopPOVETAL, KUPIMG, amd To TPoPAETOUEVOL
YOUOTOVPYIKE KO TEYVIKA £PYaL.

I.  YIHOAOMH: Ovopalovpe 10 GOVOLO TV EPY®V (YOUATOVPYIKA KOl TEXVIKA)
7oV divouv otV 086 TNV KOTAAANAN Hop@Y|, ®oTE va. dexBel TO 000GTPOUA pE
ACQOAAELD KOL TNV OLOAN OTOYETEVGT TOV VOATMV UEYPL OIS PLGIKNG POT|G.

II. ENIXQMA: Ovoudlovpe pio VTEPLYOUEVT] KATAOKELT €0A(POVG, TOL &lval
piypo €d4povg Kot adpovmY DAMK®OV TETPOUATOV.
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III. EAPAXH ENIXQMATOX: Ovoupdlovpe t0 VAKO OmOL TAV® TOL
KOTOOKELALETOAL TO EMTYMULOL.

IV. YHHEAA®OZX: Ovopdlovpe t0 £3000G, AUECHS KATM od TO 000GTPWLLOL TOV
TPOTOPACKEVAGOUE, LOPPDCULE KOl COUTVKVAOCOLE KOl TOV EKTEIVETOL HLEYPL

BaBovg mov emnpealetal and ta Poptio. KVKAOPOPIaG.

V. OAOXTPQMA: Ovopdlovpe 10 TAved TUAUO TNS STOUNG THG 000V TOL
amoteleital, KOTd Kovova, amd oTpMOoEl voOPacng, Pdong Kol oTPOGEIS
KukAoopiog.

VI. YHHOBAXH: Eivoir n otpdom yuo €vioyuon Tov 000GTPMUATOS oL &ivor
HETOED VITEdAPOLG Kot PAOTG KOl £XEL OKOTO TNV EAATTOON TOV EIGAYOUEVOV

TACEWMV GTO £30POG.

VII. BAXH: Eivai 1 otpdomn Tov 0006TpOUATOG HeTalD vdfaong Kol 6Tpmong
KUKAOQOPLog TOV TOPaAAPAVEL TO ELGAYOUEVO (OPTID amd TNV KLKAOQOpIa.

VIILETPQEXH KYKAO®OPIAX: Eivol n avotepn oTp®OT TOV 000GTPOUATOS
OV TOPEYEL OUOAN KOl GVETN Kivnom oTto OyNUOTO, TopaAapPdvel 0g Tig
EPATTOUEVIKES KOl AOUTEG dUVAELS.

TYIIIKH AIATOMH OAOY

O d&ovag ™G 000V Tomobeteitaol KATA KAVOVO GTO HEGOV TOL 0S0GTPOUOTOC

KoL OTOTEAEL TOV AEOVA VOPOPES Y10 TOV VITOAOYIGUO T®V GTOYEI®V TNG.

To wAGTOS TNS AMPIdAS KVKAOPOPLNG €lval TO HEPOG TOV 0OO0GTPOUATOS TOV

nmpoopiletal yio tnVv Kivnomn evog oxnuaToc.

Aopida kaBodnynong civat 10 Tpdcsbeto TAATOG TOV 030CTPOUOTOC EITE TPOG
To, 0e&ld mAevpd TOLV Kivovuevoy oynuotog (e€mtepikn] Ampida Kabodnynong) &ite
TPOg TNV oplotepn) mAEvpd (ecwtepikn Awpido kobodnynong), o€ mepimTon
dywpopévev odoatpoudtov. Ot Awpideg avtég cuvnbmg dtaympilovior pe o
ocvveyn Gompn Aopida @apddtepn amd TG LIOAOWMES JLOYPAUUIGELS TOL
000G TPOLATOG.

Aopida 'Extaktng Avaykng (AEA) eivoar pia mpodcletn aceartootpopévn
Aopida oto de&l PéPOg Tov 0S0GTPMUATOG KOt TPOOPILeETl VIO TEPUTTMCELS AVAYKNG
KO yuoL TNV Kivnon Tov e01KOV oxnuatov (acstevo@opa, aoTuvopkd, mopocsPectikd,
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Odwng Bonbewg, xAm.). H AEA «xotaockevdletor pe 10 1010 0060TpOUN TOL

Kataokevalovtat o1 vTohomeg Awpideg KukAopopiog.

To o©VOVOAO TOVL OAGEOUATOCTPOUEVOL TUNUATOS OVOUALETOl TAGTOG
000GTPOUATOG TOV GTNV TEPITTMOOT JUYWOPIGUEVOV 000CTPOUATOV TEPIAAUPEvEL

KOL TNV Ol ®PLoTIKN VN Gida.

TO ZEEKINHMA THX XAPAZHX MIAYX OAOY

YHOIAKA MONTEAA EAA®OYY

H Melétn Odomouiag, 6mmg €€ dAAov katl OAeg ot Teyvikég Melétng, yivovton pe
™m ypnon HAiektpovikdv Ymoroyiwotwv. [ va egivor duvaty n mAeKTpovikn
eneepyaocia, 10 TOMOYPAPIKO VTOPAOPO TPEMEL VAL £XEL KATOLOL GUYKEKPLUEVT] LOPOT).
To Y.IIE.XQ.AE. éyel exdwoet oxetikn Eykdkiio yuo 10 mog mpénetl va cuvtdooeton
éva Tomoypagikd vtofabpo yia vo umopel va ypnoyorombet yio peréteg Odomotiog

(IIPYMO).

To emelepydopa ovtd tomoypoaewd to ovoudlovpe ¥mouokd Movtéra
Edd@ovg (Digital Terrain Models- DTM) kot mepiéyovv mAEYUO TPIOOLACTATMOV

Tprydvev (Lopeng 3d- face) mov vVAOTO10HV TO AVAYALPO TOV PVGIKOV E0GPOVG.

[Tpwv Eextvnoovpe Aoudv po Medétn Odomotiag Ba mpémet vo Befatwbovpe 6Tt
TO TOMOYPUPIKO LTOPAOPO TO 0moio drabéToVE Efval KATAAANANG Ko emelepydoung
HopOYG.

M wodyng kepmoin opiletal cav 0 YEOUETPIKOG TOTOC TV GNUEI®V TOL
é&youv to 1010 VYOUETPO. AnAadn mave oty toobyn 100 kdbe onueio g €xet
vyouetpo 100p. Ipokdmter de amd v toun tov gmmédov Z= 100 pe 10 LOIKO
£00.P0G KoL TNV TPOBOAT TNG TOUNS 0VTNG 6TO 0plLoOVTIO £MimEdO.

Oco moukvotepa didovtor ot wwobyeic 1660 peyodlvtepn okpifelo pog map€yet to

TOTOYPAPIKO SOy POLLLLOL.

H vyopetpikn dtapopd and ) pa 1oobhyn oty GAAN Aéyetal 16001461061 (0)
Kot gival otabepn de €va TOMOYPAPIKO SLAYPOUIO LG CLYKEKPLUEVNS KAMpakag. Ot
Kavoviopol oivtaéng tomoypapik®dv dtaypoppdtov opilovy kot TV omoitoOUEVT
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1600140TO0T avaAoya pe TV KATHoKO Kot TO €100¢ TNG TEPLOYNG Y. TESWVO, AOPMOIES,
opeWo, KAT.

Ortav ot wobyelg elvar oyedov mopdAANAeS LETOED TOVG TOTE TOPIGTAVOLV 1oL
mhayid. Oco mukvotepeg ival ot 1l6odyeic 1060 mo amdToun eivon 1 TAAYLd, oniodn
1660 peyolutepn etvor 1 KAlom g TAayldc.

Otav o1 wobyelg eivar KAEIWGTAG HOPENG KOl GLUYKAIVOUV TTPOg €val UIKPOTEPO
KOKAO TOTE:

Edv 1 oobyng tov pikpodTtEPOL KLKAOL givol pHeyoAdTEPN TPOKELTAL Y1l TO

VYNAOTEPO oNUEio Apa TAPIoTAVEL KOPLOT,

Evod eqv eivon pukpodtepn mpoxeton yio younAdtepo onueio Kot ToploTAVEL
BaBovropa.

Otav o1 16obyeic GLYKAMVOLY TPOG Lol YPOULUY TOTE:

Eite onpiovpyeiton younin (Babid ypouun) kot Adyston podyyeid,

Eite onovpyeitor vynin ypauun (Kopotdc) Kot A&yetat paym.

Meta&h dvo KOPLPDV FNUIOVPYEITOL EVEL KGALAPD TTOL AEYETOL AVYEVOG.

Meta&h 6vo mhAayidv dnuovpyeitat o yopumAn {ovn mov Aéyeton pépa, 1| o€
HEYAAEG EKTACELG YEINAPPOG 1) TOTANOG.

XYMITYKNQXH
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Ye Oolkég epyaociec, Omwg emyydpota, vroPdoelc, Pacelg kAm., yperaleton
OLOIOLOPPT GLUTVKVMOGT TOV €JAPOVS KOTA TN SldpKeE NG Kotaokevns. Me
GUUTVKVMOGCT TOV €JAPOVE EMITLYYAVETAL O TEPLOPIGUAC TOV OYKOL TOV TOP®V UE
OTOTEAEC O, VO QVEAVEL 1] OVTOYN TOV €0G(POVG, AOY® TNG CUVEKTIKOTEPNG VPNG TOV.

[dwitepa otor épya odomouiag, oTol omoiot TOPOVGLAlovVTaL HEYAAN SUVOIKG Kot
OTOTIKA QOPTia, 1M KOAY CLUTOHKVOGT OAOV TOV GTPOUATOV atd TNV LEOPacT pEyPL
™ GTPMOON KVKAOPOPiag amoterel TO PACIKO TAPAYOVTO Y0 TNV €V YEVEL GOUTEPLPOPE
TOV €PYOV amd ATOYN SUOPPMONG AOY® TG EMIOPACTG TNG KLKAOPOPLNG.

To m0c00TO KEVOV £04POVS gfvol GUVAPTNON TNG KOKKOUETPIKNG O1ofaBong
Kot TG d1iTaéng TV KOKK®mV Tov £0deovc. H didtadn tov kokkwv eaptdtot and v
EVEPYELDL GLUTOKVMONG, TNG omoiag 1M HEYLOTN OpAcT NG OVOTTOGGETOL OTOV M
mePLEYOUEVT VYpacia etvon 1 BEATIO.

H ocvpmokvoon tov £dG@oug PeTpléTat TocoTIKd e TV TukvoTnTa Tov. [1pémet
va onuelwbel OtL dev peTpléTOl M QOLVOUEVY] TLKVOTNTO TOL €0G.(POVG 7OV
CLUUTLKVOONKE, 0ALG M ENPN POIVOUEVY] TUKVOTNTA TOL Yd, ONAGON UETPLETAL M
TUKVOTNTO TOL EGPOVS QLPOV EYOVLE APOLPEGEL TO BAPOG TOL VONTOG TOL TEPIEYETOAL.

To xptplo TG EMAOYNG TOL UNYOVILOTOG CUUTOUKVMOONG Y10 M0 OEOOUEVN
nepintoon, eivor M KOVOTNTA TOL VO GLUTVKVAOVEL TO €000p0g oto Pabud mov
Bélovpe, pe to owovopikotepo Tpomo. Ot mapdyovteg mov emmpedlovv TN
CLUTVKV®OGOT TOV €0G(POVG UE UNYOVIKA LEGH Efvat:

* H @vYon kot 1 kokkopeTpikr| Stofdbpion tov 6dpoug
H mepiextikdmra Tov £049ovs 6€ vypacia
To péyioto mhyog g 6APIKNG GTPMOOTG

O apBuog TV d1eAeVGEDY TOL UNYOVILOTOS GUUTVKV®OOTG

O 010G TOV PUNYOVILOTOG CLUTUKVAOGCTC.
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H ovumdxveoon tov €d0@®v yivetalr He €QOPUOYY EVEPYELNG HE TPELS
SPOPETIKOVS TPOTOVS KOl OlokpiveTal avdAoyo pe Tn OLIPKEW TOV TAGEMV TOL
epapuolovral. Avtég ot tdoelg etvar:

1. Tlieon (kvAivépwon)
2. Adévnon

3. Kpovon.

H xvAivopwon yivetar pe Kotvodg 0000Tp®TNPES, 1 OOVNON YIVETAL LE HOVNTIKOVG
0000 TPMTAPES KO SOVNTIKEG TAGKEG KO 1] KPOVUGT LE SLAPOpovg THToVG Komdvwy. O
Mnyavikdc, mptv apyicouv ol epyacieg GCLUTOKVOONG, TPETEL VO £YEL VIOYN TOL TO

TOPOKATO:

Tov BaBud cuumdkvmong Tov TPETEL VAL EMLTUYEL

Tnv meplextikdTTO VYPOGIOG OV TPEMEL VO TEPIEXEL TO €60QPOG Yol TNV
KOADTEPT] GLUTVKVOOT)

Tnv amddoom Tov pnyovipotog mov Oa xpnoyorombet yia T GLUTLKVOOT).

OAONTQTOI OAOXTPQTHPEX (pe katowkonodapa)

>uvnBwg eivol pULOVAKOVUEVO UIMYOVILOITOL TOL OTTOT0L OITOTEAOVVTOL ATtO £VOL KEVO
KLAWVOPIKO TOUTOVO TTOV TTEPIOTPEPETAL YOP® amd Evay dEova pe mAaicto. To Topmovo
umopel va yepioer pe dupo M pe vepd. Ilaveo oto toumavo eivor otepempéva
petaAlkd dovtio pe dipeg amd okAnpd ydAvPa. IMapdyoviec mov emnpedlovv v
CLUTVKVOON UI0G E0APIKNG OTPAOOTG ElvatL:

*  O10100Ta0EIg TOV OOVTIDV
H mieon tov doviidv

To mayog TG E0APIKNG GTPOGNG

O apBuog delevoewv
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OAOXTPQTHPEX ME EAAXTIKOYX TPOXOYX

OdootpmTNpeg HE EAAGTIKOVG TPOYXOVGS, VLTAPYOLV CVTOKIVOVUEVOL N
PULHOVAKOVUEVOL.

O odootpopag pHe €AACTIKODG TPOYOVS, avtifeta omd TovV 0d0vImTd
0006TPpMTNPA 0 0moiog GLVOAIBEL TOV €JAPIKOVG KOKKOVS KOU GUUTVKVMVEL LLE TN
oLOTEIPMON TOV KOKK®OV TOL TPOKAAEL, YOPIg VO TOVG LETAKIVEL OTLLOVTIKA.

To KOpla YopaKTNPIOTIKA TOV 000GTPOTHP®V HE EAAGTIKOVG TPOYOVG TO OToin
emnpedlovv TV amdd061 TOLG TNV CLUTVKVMGN, €lval 1 EMPAvELR £pAoNG TOV
EACTIKAOV KO 1) TIECT) TOV a€Pa GTOV 0EPODALALLO.

[Tapdyovteg mov ennpedlovy TNV GLUTHKVOOT] EG0PIKOD VAIKOV LLE 000GTPOTHPO
He EAaOTIKOVG TPOYOVG etvat:

[Tieom ghaotucon

[Tayog edapikng oTpdong

Ap1Opog dlELeHoEDV POV LOTOG

‘Eva amd ta TAEOVEKTUATO TOV EAOGTIKOPOPOV 0000TPMTNPA Eivarl 1 dnpovpyio
oplOVTIOV OLVAUE®Y GCLUTVKVOONC, EKTOG OO TWV KATAKOPLO®V.

AONHTEZX

Eivorl pmyovipoto outoKivoupeva 11 POLOVAKOVUEVO, TO. 0010 GUUTVKVAOVOLY TO
£00.pog e dOvnor. Alakpivovtal 6€ dLO KOTNYOPies:

Aovnrikol koAvdpot

Eninedot dovntég
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H ocvumdkveoon tov eddpovg pe dovnt Topovcstdlel TO TAEOVEKTNUO TNG
yPNyopNns Oevubétnong tov €000IKOV KOKK®V o€ TLKvOTEPN O€0m pE €Qaproyn
LKPOTEPNG EVEPYELOS GUUTVKVMOOTG KOt LIKPOTEPO PAPOS £E0TAGLLOV.

H ocvumdkvoon pe dovnt elval 1660 amOTELECUATIKOTEPT], OGO TO £00POG
ToPOLGIALEL HEYOAVTEP YOVIO ECGMTEPIKNG TPPNG KOl LUKPY] CLVOYY, EMELDN Ol
duvapelg cuvoyng petasd TV KOKK®V umodilovv v ypnyopotepn devhétnon| Toug.
Apa yoo vo el emtuylo 1 copmvkvemon pe dovnrh, Ba mpémel 10 £60pOg Vo
napovctalel yovio TpNg, OnAao va elval KOKKMOES.

MHXANIKOI KOITANOI (Batpayov)

Elvor pmyovipata pe meptoptopévn xpnon Kot pe Heylo K0GT0G GCLUTLKVMOGNG.
Ag1tovpyoldv e TEMECUEVO OA€PA M UE UNYOVEG ECMTEPIKNG KAVONMG Kl
CLUTVKVAOVOUV TO £00(pOC UE OL000YIKEC KPOVGELS Ol OMOIEG TPOKOAOVVIOL LE
OVOT|OMOT) TOL UNYOVIHOTOG YU avTO Ko ovopdodnkay «Batpoyowy.

Ot pnyavikot KOTAvOl YPNGLULOTOLOVVIAL YO TN GULUTOKVEOOCT HUIKPOV
empaveldv 1N 0écewv, oOmov eivor 6OokoAn 1 advvarn mn Asttovpyio dAAOL
HEYOADTEPOL UNYAVALOTOC Kot EIVOIL KOTAAANAOL Y100 T1] GUUTVKVMOT] GUVEKTIKOV KOl
AEMTOKOKK®OV EG0QPDV.

evikd avtd Tor pnyovinpato 0V omodidovy 0 TOAD VYPE GUVEKTIKA £04.QT).

ITAPAT QI'H AAPANQN YAIKQN

To adpavny vAkd Aappdvovtor amd opuvyeion 1 Aotopeio, pe Bpadon Kot

UETETMEITA KOKKIVIGULA TOVG.

‘Eva cvuykpotpo mopoaymyng adpavav vAMkav Agttovpyel yu Opavom tov
QLOIKOD VAIKOD Kot GAAMV GTEPEDMV N GLVAPAOV BPLUUATOV, KOTOTY doywpilel TV
TaPOYN G€ GOPOVE N G€ d0YElD O1POPOV HEYEBOVG Yo TOV GKOTO TG O1aadpiong.
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Awokpivovtol oo TUTIKEG LOPPEG CLYKPOTNHATOV Bpavong kot dafaduons tov
AOPOVAV VAKAOV:

1. Katakdpoon drdtaén

Ta pmyavipato toroBetobvtan to €va KAT® ToL GAAOL Kol £€TGL 1 pon YiveTal He TN

Bapvtmra ympic fondntikd 1 avoyoTiKd HEGA.
2. Emninedm o1draén

2e autn TN JITOEN TO UNYOVALLOTE TOTOBETOVVTOL GE GEPA 6TO 1010 Tepimov

emimedo.
Mo v amobnkevon TV VAKOV ¥pNGIULOTO00VTAL GIAG ard okvpddepa 1 omd
o10ePEVIO. EAAGLLOTOL [LE TTEPLOPIGLEVT] XOPNTIKOTNTO.

o ™ petagopd TV mpoldviemv Opadone peydin eeoapuoyn Ppiokovv ot
Ao TIKOT peTa@opikol YAVTEG Ot 0moiot elval TOAD ac@aAElG Katd Tn Asttovpyia Kot
EYOUV LEYAAT] LETAPOPIKN ATTOJOOT).

H Baowi) oeipa Aertovpyiog yio v mopaymyn TOV adpovodv DAKOV givot M
TOPOKATO:

Aopaipeon g TpdTnG VANG

InuewdveTot To VAKO (oynua 1 pnéyeboc) pe to omoio pmopel va epyacet to
OpavoTikd CLYKPOTNUO KOl OTN GLVEXELWN, €0V yxpelaletol, mAOON Yoo va

@OYoLV 01 EEVEG TPOOUIEELS
Metapopd Tov VAKOL 6T0 GLUYKPHTNHa Bpahong

Tpopodocia Tov oractipa pe 10 VAKO, Bpadon tov 1 Kot GAAN KoTepyacia,
wote va mopayBel 1o TEMKO adpavES piypo

To mopayopevo vAkd mepvhel amd €AEyyovs Yy MOAAL Oomd TO TOPOUKATO
YOPAUKTNPIOTIKA:

¢ Zxk\npdémta
Avtoymn og kpovon

Avtictaon og tp1pn

E1d1k6 Bapog
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Eyquo copotidiov
Opyavikég axabapoieg
Yypaoio empdvelog
Mokokd copotiow
AwBaOuion
MHXANEX @PAYXHX

Mo ™ unyaviky Bpadon tov TETPOUATOV XPNGILOTOIOVVTOL SIAPOPOL TUTOL
onaotNpov kot Tpieiov (devtepegvovca Katepyacic). Ol omacTNPES OPYIKNG
Katepyaoiag maipvouv v mpdt VAN Tov ypetdleTon opikpuven kot v ondlovv ce

HIKPOTEPX KOUUATLOL.

O omaotpeg devtepevovcag Katepyaoiag (TpiPeia) Asttovpyodv e LAKO L
ppodtepo péyebog, to omoio €xel mepdoet and Tov apykd cmactnpa N Exel Aneoei

amd OUUOYEAIKO Kot YpeldleTal Topanépa GTAGILO.

OLot o1 oactpeg €xovv katackevachel yia va Exovv, €lte 100 KPOVONG, E1TE

nieon 610 PPaydOEG LAIKO.

XITAXTHPEX ME XIAI'ONEX

Avtol amotelobvtat amd Eva BAAao TPo@oddHTNoNG HEGH GTO 0ol plyveTaL TO
TETPOUO Y10 VO OTAGEL, TO OMO10 GTN GLVEXEWL OEPYETOL UETAED OVO TAUKADV OO
YVT0 YaAvPa, ot omoiec ovopdalovtor oclaydvec. To métpouo omdcer peTald TOV

olyOVOV HEXPL TOV ETMBVUNTOV S10GTAGEMV.

IEPXTPO®IKOI XITAXTHPEX

O meprotpo@ikoi omactpeg Opavovy ta tetpodpata pe T fondeia evog Kavov,
0 omoiog Kiveital €KKEVIPO OTO €0MTEPIKO TOL HOVOVM, O OmOl0g UmOpel va €xel
dwpopa oynuata. H kivnon mov petadidetar otov k®dvo givol, a@’ evog pev
TEPIGTPOPIKT), AP’ ETEPOV TEPIOTPEPOUEVT, £TOL MOTE VAL TANGLALEL S1000Y KA OADL TOL
onueio TG ECMTEPIKNG EMPAVELNG TOL LAVILAL.
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H &éotepikn empdvelo 10U KOVOL KOl 1] €0MTEPLKN TOL HAVOV

KATOoKELALOVTAL A0 E101KO YAALPO KOl LWITOPOVV VO, VTIKATAGTAOOVV EVKOACL.

HEPIZETPO®IKOX XITAXTHPAYX ME X®YPEX

Avt0¢ 0 omaoctnpag omoteAeital amd €va petodhkd mepifAnuo, OTOL GTO
ECMTEPIKO TOV €lval GUVOEOEUEVEG LE aPOPDCELS GE TEPLOTPEPOUEVO dioKO oTafEPES

N Myo KivnTég GpupEC.

XITAXTHPEX ME KYAINAPOYZX

Avtol ypnoyomolovvIal Yo TNV mopaywyn 0pavctod LVAIKOU TOAD uKpOV
dwotdoewv. H Bpavon tov merpodpatog yiveror amd 6vo 16yxvpovs KLuAivdpovg ot
omoiot elval tomoBetnuévor mOAD KOvid o €évag otov GAAOV Kot Ot omoiot

TEPIOTPEPOVTOL KOTA avTiOETN POopd, GLVTIPIPovTag £TGL TO TETPMLLAL.

MYAOX AAEXHX

[No moAd Aemtd vakd g mepoyng 0,1mm (@iddep) to omoio pmopel va
ypnopomombel o€ AGQPOATIKA OKLPOJEUATO, YOWYO, TOIUEVTO, YPOUATOV KA.,
YPNOUOTOOVVTOL TEPIGTPEPOUEVOL HOAOL GAEoNG. AvTtol amotehovvionl amd €va
TEPIOTPOPIKO TOUTAVO GTO E0MTEPIKO TOV Omoiov glodyovtal YaAOPdves opaipeg
nepimov 610 35% e YwpnTkdTTOS TOLV TLVpTAVOL. Katd tnv mepoTpoPn TOL
TOUTAVOL TOV LAIKO TapepuPdrietor petalh twv opopdv kot cuvOAiPetol gite pe
kpovon eite pe mieon. To dheopa ovveyiletor émg O6mov emtevybel M emBounty

AETTOTNTAL.

KOXKINIXMA

To. vVAIKG 7OV ¥PNOYOTOOVVIOL GE TEYVIKA €pya, Ty otV odomotia, &ivat

amopaiTnTO, KATA Kovova, va dtaympiloviat o d1dpopa peyEdn KOKKwv.

[Ma Tov d1a@p1oUd TOV VMK®V YPNCIHOTOI00VTOL KOGKIVA To 0Ttoia, cuvinOmd,

elvar Otdtpnta peTOAMKA eAdopato pE oLVAO®MG OTPOYYLAEC 1 OTAVIOTEPO
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TETPOYOVIKEG OTEG 1 HETOAMKE TAEYHOTO e TETpAYOVIKEG onég. H ta&ivounon tov
AdPOVAOV VAIK®V, UE UNYavikd 1 GAAa péca, o€ opdoeg avdioya tov peyébovg twv
KOKK®OV KOl GUUOOVO HE TG TPOOLOYpaPES OVOUALETOL «KOOKIVIGHO» 1

«O1ofadony.

XTAOEPA KOXKINA

[No épya puKpng GmovdodTNTOG 1 TO OTTATY HLOPPY KOCKIVEV gival KOGKIVO TO
omoio amotelobvtal, cvvBwg, amd &va EOAVO TAAIGIO TO O0Tmolo PEPEL PETOAALKO
TAEYHOL L TNV EMBLUNTY O1dpETPO OTTOV. AVTO TO KOGKIVO TomobETEITONL GTO £d0UPOG
v yovia 45° 1 60e.

AONOYMENA KOXKINA

To. dovovpeva KOGKIVOL omoTeAOVVTOL Omd oxeddV oplldvTia emimedo KOGKIVA
(owTpnta eAdopoto 1 TAEYpaTa) ota omoio dtvetar dovnTikn kivnon. Ta mhaicio
kookivov ompilovtar pe t Ponbeia elatmpiov 1 yoAOPIVOV EAACHATOV GTO
oKeAetd TOL UNYOVAHOTOC. Me TV MOAMKR Kivnom To LVAKO EMTUYYOVETOL Kol

KLVelToL PEYPL TOL GNUEIOL OVOGTPOPT|G.

INEPIXTPE®OMENA KOXKINA'H TYMITANA

To TeEPIOTPOPIKA KOGKIVOL 1] TOUTOVO OITOTEAOVVTOL OO TEPIGCOTEPQ OLATPMTA
elaopaTive, TOUTTAVE, (OTTAVIo oo TAEYUATO) To OTToio £Youv OldTaén Katd avEovoa

JdoToon SUETPOL OTNG Kal £xovv KAlon cuviBwg 8-10%.

ITAYXIMO AAPANQN YAIKQN

To adpavi] VAWK, O10iTEPO TA PLGIKNG TPOEAEVONG TEPIEXOVY  SLAPOPES
pumapég mpoouitels, 6mwg dpylho, TMAG KA. Ol OTOIEC LEUDVOLV TNV OVIOYN TOL

TOLLEVTOGKVPOOELATOC,

H midon tov adpavdv vMkov elval g damavnpn epyacio yioo PEYGAOLG

Oykoug adpavav LVAkoav. ‘Etotl, mpv anopaciclel 1 eykatdotaon TETOov €i00Vg

21



unyovev, 8o Tpénet va yiveTol TPOoEKTIKN HEAETN KOGTOVG TNG EYKATACTOCNG KoL TG

damdvng tng TAVGTG.
Avéroya pe v mepintwon epaprolovion ot Topokdtm pEfodor TAvoNG:

[TAom pe dovnTikd KooKV

*  Tleprotpoikd mAvvtiplo

[Teprotpoekd mAvvtrplo dafadonc.

AXPAATIKO XKYPOAEMA

To. 0oQOATIKA GKVPOJEUATO EIVOL ACPUATOULYLOTO, TOV TO GLVOETIKO LAKO
etvar KaBapn AGPAATOS Kot TOL £0VV GKEAETO OO LAIKO YOVOPOKOKKO, AETTOKOKKO

KO TOUTTOAN LE OVOAOYIEG TTOAD LEAETNUEVEG.

[evikd cav ac@aitikd okvpddospa opiletor éva opoloyevég piypa, mov
TapaokKeLAleTol 6e poOVIUN gykatdotoon pe avauén Bepudv kot ENpov adpavmv
YOVOPOKOKK®OV, AENTOKOKK®OV Kol TOUTAANG, pali pe Oegpun xabopn AGQOATO ¢
OUVOETIKO KOl TOV £YEL AVOYES KOt Op1a. TOAD avotnpd. To ac@AATIKA GKUPOSEHOT
YPNOLUOTOOVVTAL Ylo. €pyd 000TOUOG, Yo £pyd OEPOSPOUI®OV Kol Yo €pya

oTEYOVOTOINGNG.

[No va €xel 10 aoQaATIKO oKLPOSEUN LEYAAN OVTOYN KOl VO Elval GUYXPOV®G
eOKaUTTO, B0 TPEMEL TO PO TOV AOPUVOVY VO, EXEL LEYOAN EO1KT EMLPAVELD (TAOVG10
og Aentd otoryein), MoTE Ot empdveleg peta&h TV KOKK®V va, avénbovv 6to péyieto
TOGOGTO KOl O DUEVAG TOV GLVOETIKOD VAIKOV, Tov Bl emkaAdyeL Ta adpavr|, va gival

Aemtog.

Mo Vv pekétn evog ao@AATIKOD CKUPOSEUOTOS TPETEL VAL AKOAOVONGOVLE TO

TOPOKATO GTASLL:

1) Ilowotikn e€étaom TV adpavav Kot TG 0cOEATOV
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2) MeAétn ovvbeong ToV adpavaOV VAIK®OV Kotd TETolo TPOmo, DOOTE Vo
gyovpe TV KoAOTEPN dtofdOuion tov piypatog.

3) IIpocdioptopdc tov BEATIGTOV TOGOCTO OGPAATOV, OOGTE O OGPOUATIKOG
TATNTOG VoL EXEL T YOPOUKTPLOTIKA, TTOV OTTOLTOVV Ol TPOSAYPOUPECS.

4) 'EAeyyog G €mMOPOONG TOL VEPOL GTNV GLUVOYN TOVL AGQOUATOUIYHOTOS
LETA TNV GLUTVKVAOGOT).

AXPAATIKO XYNAETIKO

Q¢ ovVIETIKO VAKO TOV OCEOATIKOD OKULPOOEUATOG, YPNOILOTOLEITAL

amokAeloTikd kabapn dopaitog tov Tomov: 50/60, 60/70, 80/100, 120/150, 180/220.

O 1tdmog ¢ aceditov, mov Ba ypnoipomombei, kabopiletor kébe @opd
avVAAOYOL LE TIG KAMUOTOAOYIKES GLUVONKES, TOV EMKPATOVV GTO £pYO0, TNV cLVOEST TOL
ACQOATIKOD CKLUPOOEUATOGC, TO £100G TOL VITOCTPMUATOS TNG 000V KOl TOV POPTIOV 1)

GALOV YOPOKTNPIOTIKAOV TNG KUKAOQOPING.
AAPANH YAIKA

To ac@aATIKO GKVPOOEUN ATOLTEL Y10l TOL AOPAVI] DAIKEL 0L GUVEYT] KOKKOUETPIKN

St aOpIoT, TOV ETTVYYAVETOL LE TO TOPOUKAT® VAIKA:

XovdpdkokKo adpavég LAKO

Appog

[MToumdAn.

Ta adpavi VAKA Tpémel va mAnpodv, omd Aroyn ToldTnToS, TIC TPOOLAYPUPES.

MEAETH XYNOEXHY AXPAATIKOY XKYPOAEMATOX

H peAétn ovvBeong ac@aATikoh oKupOodEUATOS £YEL MG GKOTO VO VTTOAOYIGEL TOL
O KATOAANAQ TOCOGTA TOV EMUEPOVS ALOPAVAV YL T GVVOEGT TOLS, DGTE TO UiyHaL
Vo €(€l KOKKOUETPIKN OBAOon OpoAr] Kot HEsO oTo Oplol TOV TPOJYPUPDY
(KOKKOUETPIKY KOUTOAN 100mEYOVCH TV opiwv) Kol va vroAoyicel 10 PBEATioTO

TOGOGTO ALGPAATOV, TOV TPEMEL VO YPNOUOTONOEL GTO AGPAATIKO GKUPOOELLQL.
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ITAPAXKEYH AX®AATIKOY XKYPOAEMATOX

H mopoockevny 100 00@OATIKOD OKLPOSEUATOC YiveTol TAVIO ©E HOVIUN

gyKatdoToon.
To Kuprotepa cToLyEin LG LOVIUNG eyKOTAoTOONG fvat:
1. H amoBnxevomn tov yuyxpov adpavong
2. H tpopoddtnon, pe yoypd adpavés, Tov Enpavinpa.

3. To ocbotua yo to Kookiviopa, ywoo v omofnkevon kot 1o {Oylopa Tov
Oeprod vVAkov (petd TV €000 amd TOV ENpovnpo, TO AOPOVEG UE TNV
Bonbewn TV kookivov dSwywpiletor amd dmoymn peyéBovg kOKKOV Kot
amodnkevetal oe Odpopo GlAO. Ao Ta GIAG, pHe KOTAAANAES SloTAEELs,
QEPETOL TEMKE OTOV OVOKTAPA HE TavTdypovn (vylion tev dedpov
TOGOCTMV, MOTE VA EMTEVYDEL 1| KOKKOUETPIKT 6UVOEST), TOV BEAOLLE).

4. H tpo@oddtnon L TO amaIToVIEVO TOGOGTO BEPUNG AGPAATOV
5. H avauién g Bepung acedAitov e to adpovi

6. H petapopd Tov £TO10V AGPAATIKOD CKUPOOEUATOGS, GTO GIAD POPTOGCNC.

LYMITYKNQYXH AXPAATIKQN MII'MATQN

H ovundkvoon evog kald HEAETNUEVOL KOl TOPOUCKEVLOAGUEVOD

ACQOATOUTYHOTOG, Elval 0 HEYOADTEPOC TAPBEYOVTAG Y10 TNV ETLTVYIO TOL.

H evotdBeio tov piypatog, m Olamepatdtnto Kot 1 OVIOXH OTOV
EPEAKVLOUO, TTOL €IVl TO KLPLOTEPO GTOXEIO Y10l TOV VTOAOYIGHO TOV TAYOVS TMV
0000 TPOUATOV, 1] OUOAY ETPAVELD KOL 1] AVTOYN O€ KOT®oT, Ppiokoviol 6g dueon
oYE0MN LE TNV COUTVKVMOGN TOV, dNAadY| pe Ta Teplexopeva kevd aépa. O Eleyyog g
CLUUTUKVOONG GE €va OGQUATOUYU, 7OV KLAWOpmONKe, yivetar ocvvnbwog pe
OUYKPION TNG TLKVOTNTAG 7oL emtevyOnke mpog v Epyoactnplokn mokvotnta

(95%).
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KEQDPAAAIO 2. Baoikég €vvoleg TwWV OOOCTPWHATWY —
Basic concepts of road pavement

2.1 Totrol odooTpwpdTwy - Types of pavements

Generally, all surfaced pavement types can be categorized into two groups,
flexible and rigid. Flexible pavements are those which are surfaced with bituminous
(or asphalt) materials. These can be either in the form of HMA surface courses
(generally used on higher volume roads such as the Interstate highway network) or
pavement surface treatments (such as a bituminous surface treatment (BST) generally
found on lower volume roads). These types of pavements are called "flexible" since
the total pavement structure "deflects" or "bends" due to traffic loads.

A flexible pavement structure is generally composed of several layers of
materials which can allow this "flexing". On the other hand, rigid pavements are
composed of a PCC surface course. Such pavements are substantially "stiffer" than
flexible pavements due to the high modulus of elasticity of the PCC material.

Furthermore these pavements can have reinforcing steel, which is generally
used to reduce or eliminate joints. Each of these pavement types distribute loads over
the subgrade in a different manner. Flexible pavement uses more flexible surface
course and distributes loads over a smaller area. It relies on a combination of layers
for transmitting load to the subgrade. Rigid pavement, because of PCC's high elastic
modulus (stiffness), tends to distribute the load over a relatively wide area of subgrade
(see Figure 2.1). The concrete slab itself supplies most of a rigid pavements structural
capacity.

Flexible Paverment

st e % ) Bhae

Ewova 1. Rigid and Flexible Pavement Load Distribution.
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Overall, it may be somewhat confusing as to why one pavement is used versus
another. In general, state highway agencies generally select pavement type either by
policy, economics, or both. Flexible pavements usually require some sort of
maintenance or rehabilitation every 10 tol5 years. Rigid pavements, on the other
hand, can often serve 20 to 40 years with little or no maintenance or rehabilitation.
Thus, it should come as no surprise that rigid pavements are often used in urban, high
traffic areas, but, naturally, there are trade-offs. For example, when a flexible
pavement requires maintenance and rehabilitation, the options are generally less

expensive and quicker to perform than for rigid pavements.

2.2 Eukautrta odooTtpwuarta - Flexible pavement

The term flexible pavement is derived by the fact that the total pavement
structure deflects, or flexes, under loading. A flexible pavement structure is typically
composed of several layers of material. Each layer receives the loads from the above
layer, spreads this load, then passes on these loads to the next layer below. Thus, the
further down in the pavement structure a particular layer is, the less load (in terms of
force per area) it will carry.

In order to take maximum advantage of this property, material layers are
usually arranged in order of descending load bearing capacity with the highest load
bearing capacity material (and most expensive) on the top and the lowest load bearing
capacity material (and least expensive) on the bottom. This section describes the
typical flexible pavement structure consisting of:

» Surface course.

This is the top layer and the layer that comes in contact with traffic. It may be
composed of one or several different HMA sublayers.

e Base course.

This is the layer directly below the HMA layer and generally consists of aggregate
(either stabilized or unstabilized).

» Subbase course.

This is the layer (or layers) under the base layer. A subbase is not always needed.
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2.2.1 Aopn €UKAUTITWY O00OCTPWHATWY - Pavements
structure of flexible pavents

A typical flexible pavement structure (see Figure 2.2) consists of the surface
course underlying base and subbase courses. Each of these layers contributes to
structural support and drainage. The surface course (typically an HMA layer) is
thestiffes (measured by resilient modulus) and contributes the most to pavement
strength. The underlying layers are less stiff but are still important to pavement
strength as well as drainage and frost protection. A typical structural design
results in a series of layers that gradually decrease in material quality with
depth.

”~ ™

A ; Surface Course N

/ Base Course \‘\\

/" Subbase (Optional, usually treated subgrade) N\
Subgrade (Existing Soil)

Ewkova 2. Flexible Pavement Structure

2211 Eme@aveiaki otpwon - Surface Course

The surface course is the layer in contact with the traffic loads and normally
contains the highest quality materials. It has characteristics such as friction,
smoothness, noise control, rutting, shoving resistance, and drainage. In addition, it
prevents excessive quantities of surface water entering into the underlying base,
subbase, and subgrade. The top structural layer of material is sometimes subdivided
into two layers :

1. Wearing Course.

This is the layer in direct contact with the traffic loads. It is used to take the
brunt of traffic wear and can be removed and replaced when it becomes worn. A
properly designed (and funded) maintenance program should be able to identify
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pavement surface distress while it is still confined to the wearing course.
Consequently, the wearing course can be rehabilitated before distress propagates
into the underlying intermediate/binder course.

2. Intermediate/Binder Course.

This layer provides the bulk of the HMA structure. It's purpose is to distribute
load.

2.21.2 Zrpwon Bdaong - Base Course

The base course is immediately beneath the surface course. It provides
additional load distribution and contributes to drainage and frost resistance. Base
courses are usually constructed out of:

1. Natural Aggregate.

Base courses are most typically constructed from durable aggregates that will
not be damaged by moisture or frost action.Aggregates can be either stabilized or
unstabilized with binders, soils are not usually need.

2._ HMA.

In certain situations where high base stiffness is desired, base courses can be
constructed using a variety of HMA mixes. In relation to surface course HMA mixes,
base course mixes usually contain larger maximum aggregate sizes, are more open
graded and are subject to more demounding specifications.
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Eikova 3. Limerock Base Course Undergoing Final Grading.

2.2.1.3 Xtpwon umépaong - Subbase Course

The subbase course, positioned between the base course and the subgrade,
functions primarily as structural support and it can also:

1. Minimize the intrusion of fines from the subgrade into the pavement structure.
2. Improve drainage.

3. Minimize frost action damage.

4. Provide a working platform for construction.

A subbase course is not always needed or used. It consists of lower quality
materials than the base course but possesses higher quality material when
compared to the subgrade soils.For example, a pavement constructed over a high
quality, stiff subgrade may not need the additional features offered by a subbase
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course and can consequently be omitted from design. However, a pavement
constructed over a low quality soil such as a swelling clay may require the additional
load distribution characteristic that a subbase course can offer. In this scenario
the subbase course may consist of high quality soil used to replace poor quality
subgrade.

2.2.2 Ac@aATika piypata - Bituminous mixtures

The European Standard is one of a series of standards as listed below:

Asphalt concrete

Asphalt concrete for very thin layers
Soft asphalt

Hot Rolled asphalt

Stone mastic asphalt

Mastic asphalt

Porous asphalt

NNk W=

Three of the more common types of bituminous mixtures types use.:

»_Dense-graded HMA.

Dense-graded HMA is a versatile, all-around mix making it the most common and
well-understood mix type.

» Stone matrix asphalt (SMA).

SMA, has been used in Europe as a surface course for years to support heavy
traffic loads and resist studded tire wear.It is specified by the European Standards
EN 13108.

e Porous asphalt

This includes both open-graded friction course (OGFC) and asphalt treated
permeable materials (ATPM). Open-graded mixes are typically used as wearing
courses (OGFC) or underlying drainage layers (ATPM) because of the special

advantages offered by their porosity.

2.3 AkauTra odooTpwpuarta - Rigid Pavement
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Rigid pavements are so named because the pavement structure deflects very
little under loading due to the high modulus of elasticity of their surface course.
A rigid pavement structure is typically composed of a PCC surface course built on
top of either (1) the subgrade or (2) an underlying base course. Because of its relative
rigidity, the pavement structure distributes loads over a wide area with only one,
or at most two, structural layers. This section describes the typical rigid
pavement structure consisting of’

» Surface course.

This is the top layer, which consists of the PCC slab.
» Base course.

This is the layer directly below the PCC layer and generally consists of aggregate or
stabilized subgrade.

» Subbase course.

This is the layer (or layers) under the base layer. A subbase is not always needed
and therefore may often be omitted.

2.3.1 Aopy GKAUTITWY 00O0CTPWMATWY - Pavement
structure of rigid pavement

A typical rigid pavement structure consists of the surface course and the
underlying base and subbase courses (if used).

Longtudina
joud
fec nga

\ sho dcer

Subbase Course (if needed)
Subgrade (Existing Soil)

Eikova 4. Basic pavement rigid structure.
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The surface course (made of PCC) is the stiffest (as measured by resilient
modulus) and provides the majority of strength. The underlying layers are orders of
magnitude less stiff but still make important contributions to pavement strength as
well as drainage and frost protection.

2.3.1.1 Emoadveia - Surface

The surface course is the layer in contact with traffic loads and is made of PCC.
It provides characteristics such as friction (see Figure 2.5), smoothness, noise
control and drainage. In addition, it serves as a waterproofing layer to the
underlying base, subbase and subgrade. The surface course can vary in thickness but
is usually between 150 mm (for light loading) and 300mm (12 inches) (for heavy
loads and high traffic). Figure 2.6 shows a 300 mm surface course.

Eikova 5. PCC Surface Rigid Pavement (Surface course)
Thickness

2.3.1.2 Zrtpwon Bdaong - Base course

The base course is immediately beneath the surface course. It provides
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(1) additional load distribution,
(2) contributes to drainage and frost resistance,
(3) uniform support to the pavement and

(4) a stable platform for construction equipment (ACPA, 2001). Bases also help
prevent subgrade soil movement due to slab pumping and are usually constructed out
ofs

1. Aggregate base. A simple base course of crushed aggregate has been a
common option since the early 1900s and is still appropriate in many situations today.

2. Stabilized aggregate or soil. Stabilizing agents are used to bind otherwise
loose particles to one another, providing strength and cohesion. Cement treated
bases (CTBs) can be built to as much as 20 - 25 percent of the surface course strength
(FHWA, 1999).

3. Dense-graded HMA. In situations where high base stiffness is desired base
courses can be constructed using a dense-graded HMA layer.

4. Permeable HMA. In certain situations where high base stiffness and excellent

drainage is desired, base courses can be constructed using an open graded HMA.
Recent research may indicate some significant problems with ATPB use.

5. Lean concrete. Contains less portland cement paste than a typical PCC and is
stronger than a stabilized aggregate. Lean concrete bases (LCBs) can be built to as
much as 25 - 50 percent of the surface course strength (FHWA, 1999).

Eikova 6. Completed CTB with Curing Seal.
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2.3.1.3 Ztpwon utmréaong - Subbase course

The subbase course is the portion of the pavement structure between the base
course and the subgrade. It functions primarily as structural support but it can also:

1. Minimize the intrusion of fines from the subgrade into the pavement structure.
2. Improve drainage.

3. Minimize frost action damage.

4. Provide a working platform for construction.

The subbase generally consists of lower quality materials than the base course
but possesses a higher quality than the subgrade soils. Appropriate materials are
aggregate and high quality structural filler. A subbase course is not always needed or
used.

KEDAAAIO 3. MéBodol oxXedlaOMOU EUKOAMTITWV
odooTpwpudatwy -Design methodologies for flexible
pavements

3.1 MeBodoAoyia - Methodology

Flexible pavements are constructed with several layers of asphalt. The
description arises because, when a heavy commercial vehicle traverses the pavement,
it flexes vertically by an imperceptible amount. In the UK, the maximum gross
vehicle weight of a commercial vehicle is 44 tonnes, with a maximum axle load of
approximately 8 tonnes. However, these values vary widely throughout the world.
Rigid pavements are constructed entirely with a cementitious material. Composite
pavements consist of a combination of asphalt and cementitious layers.

The foundation is the platform on which the more expensive layers are placed
and carries the load bearing layers of the pavement.
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The base is the main structural layer in the pavement, and its main function is to
distribute the stresses generated within it efficiently to the foundation. It must be able
to sustain the stresses and strains generated within itself without excessive or rapid
deterioration of any kind.

The binder course is necessary to allow asphalt contractors to achieve the very
high standards of surface regularity required on modern road pavements.

There are two approaches to pavement design:empirical and analytical.Most
design methods in current practice around the world are empirical,being based on
experience accumulated in practice and from specially constructed test sections. There
is an assumption within this approach that the performance of the pavement will be
the same irrespective of the properties of the pavement or the constituent materials.In
contrast, the analytical approach uses theoretical analysis of the mechanical properties
of materials, and is capable, in principle, of dealing with any design situation.
Efficient pavement design can only be achieved through the use of accurate analytical
methods.

The philosophy of an analytical approach to pavement design is that the
structure should be treated in the same way as other civil engineering structures.

The basic procedure is as follows:

1. Assume a form for the structure, usually involving rational simplification of the
actual structure to facilitate analysis

2. Specify the loading.
3. Estimate the size of the components.

4. Carry out a structural analysis to determine the stresses, strains and deflections at
critical points in the structure.

5. Compare these values with the maximum allowable values to assess whether the
design is satisfactory.

6. Adjust the materials or geometry repeating steps 3, 4 and 5 until a satisfactory
design is achieved.

7. Consider the economic feasibility of the result.

Since the introduction of the Shell pavement design method by Claussen et al.
(1977) in Europe has been changed from the empirical to the mechanistic-empirical
approach, where distresses in the pavement are correlated with the mechanical
behavior of the pavement materials, in specific points on the pavement. This design
requires an analysis of the level of stress, strain and deflections, with the objective of
controlling fatigue cracking in the asphalt mixes and the permanent deformation due
to subgrade soil contribution. Thermal cracking and permanent deformation in the
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asphalt mixes are controlled, indirectly, during the design of the asphalt mixes
(Brovelli et al., 2015). Top down cracking is not controlled in the European
mechanistic- empirical pavement design methods.

The pavement design through the mechanistic-empirical method is an iterative

process with three parts, input, distress analysis, and design decisions.
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Eikova 7. Empirical pavement design framework.

The input part of the mechanistic-empirical method includes five groups of data
to define a trial pavement structure, which composed of a given number of layers,
each defined by its thickness and mechanical properties expressed by the stiffness and
the Poisson ratio, as only linear-elastic analysis is considered. The main data for the
definition of the trial structure is the traffic and the subgrade characteristics.

The traffic is expressed in terms of ESAL (Equivalent Standard Axle Load) for a
standard axle, usually 80 kN or 130 kN, depending on the design method. The
conversion of the number of vehicles to ESAL, is derived from the AASHTO road
test. The subgrade is considered by the CBR value of the soil, which is used to predict
the stiffness of the pavement foundation.

The other factors include the climatic conditions, the degree of risk and the
available materials. Climatic conditions take into account the temperature on the
pavement, which is used to define the characteristics of asphalt mixes and the water
for the definition of the drainage system of the road, as well as properties of granular
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materials, mainly the subgrade CBR. The degree of risk is assumed in the definition
of the properties of the materials, as well as in the fatigue laws used to predict
distresses in the pavement structure.

Available materials, associated with the importance of the road and the degree
of safety and comfort, together with other factors (traffic, subgrade, climatic
conditions, and degree of risk), allow defining the trial pavement structure for the
pavement design, composed by a number of layers of specific materials and their
thicknesses and boundary conditions.

The second part of the pavement design process, the distress analysis, calculates
the strains and stresses at specific points, related with the distresses considered in the

design. Usually, two distress modes are considered in the design,
1) fatigue cracking in the asphalt mixes and
i1) pavement permanent deformation due to the subgrade soil.

These distresses are considered in the design by controlling the horizontal
tensile strain at the bottom of the asphalt layer and the vertical compressive strain at
the top of the subgrade.

Prediction of pavement life is carried out through fatigue laws developed in
laboratory and calibrated with in situ results. To consider the fatigue cracking, fatigue
law relates the horizontal tensile strain at the bottom of asphalt mixes, with the
number of cycles to failure, which here considered as a given crack density.
Permanent deformation due to the subgrade soil is controlled using fatigue laws,
relating the vertical compressive strain at the top of the subgrade with the number of
cycles responsible for a certain rut depth.

Typically, pavement damage, defined as the ratio between the expected traffic
and the number of ESAL cycles applications that the pavement can stand, is used as
the design criteria in the pavement design process. Depending on the pavement design
method, different damage ratios are considered in the third part of the design.

The French pavement design method (LCPC, 1981) includes:
1) an explanation of the basis of the pavement design method,
i1) the relation between pavement design options and road management system,
ii1) the role of pavement surface course,
iv) the role of pavement foundation,
v) pavements material, and
vi) design of new pavement.

Preliminary design consists of choosing the wearing course, according to the
category of the road and weather conditions and then, making a preliminary design of
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the pavement, having as a reference comparable situation. The design of the wearing
course follows the procedures used for asphalt mixes design. Aggregate gradation for
wearing course is defined in the standards as well as the type of binder.

The control of the fatigue of the subgrade consists in the comparison between the
calculated stresses/strains with the admissible values that are determined according to
the expected traffic, the accepted failure risk, the strength of the materials, and
thermal effects.

The adjustment of the pavement system and calculated layer thickness were taken
into considerations,

1) restrictions of minimum and maximum thickness of each material to achieve the

compaction and evenness objectives,
i1) risk of debonding by limitation of the number of interfaces,
i11) and the suitable protection of the base layers.

The last step in the pavement design according to the French method is the
verification of the frost/thaw behavior, which includes the following evaluations.

- The atmospheric frost index chosen as reference, IR that characterizes the severity of

winter against which the pavement is protected.

- The atmospheric frost index that the pavement is able to withstand, which defines
the allowed frost index IA.

IR is evaluated according to the frost susceptibility of the subgrade, the thermal
protection and mechanical function fulfilled by the pavement. The pavement structure
is designed so that the allowed frost index (IA) of the pavement is higher than the
reference frost index (IR).

IA is the calculated function of the susceptibility of the pavement foundation
provided by the non frost-susceptible materials of the capping layer and of the
subgrade. It is also the function of the quantity of frost that will be allowed to be
transmitted through to the deeper, frost-susceptible layers of the underground.
Different types of pavement structures are considered to design road pavement, which
include flexible, rigid and composite pavement. Flexible pavement has two variants:
pavements with granular base variants and full depth asphalt pavement can have slabs
or be constituted by continuous reinforced concrete. Composite pavement includes the
use of asphalt layers and cement treated layers on base layers.(LCPC,1994)

3.2 Kivnon - Traffic
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The thickness of a road pavement is dependent upon the number, weight and
speed of load repetitions from the tyres of commercial vehicles. This has led to the
concept of millions of standard axles during the design life of the road (m.s.a.) as the
parameter for thickness design, though for very lightly trafficked applications the

number of commercial vehicles may be more appropriate.
The total number of Standard Axles is built up of four factors:

(1) Number of commercial vehicles per lane per day.

(2) Their vehicle wear factor i.e. how many standard axles per vehicle.
(3) The design life of the pavement.

(4) The anticipated growth in commercial vehicles over the design life.

The speed of load repetitions has more effect on the performance of the materials
in the surfacing layer rather than its thickness and is taken into account in designing
the required deformation resistance.

Traffic data constitutes one of the key elements required for the design and analysis
of pavement structures. The first equivalency factors used to determine the number of
ESAL were based on the present serviceability index (PSI) concept.

The ESAL uses the concept of the equivalent axle load factor (EALF), which
defines the ratio between the damage caused by the passage of an axle on a pavement
and the damage caused by the passage of a standard axle on the same pavement. This
EALF is used in pavement design to convert the spectrum of vehicles with different
loads and types of axles (single, tandem, and tridem) into single axles with dual tires,
1.e., the ESAL.

Px is the actual axle load, P80 is the load of the standard axle (80KN), and a is a
coefficient function of the pavement stiffness.

EALF=(Px/P80)"a (1)

This equation fails to consider the type of axle (single, tandem, tridem) in the
calculation of EALF, and only considers the total load of the axles. However, the
French pavement design manual (LCPC, 1994) considers the type of axles, where k is
a coefficient function of the type of axle (single, tandem or tridem)

P130 is the load of the standard axle (130 kN) adopted in the French pavement design
manual.
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EALF=K(Px/P130)

The k coefficient does not take into account the variety of flexible pavement, both
in terms of thickness and stiffness of the pavement layers. Another factor which is not
taken into account is the distance between the axles (tandem and tridem axles), which
has an important effect on the state of stress and strain on the pavement and thus has
an important effect on the load equivalency factor. In terms of standard axle, the
French pavement design manual adopted the 130 kN standard axle, with dual tires of
wheel loads, for both flexible and rigid pavement, which corresponds to the maximum
legal limit in France.

The Shell Pavement Design Manual used a different approach to consider the traffic
for pavement design. The standard design single axle load adopted was 80 kN,
applied through two wheels of 20 kN. The gap between the two wheels was equal to
the radius.

The calculation of the number of standard axles is made by the Eq. (3), where N
is the number of standard axles and L is the axle load to be transformed (kN). This

equation is equivalent to the Eq. (1), considering 4 as the exponent. The coefficient
2.2 * 10"-8 corresponds to a standard axle of 82 kN.

N 14=2.2 A 10A8L4 (3)

Tandem and tridem axles are treated as two and three separate axles. A loading time
0f 0.02 s is considered, which corresponds to a speed of 50-60 km/h.
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3.3 YmoéoTpwpa (uoiIKo £€5a@og) - Sub grade

The subgrade will also play a very important role in determining the performance

of the pavement, including the length of its service life. The subgrade has to perform

in two different sets of circumstances.

During construction it has to protect the subgrade and withstand the relatively
high stresses generated within it by construction traffic (i.e. excavators, lorries,
pavers, etc.). Although the number of stress repetitions will be lower than
when it is in service and the line travelled by plant is not as channelised as that
taken by traffic when the pavement is in service, the intensity of individual
loads will be much higher because site traffic travels directly on the
foundation. In addition, it may well be exposed to adverse weather conditions
without the protection of the overlying pavement layers.

In service, traffic, in terms of the line travelled, is much more disciplined. The
load intensity will be reduced because of the effect of the intervening
pavement. However, the number of stress repetitions will be very much higher
than was the case during construction.

Like the subgrade, constructing the foundation requires great care. The
material chosen must be appropriate for the role it has to fulfil. In addition, it
has to be place in a strict conformance with the specification if it is to perform
adequately (layer thickness, compaction passes, etc.).

For design purposes, the mechanical behavior of soils in the pavement foundation

is characterized in a very simple way through the CBR value.

In the Shell pavement design method, the definition of the subgrade properties for

pavement design consists in the determination of the subgrade modulus, which is

considered in this method into two ways:

1. The CBR value of the subgrade soil.

2. The classification of the subgrade soil, either by the AASHO soil classification or

by the Unified soil classification.

Subgrade modulus (Pa) is given by Eq. (5), which must be used with accuracy since

the model has a factor of two between the values given by the model and current
values (Claussen et al., 1977).

E 14 107CBR (5)

where CBR is the bearing capacity of the subgrade (%).

In the UK method, the stiffness of the subgrade (MPa) is defined in function of the
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CBR through the Eq. (6).
E 1/4 17.6CBRO0.64 (6)

In this method, the pavement structure is also composed of a capping layer when
the CBR of the subgrade is inferior to 5%, in order to provide a working platform on
which sub-base construction can proceed with minimum interruption in wet weather
and to minimize the effect of a weak subgrade on road performance. The capping
layer reduces the risk of damage during construction operations to any cement-bound
materials above the capping layer and thus improving the structural contribution of
these layers.

In terms of permanent deformation, the different pavement design manuals have
fatigue laws, which relate the strain level at the top of the subgrade with the number
of loading cycles. Shell manual (Shell International Petroleum Company, Ltd, 1978)
has different fatigue laws in function of the confidence interval, as indicated in Eq.
(7), where a 14 2.8 A 10A2 for 50% confidence, a 14 2.1 A 10A2 for 85%
confidence and a 14 1.8 A 10A2 for 95% confidence.

1/4 aNA0.25 (7)

The permanent deformation in the UK design method is considered by the model
presented in Eq. (8).

b logd NP1/4 A7.21 A 3.9510gd3 z(8)

In the French design method, the permanent deformation due to the subgrade is
considered in function of the traffic volume through the Eq. (9), where a 14 0.012 for
traffic ! T3 and a 1/4 0.016 for traffic < T3.

3 z 1/4 aNA0.222 (9)

These models, for the definition of the subgrade modulus and the permanent
deformation resistance of the pavement foundation, are easily applied due to their
simplicity. How- ever, due to their simplicity they include great simplifications by not
including the effect of all variables inherent to the phenomenon that they try to
simulate. Thus, their application must be done with all precautions because the
obtained results may not represent the real behavior of the pavement.
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3.4 MepiBallovTikég ouvBikeg — Environmental
Conditions

Climate is a major factor affecting pavement performance. Climatic effects,
such as temperature and moisture, influence the response of the pavement to axle
loads. In addition, the climate may affect the pavement more directly and accelerate
deterioration, either by itself or in combination with heavy vehicle loads. The
importance of the effects considered in a pavement design methods depends on the
geographical location of each particular country.

The countries of Northern Europe that are exposed severe winter conditions
(Denmark, Finland, Norway and Sweden) and countries with all or part of their
territory under the influence of a Continental climate (Germany, Austria, Poland,
Slovenia) implicitly take frost into account in their design processes.

Mediterranean countries (Spain, Greece, and Portugal) do not consider frost into
account in their design process.

Effects arising from seasonal temperature variations are widely considered in
pavement design methods of many European countries. Mostly, the effects of one or
two factors are considered. The most common being the temperature dependency of
the stiffness modulus of asphalt. Four countries, Belgium, Finland, Sweden and
Greece, consider more than two factors, whereas several countries (Hungary, Ireland,
Iceland,Switzerland) do not consider temperature variations in their pavement design
methods.

Ten countries (Belgium, Finland, Ireland, Germany, Hungary, The Netherlands,
Portugal, Romania, Slovenia and the United-Kingdom) consider effects arising from
variations in hydrological conditions.

Consideration of seasonal temperature variation effects in pavement design methods:

Figure 3.6 Seasonal variation of temperature in Europe “Transport COST 333
Research, development of new bituminous pavement design method”

Freeze/thaw
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For obvious reasons Portugal do not consider frost action in their design
method. Many countries allow an occasional and limited penetration of the frost front
into the surface of the subgrade.

Preventive methods, based on an empirical approach, consist of specifying a
minimum thickness of non-frost susceptible material for the surface layers of the road.
This ensures there is only a remote probability of frost reaching the susceptible
subgrade. The value of this minimal thickness depends on several factors.

The most common of which are:

* The frost index (expressed in °C.day or °C.hour) and/or the frost penetration depth.
These are either calculated or measured locally, or determined using charts or maps
provided by the meteorological services of the country.

* The class of frost susceptibility of the subgrade materials. This is usually determined
empirically, either with the help of tables indicating the usual behaviour of a given
material, or from the particle grading. There are usually three or four classes of frost
susceptibility.

* The type of structure. This is linked to the thermal conductivity and their insulating
character of the materials in the road.
The intervening factors in a more specific way are:

» Hydrological condition of the subgrade (proximity of the ground water, conditions
of drainage: as in UK, Germany).

» Environmental conditions (presence of roadside, orientation of the road, cut zone or
fill: as in Germany).
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For freeze/thaw, Mediterranean countries do not consider frost in their pavement
design method,since frost is not a problem in these countries.In the other European
countries, freeze/thaw events are taken into account in pavement design methods
through checks or preventive measures.

Bituminous mixtures
Layers bound with bituminous binders are required to have one or more of the
following characteristics:
- Stability
- Durability
- Flexibility
- Fatigue resistance
- Impermeability
- Workability
- Compressibility
The determining characteristics depend on the floor layer in which the mixture

is placed and the type of mixture. It is intended to ensure a good level in terms of

economy, durability and ease of execution.

Stability Ability to withstand the permanent deformations produced by the loads
under certain application conditions. Slow loads, high temperatures: main
contribution is due to the composition of the aggregate. Fast loads, reduced
temperatures: some bitumen contribution. Resistance depends essentially on the
internal friction of the materials (aggregate granulometry, particle shape, density of

the mixture and the amount and type of bitumen) and their cohesion

3.5 Aokiuyég — Fatigue laws

The fatigue of the bituminous mixtures due to the tensile horizontal strains
developed results in cracking of the bituminous layer. The fatigue behaviour is
affected by various parameters and primarily from the type and composition of the
mixture, the characteristic properties of the bitumen, the environmental temperature
and the stress conditions. Under given conditions the bituminous layers can take a
certain number of traffic loading before they crack.

Several nomographs and equations have been developed for the prediction of
fatigue performance of the bituminous mixtures. Each one differs in complexity, i.e.
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in the number of parameters taken in order to characterize the mixture and the
bitumen, the test conditions etc., and in the type and number of mixtures covered in
the experimental data which were used to device the method.

In the present study the fatigue equation used was the one based on the work reported

by Valkering and Stapel.

The equation was developed after many years laboratory work using various
types of bituminous mixtures inclusive asphaltic concrete type. The equation used is

as follows:

. - EX T 3
Bape = (0L 836V s + 10X ) X (Nuce )

whers Egax hartzantel sensile streir
Vanow volume ar »rumen. %
Sy stlloess modulus of (he bituwimninous texture, MPa
MNw = cumulative number ESA to Cause fatigue
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KEQDPAAAIO 4. — Pavement design method in Portugal

4.1 Eicaywyn — Introduction

The Portuguese pavement design guide for flexible, semi-rigid and rigid
pavements is based on a catalogue of standard pavement structures for 6 traffic
categories and 4 foundation (subgrade + capping layer) categories. This catalogue is
intended to be used to select the types of pavement structures to be used in the
national network and it is a preliminary design of pavements. The final pavement
design must be confirmed with a detailed mechanical analysis. Furthermore, if traffic
is too low or too high to fit into the 6 categories, a specific analysis must be
performed.

The catalogue was developed using an analytical approach, considering the
limitation of the tensile strain at the bottom of the bituminous layers and the
compressive strain at the top of the foundation as design criteria for fatigue cracking
and rutting, respectively. Traffic is expressed in terms of the equivalent number of 80
or 130 kN standard axles. Climatic effects were considered, and three climatic zones
were established; the guide provides indications on the type of bituminous binder to
be used in the bituminous mixtures according to the climatic zone and to the traffic
category.

Nominal design life is 20 years, although the guide strongly advises an
economic analysis for a period of 40 years to select the final design life. The guide
also gives some indications about the type of materials to be used in granular and
bituminous layers (for example, maximum dimension of aggregate, depending on
layer thickness), as well as the type of materials or soil improvements for the
pavements foundation - capping layer.

The next Table indicates the suggested pavement design period to be used in
the analysis of the three types of pavements. Flexible and semi-rigid pavements are
design for 20 years, and rigid pavements for 30 years.
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Texive:

semi-rigico _ 20

rigido

Mivakag 1. Pavement design period

4.2 MepiBaAAovTikéG ouvOnKeg — Environmental
Conditions

In Portugal the weather along the northern coasts and in the center of the
country is milder; Lisbon has an average high temperature of 14°C in January and
27°C in August. Southern Portugal is warmer. The ocean moderates coastal
temperatures, but the interior of the Alentejo can be quite warm, with temperatures
sometimes above 40°C during the summer months.[2]

Because of its Mediterranean climate, most of Portugal's rainfall occurs in the
winter, the north receiving much more rain than the south.

Mediterranean countries (Spain, Greece, and Portugal) do not consider frost into
account in their design process.Small countries like Hungary do not include climatic
effects specifically in their design method because there are no local climatic
variations and the whole country can be treated as single climatic zone.

4.3 Kivnon - Traffic

The design of the pavement structure is based on the Yearly Average Daily
Truck Traffic (TMDAp). The classes of vehicles admitted in Portuguese roads are
listed in next Table. However, for the design only the vehicles from classes f to k are
considered.
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NOVELLSaRES
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CAMTOFS SF MATS IF 3000 Uy PFCARBE S/RFAINQF

CANZECS £/ W OU MALS REDOQUCS

TRACTCRES ¢/ SEML-2ERDCUS
TRATTORFS ¢ SFMT-IFROVYIF F L O.) MATS RFRICUES
TRACTORLE €/ UM OU MAZS REBDQUCS

AUTOXARCSF T | FY3S

TRACTORLE & RCTOQUL OV STMI-ROIOQLC "RACTORLS

ASRTICH AS 5 UFTAA N5 SSPRITATS GCTITNERAS R BOTARS =TT

AL TIORGOS D TS M

Mivakag 2. Types of the vehicles, vehicles from f item are included in the pavement

design

Mivakag 3. Aggressive factor, “Manual de concepcéo de pavimentos para a rede
rodoviaria nacional”

| Eacper ds diessividade
I 50 - 150 2 0.5
T, 150 - 300 3 Y
I T, 300 - 200 4 0,7
T S00 - %00 45 0.3
T 800 - 1200 | : (.5
T, | 200 - 200 55 0 |

In the case of the semi-rigid structures the evaluation of the capacity is made in
terms of a standard axis of 130 kN, then using a heavy traffic aggressiveness factor

ranging from 0.5 to 1 as indicated in previous Table.

Taking into account the values admitted for the average annual growth rate and

for the aggressiveness factor, the cumulative traffic of standard axes during the sizing

period, corresponding to the various traffic classes by:
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que:

\zﬁn

ok R

é ¢ nimero acumulade de passagens dc eixo padrio

¢ a taxa média de crescimento anual do trifego pesado

é o facwor de zgressividade do rrifego

periodo de dimensionamento

¢ u facter de crescimento co trifego, que tem era comia ¢ perfodo de
dimensicnarmenio (p) € a taxa média de erescimento anual (), sendo daclo
por:
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Consideragao do trafego no dimensionamento

Estudo de trafego TMDA

Fercaemagem de Porackos

Trafego médio didnoe anual de veiculos
pesados o ano Jde eberluta, pos sentido de
circulzgdo, na via mais scheitada (F'MDA)

Feoriods de dimensionaments (p;
Tuxa nédic de crescimane anwal (2)

Niamrero acumulkado de veiculos pesados
NAVP

Faiew de cgroesividdade (@)

Numero acumulado de passagens do eixo padrio
NA™ - NAVEP

NAVP =365%x (TMDA) < Cx p

) ) . (+e) =1
Faclor d2 crescimento de tréfege: € =
', »x/!

4.4 YropBaon - Subgrade

The following table shows the relation between traffic (traffic volume) and the
foundation bearing capacity. For the smallest traffic category as TS and T6 is suitable
F1 class of foundation but for higher traffic volumes is advised to have better
foundation conditions as the F4 class. [1]
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Mivakag 4. Classification of foundations, “Manual de concepc¢édo de pavimentos para a
rede rodoviaria nacional”
Categories of rating bearing capacity , determined on a CBR coefficient is

determined type of foundation.

The manual distinguishes 5 types of soil conditions with different rating bearing
capacity concern to applied foundation. Types of foundation require different soils.
Particular group of soils are proper to use specific foundation.

ERnpare (L et i bl

S .

=0 ST, vu

B P e i - 13 ST, 1esh
R _
vy — §EG
48]
Bee
s — - : |
0 -—_l

Mivakag 5. Dependence between soil and foundation, “ Manual de concepgdo de
pavimentos para a rede rodoviaria nacional”

Informations mentioned below could be implied in this way : roughly layer of
soil S, could be used to foundation F , but as well could be used thinner layer of soil

S5. During design of base should be guided by economy.

The next indicate the thicknesses of non-bonded or treated materials with lime
or hydraulic binders to be used in the pavement layers, to obtain the class of intended

foundation.
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Nivakag 6. Layer in non-bonded materials.

4.5 YAIKA erioTpwong - Paving materials

The Portuguese road network mainly consists of asphalt pavements composed
of upper layers in asphalt concrete and unbound granular layers of base and sub-base
in crushed natural aggregates.

Characteristics of granular materials that used in Portugal
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material britade recomposto em central
wanulometiia extensa

BCr 03.1.2.2 | dimensdv maxima: 22 non

eyuivaienle <& weia minkme; 70 %

Los angeles maxime: 30 % (granulomzuia G}

material britado sem recomposicio (‘cur-venant)
aplicado em camada de base
. ~ . | granilomecriz extensz
3G @G.12.1 dimemedo mising: 37,5
eyuivalente d2 areia minimo. 3C %
Los Angeles maximo: 33 % (manvlomeuia F)

material britado sem recomposicic [fvxi-venani)
aplicado em camada de sub-base
= . granu.cmerria extensu
S5 03.1.13 dimeasdo médxima: 50 mm
equivalente de zreia mizimo: 50 %
Lcs Angeles mdximo: 40 % (zranulometria B)

material nio britado

gramulometria extensa

GN 03.1.1.2 | dimens2o maxima; 75 nun

2quivalerte de sreia minimo: 30 %

Las Angsies méxima: 40 % (granulometria E)

solo selcecicnado

indice de plasticidad: =< 6 %

&8 031 1.1 | limite de liquidez < 25 %

CER> 10 % [grau de compat, =¥3%; Froctor modificado)
cquivalen:e de areia minimo: 23 %

Mivakag 7. Granular materials

EGr = 2,5 x E carzadz inferior 0,38
BG = 2 x & camada mfe<or 0,35
vsw » = 2 x I camada inferior 0,35
GN = 1 3 x = camada in%2ricr 0,33
88 = 1.2  E camada infericr 0,40

Mivakag 8. Deformability characteristics of granular materials:
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P e ALK o e

macedames betumineso em emoda da bass |
e wio mix ma co agrepgade: 37,5 mm

MB 03411 |porentbemmme:40-4383%
porcexade: & o % .
eapsssuca recomencdvel: D 15 ¢m (mon, § cm: max. (b em)
macodeme batumninoso em camsds de reguiarizagio
dimensio réxima do sgregado 23 mm

MB 0422 | morembeune 40-8%
pocosidace: 3 - 10 %
¢spessur recomendivel: 8- ldem
mstara becaminesa densa s camada de regalarizacho
dimarsa2 mixims 4c agregaco: 16 mm

MBD U3 &4 | xorombetume: 38-3.4 %
parosidade: 4 -6 %
espessare recomendivel: S-S5cm
‘w10 hetumiroso e camada o desgaste
dmenslo mixira Jo ageegslo 14 me

BO 03,4351 eorem betumy: S.2-58 &
l'ul'ﬁi.t‘d:' 3- 5 1
sspessuna revoimenkivel d<Gom

Mivakag 9. Hot asphalt mixtures characteristics:

In Portuguese road constructions used three types of bituminous currently:

BD: Asphalt concrete applied in the wearing course with crushed aggregates, sand

filler with a bitumen binder.

MBD: Asphalt concrete applied as binder layer with crushed aggregates, sand filler

with a bitumen binder.

MB: Bituminous macadam applied in the base layer and composed of crushed
aggregates, sand filler with a bitumen binder.
B Composigdao volumetrica (%)
Couvigo agrenado ceture vazios
V) V) (v,)
50 84 12 4 |
MBD 84 W) 3 .|
M3 24 9 7

Mivakag 10. Volumetric characteristics of hot bituminous mixtures
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Zona termica '

['emperada Média Quenze
T o e
¢ | 55 60/70 60170
;f'. T, 60/70 80/70
el T, 80770 60/70 60570
b T: 80/70 | 60/70 6070
T, 60/70 | 60/7¢ 6070

Mivakag 11. Classes of bitumen to be used for hot bituminous mixtures

4.6 MNpoteivopeveg dopéG odooTpwWHATWY - Proposed
pavement structures

Using tables are taken from” Manual de concepcdo de pavimentos para a rede
rodoviaria nacional, all of the following tables and pictures” as a example of
pavements’ constructions.[1]

1. Types of flexible pavement (class F3 foundation)
2. First layer — BD — it is surface layer (asphalt concrete)
3. Second layer - MB/MBD — base layer (asphalt concrete)

Third layer — SbG — granular subbase
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— e v

18 :

I, | nao adequado |
k. + 4 cm

]
F, -2 em

2. Types of flexible pavement (class F3 foundation)

AW

First layer - BD - it is surface layer (asphalt concrete)
Second layer - MB/MBD - base layer (asphalt concrete)
Third layer - BG - crushed stone aggregate

Fourth layer - SbG - granular subbase
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23 2
R (3 19
11 V
k
2J
- . i
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e l T ‘ T, | -
[, [ 1 5cm (Te, Ty
F, -~ 2 cm
Fy nio adequado

3.Types of flexible pavement (class F3 foundation)

1. First layer - BD - it is surface layer (asphalt concrete)
2. Second layer - MB/MBD - base layer (asphalt concrete)
3. Third layer - Sc - cement soil
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16

B, nic adecuado
- ~+ 4 cm
by nao adecuado

Types of semi-rigid pavement (class F3 foundation)

First layer - BD - it is surface layer (asphalt concrete)
Second layer - MB/MBD - base layer (asphalt concrete)
Third layer - BP2 - lean concrete

Fourth layer - SbG - granular subbase
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r—‘——'-"
| il
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FriaiEtl 13 Lk
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i
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| F, + d cm (T Ty |
; F. + 2cm
F. | -2 cm

Types of semi-rigid pavement (class F3 foundation)

N wWwbN =

First layer - BD - it is surface layer (asphalt concrete)

Second layer - MB/MBD - base layer (asphalt concrete)
Third layer - BP2 - lean concrete

Fourth layer - Sc - cement soil
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I, | Ts T. i 1 1 | | l

F, + 4 em (I To)

F, + 2 Ci

. -2 cm

Types of semi-rigid pavement (class F3 foundation) :

First layer - BD - it is surface layer (asphalt concrete)
Second layer - MB/MBD - base layer (asphalt concrete)
Third layer - MG1 - soil

Fourth layer - BP2 - lean concrete

AN wWwN =

k, + 2 cm
F, -2 cm
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KE®AAAIO 5. Mepitrtwon peAétng — Case study
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Pavement design with the Shell Method.

Contain the following elements:

specification of selected materials.

basic considerations for the sizing of the pavement,
pre-design according to MACOPAY,
justification of the proposed pavement structure with the Shell Method,

Traffic

Description

TA

TMDAAn0 0 = 4000 vehicles (per

way)
15% heavy
Growth rate: 3,5% (1% 5 years);
2,0% (afterwards)

B

TMDAAn0 0 = 7500 vehicles (per

way)
12% heavy
Growth rate: 4,0% (1° 5 years);
1,5% (afterwards)

Foundation

Description

FA

Silty sand with gravel (SM), CBR =
12%

FB

Clay and sand (SC), CBR = 5%

Material

Custo
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Soil for subgrade improvement 10€/m?3
Crushed aggregate (2,15 Mg/m?3) 0,90€/m2 + 6€/ton
AC base layer (2,35 Mg/m?3) 1€/m2 + 35€/ton
AC wearing layer (2,35 Mg/m?) 1€/m2 + 42€/ton
Impregnation coating (bituminous 0,75€/m2
emulsion)
Bond coating (bituminous emulsion) 0,75€/m?

Temperature

Shell is using a specific model to calculate the average temperature by using the

figures 5.4 and 5.5

Based on a large number of calculations, Shell researchers concluded that it is
possible to define a weighted mean annual air temperature (w-MAAT) such that the
damage that accumulates over one year is the same as by taking into account varying
temperature conditions over a year. In order to so, a weighing factor has to be
determined using the mean monthly air temperature (MMAT) as input. When the

weighing factor is known, the weighted mean annual air temperature can be

WEELMIING PAC IO
Oy

o) $7n

N,

0ot

i 0 < 0 w 0
AR TEMPRASTURE *C

determined.

Figure 5.4 shows the monthly
average air temperature

Figure 5.4 Temperature weighing chart.

monthly temperature w_TMMA=
0,00723* e"0,1296* TMMA

average year temperature Sum
(w_TMMA)/12

Final temperature TMMA= 7,7068

Figure 5.5 is used if the weighted mean annual air temperature is known.

Figure 5.5 Pavement temperature versus
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Air Temperature

EFFECTY/E ASPHALT TEMPERATURE, .
SOr

ATP=ALT T=ICKNESE, e

| s
/’/’"‘9
404 ‘//l‘w

S .
70 i

The Shell procedure described here can be used for the thickness design of

asphalt pavements but not for permanent deformation analyses. In those case one
should take into account the real temperature distributions.

- First Case- Location; CASTELO BRANCO -

Informations about the traffic:

(TMDA)p Traffic= 4000 Vlic/ day
15% heavy

80kN

3.5% Period of design p=5 years

2.0% remaining

Table 5.1 shows the relative elements at the various classes of traffic, with the number

of the axles of 80 or 130 kN, consider respectively in the case of flexible or
semi-rigid.

Table 5.1 Relative traffic elements.
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estudo eszecifico

: 2 2x10F| 035 |S5ax10°

3 gx 10° 0.6 |2x10°

: " 4 2x 107 0.7 1 x10° |
- 500 45 4x 10 08 | 7x10°
8C0-1200 " S 7x10'| 0.2 107

1 2002000 S.5 ¢ 1.0 2x 107

>2000 estudo especifico

(TMDA, tritegs rdio diirio anval &2 weikalos pesacos no ano d2 abarura, por sentio e ms
via mais sshstaca

NG nirw1o wZumukda de pinos sadsio de BO KN

e ndveio scumukde de saos xddo de 132 kN

Using the formula :

_d+0r-1
=

C Ngim o =365 TMDA,+sCep e a

N¥™ _ s the cumulative number of standard axle

t - is the average annual growth of heavy traffic

p -period of design

C - is the factor of traffic growth, which takes into account the period of design
a— aggressive factor of traffic

Results = class T3

Aggressive factor of traffic o= 4,5

Néim=) 64 *10~7  Class T4

Table 5.2 present the foreseeable inclusion of the different soil types, included 6
classes of foundation soil..
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Table 5.2 Classes of foundation soil.
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From the Table 5.2 we have the results:

Subgrade (FA)

Category of the soil class SM= Silty Sand with gravel
CBR=12%
Class= S3

From Table 4.7:
The layer: improvement subgrade with 20cm natural S4

The Model is Class F3 , E =100 MPa
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Bitumen Conditions

Bitumen Pen Tab

35/50 42,5 54
50/70 60 50

Case 1. Pre-design pavement structure  CLASS T4/ F3

e — 6cm asphalt wearing course
iy B AC2lem  +
M B f !\{ BD : 15cm asphalt base layer
20cm subase

Mechanical analysis based in MACOPAV:

E V H
LAYERS  (MPa) (cm)
1 5620 035 6.0
2 4180 0.35 15.0
3210 035 20.0

4 100 0.45 SEMI-INFINITE

CARGA TOTAL F= 20.0 kN

PRESSAO DE ENCHIMENTO  P= 577.4 kPa (_83.8 psi)

RAIO DE IMPRESS R= 10.5cm
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LOCALIZACAO DOS PNEUS NO PLANO Z=0

N  X(cm) Y(cm)

1 -15.750 0.000

2 15.750 0.000

LOCALIZACAO DOS PONTOS ONDE SE PRETENDEM

RESULTADOS

PROFUNDIDADE (cm)

Z= 21.0 41.0

COORDENADAS SEGUNDO X-Y (cm)

X= 0.0 15.8
Y= 0.0 0.0
Z= 21.00
X=_0.00 15.75
Y= 0.00 0.00
TENSOES NORMAIS (MPa)

SXX 0.413E+00 0.476E+00

SYY 0.572E+00 0.573E+00

SZ7 -0.445E-01 -0.455E-01

TENSOES TANGENCIAIS (MPa)

SXY 0.000E+00 0.000E+00

SXZ 0.000E+00 -0.813E-02

SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)
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PS1 0.572E+00 0.573E+00

PS2 0.413E+00 0.476E+00

PS 3 -0.445E-01 -0.456E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)

PSS1 0.308E+00 0.309E+00

PSS2 0.793E-01 0.486E-01

PSS3 0.229E+00 0.261E+00

DESLOCAMENTOS (mm)

UX 0.000E+00 0.994E-02

UY 0.000E+00 0.000E+00

UZ 0.260E+00 0.254E+00

EXTENSOES NORMAIS

EXX 0.547E-04 0.696E-04

EYY 0.106E-03 0.101E-03

EZZ -0.932E-04 -0.987E-04

EXTENSOES TANGENCIAIS

EXY 0.000E+00 0.000E+00

EXZ 0.000E+00 -0.525E-05

EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.106E-03 0.101E-03

PE2 0.547E-04 0.697E-04

PE 3 -0.932E-04 -0.988E-04
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EXTENSOES TANGENCIAIS MAXIMAS

PSEl 0.199E-03 0.200E-03

PSE2 0.512E-04 0.314E-04

PSE3 0.148E-03 0.168E-03

(+) TRACCAO ; (-) COMPRESSAO

Z= 41.00 CAMADA NO 3

X=_0.00 15.75

Y= 0.00 0.00

TENSOES NORMAIS (MPa)

SXX 0.154E-01 0.131E-01

SYY 0.179E-01 0.163E-01

SZ7Z -0.242E-01 -0.224E-01

TENSOES TANGENCIAIS (MPa)

SXY 0.000E+00 0.000E+00

SX7 0.000E+00 -0.311E-02

SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)

PS1 0.179E-01 0.163E-01

PS2 0.154E-01 0.134E-01

PS3 -0.242E-01 -0.227E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)
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PSS1 0.210E-01 0.195E-01

PSS2 0.127E-02 0.142E-02

PSS3 0.198E-01 0.180E-00

DESLOCAMENTOS (mm)

UX_0.000E+00 0.126E-01

UY 0.000E+00 0.000E+00

UZ 0.223E+00 0.218E+00

EXTENSOES NORMAIS

EXX 0.836E-04 0.728E-04

EYY 0.999E-04 0.928E-04

EZ7Z -0.171E-03 -0.156E-03

EXTENSOES TANGENCIAIS

EXY 0.000E+00 0.000E+00

EXZ 0.000E+00 -0.400E-04

EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.999E-04 0.928E-04

PE2 0.836E-04 0.746E-04

PE3 -0.171E-03 -0.157E-03

EXTENSOES TANGENCIAIS MAXIMAS

PSE1 0.270E-03 0.250E-03PSE2 0.163E-04 0.183E-04

PSE3 0.254E-03 0.232E-03
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(+) TRACCAO : (-) COMPRESSAO

Et=0.106 * 107-3  Damage 138%
Edb=0.171 * 10 #-3 Damage 22% OK

Case 2. Pre-design pavement structure

, AC 6cm
. BD W .coem AC 14em
MB/MBD
BG 20cm
20cm

Mechanical analysis based in MACOPAV:

E vV H
LAYERS (MPa) (cm)
1 5620 035 6.0

2 4225035 14.0
3290 0.35 40.0

4 100 0.45 SEMI-INFINITE

CARGA TOTAL F= 20.0kN
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PRESSAO DE ENCHIMENTO P= 577.4 kPa (_83.8 psi)

RAIO DE IMPRESS R= 10.5cm

LOCALIZACAO DOS PNEUS NO PLANO 7Z=0

N  X(cm) Y(cm)

1 -15.750 0.000

2 15.750 0.000

LOCALIZACAO DOS PONTOS ONDE SE PRETENDEM

RESULTADOS

PROFUNDIDADE (cm)

Z= 20.0 60.0

COORDENADAS SEGUNDO X-Y (cm)

X= 0.0 15.8

Y= 0.0 0.0

Z= 20.00 CAMADA NO 2

X=_0.00 15.75

Y= 0.00 0.00

TENSOES NORMAIS (MPa)

SXX 0.330E+00 0.416E+00

SYY 0.497E+00 0.511E+00

SZ7 -0.602E-01 -0.625E-01

TENSOES TANGENCIAIS (MPa)

SXY 0.000E+00 0.000E+00

SXZ 0.000E+00 -0.107E-01
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SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)

PS1 0.497E+00 0.511E+00

PS2 0.330E+00 0.417E+00

PS 3 -0.602E-01 -0.627E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)

PSS1 0.279E+00 0.287E+00

PSS2 0.838E-01 0.474E-01

PSS3 0.195E+00 0.240E+00

DESLOCAMENTOS (mm)
UX 0.000E+00 0.826E-02

UY 0.000E+00 0.000E+00

UZ 0.233E+00 0.230E+00

EXTENSOES NORMAIS

EXX 0.419E-04 0.613E-04

EYY 0.954E-04 0.917E-04

EZ7Z -0.828E-04 -0.916E-04

EXTENSOES TANGENCIAIS

EXY 0.000E+00 0.000E+00

EXZ 0.000E+00 -0.682E-05

EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.954E-04 0.917E-04
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PE2 0.419E-04 0.614E-04

PE 3 -0.828E-04 -0.917E-04

EXTENSOES TANGENCIAIS MAXIMAS

PSEl 0.178E-03 0.183E-03

PSE2 0.535E-04 0.303E-04

PSE3 0.125E-03 0.153E-03

(+) TRACCAO : (-) COMPRESSAO

Z= 60.00 CAMADA NO 3

X=_0.00 15.75

Y= 0.00 0.00

TENSOES NORMALIS (MPa)

SXX 0.203E-01 0.179E-01

SYY 0.218E-01 0.201E-01

SZZ -0.161E-01 -0.154E-01

TENSOES TANGENCIAIS (MPa)

SXY 0.000E+00 0.000E+00

SX7 0.000E+00 -0.203E-02

SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)

PS1 0.218E-01 0.201E-01

PS2 0.203E-01 0.180E-01

PS3 -0.161E-01 -0.155E-01
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TENSOES TANGENCIAIS MAXIMAS (MPa)

PSS1 0.189E-01 0.178E-01

PSS2 0.710E-03 0.102E-02

PSS3 0.182E-01 0.168E-01

DESLOCAMENTOS (mm)

UX_0.000E+00 0.978E-02

UY 0.000E+00 0.000E+00

UZ 0.179E+00 0.179E+00

EXTENSOES NORMAIS

EXX 0.633E-04 0.561E-04

EYY 0.699E-04 0.662E-04

EZ7Z -0.106E-03 -0.989E-04

EXTENSOES TANGENCIAIS

EXY 0.000E+00 0.000E+00

EXZ 0.000E+00 -0.189E-04

EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.699E-04 0.662E-04

PE2 0.633E-04 0.567E-04

PE 3 -0.106E-03 -0.995E-04

EXTENSOES TANGENCIAIS MAXIMAS

PSE1 0.176E-03 0.166E-03

PSE2 0.661E-05 0.951E-05

PSE3 0.170E-03 0.156E-03
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(+) TRACCAO ; (-) COMPRESSA

E=296 MPa
Et=0.954*10"-4 Damage 83%

Edb=0.106*10"-3 Damage 3%

-Second case-Location: COIMBRA -

Traffic (TMDA)p =900 Vlic/day

T2=80kN

Ndim=43,9*%10"6

Class T2 7*10"7

From Table 5.3: FB CBR=5%,

Category : SC Soil Clay ash sand, 30 cm S4
Soil on top of natural subgrade F3

The model is F3 Modulus=100Mpa

Case 1. Pre-design structure CLASS T2/ F3

- AC 0/14  -6cm

- AC 26cm AC 0/25

-10cm

MB/MBD 79




- AC0/25 -10.  20cm

Mechanical analysis based in MACOPAV:
E V H
LAYERS (MPa) (cm)

1 5750 0.35 6.0

2 4520 0.35 10.0
3 3810 0.35 10.0
4 210 0.35 20.0

5 100 0.45 SEMI-INFINITE

CARGA TOTAL F= 20.0kN

PRESSAO DE ENCHIMENTO _P= 577.4 kPa (_83.8 psi)

RAIO DE IMPRESS R= 10.5cm

LOCALIZACAO DOS PNEUS NO PLANO Z=0

N  X(cm) Y(cm)

1 -15.750 0.000

2 15.750 0.000

LOCALIZACAO DOS PONTOS ONDE SE PRETENDEM
RESULTADOS

PROFUNDIDADE (cm)

Z= 26.0 46.0

COORDENADAS SEGUNDO X-Y (cm)

X= 0.0 15.8

Y= 0.0 0.0

Z= 26.00 CAMADA NO 3
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X=_0.00 15.75

Y= 0.00 0.00

TENSOES NORMAIS (MPa)

SXX 0.329E+00 0.334E+00

SYY 0.417E+00 0.399E+00

SZ7 -0.326E-01 -0.321E-01

TENSOES TANGENCIAIS (MPa)

SXY 0.000E+00 0.000E+00

SXZ 0.000E+00 -0.613E-02

SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)

PS1 0.417E+00 0.399E+00

PS2 0.329E+00 0.334E+00

PS 3 -0.326E-01 -0.322E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)

PSS1_0.225E+00 0.215E+00

PSS2 0.441E-01 0.323E-01

PSS3 0.181E+00 0.183E+00

DESLOCAMENTOS (mm)

UX  0.000E+00 0.846E-02

UY 0.000E+00 0.000E+00

UZ 0.220E+00 0.217E+00

EXTENSOES NORMAIS

EXX 0.510E-04 0.540E-04

EYY 0.822E-04 0.769E-04
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EZ7Z -0.771E-04 -0.757E-04

EXTENSOES TANGENCIAIS

EXY 0.000E+00 0.000E+00

EXZ 0.000E+00 -0.434E-05

EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.822E-04 0.769E-04

PE2 0.510E-04 0.540E-04

PE3 -0.771E-04 -0.757E-04

EXTENSOES TANGENCIAIS MAXIMAS

PSE1l 0.159E-03 0.153E-03

PSE2 0.312E-04 0.229E-04

PSE3 0.128E-03 0.130E-03

(+) TRACCAO : (-) COMPRESSAO

Z= 46.00 CAMADA NO 4

X=_0.00 15.75
Y= 0.00 0.00
TENSOES NORMAIS (MPa)

SXX 0.120E-01 0.101E-01

SYY 0.136E-01 0.122E-01

SZ7Z -0.180E-01 -0.169E-01

TENSOES TANGENCIAIS (MPa)

SXY 0.000E+00 0.000E+00

SXZ7 0.000E+00 -0.223E-02
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SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)

PS1 0.136E-01 0.122E-01

PS2 0.120E-01 0.103E-01

PS3 -0.180E-01 -0.171E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)

PSS1 0.158E-01 0.146E-01

PSS2 0.798E-03 0.940E-03

PSS3 0.150E-01 0.137E-01

DESLOCAMENTOS (mm)

UX 0.000E+00 0.983E-02

UY 0.000E+00 0.000E+00

UZ 0.191E+00 0.191E+00

EXTENSOES NORMALIS

EXX 0.645E-04 0.560E-04

EYY 0.747E-04 0.693E-04

EZ7Z -0.128E-03 -0.118E-03

EXTENSOES TANGENCIAIS

EXY 0.000E+00 0.000E+00

EXZ 0.000E+00 -0.286E-04

EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.747E-04 0.693E-04
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PE2 0.645E-04 0.572E-04

PE3 -0.128E-03 -0.119E-03

EXTENSOES TANGENCIAIS MAXIMAS

PSE1l 0.203E-03 0.188E-03

PSE2 0.103E-04 0.121E-04

PSE3 0.193E-03 0.176E-03

(+) TRACCAO : (-) COMPRESSAO

Et=0.822*10"-4 - Damage 55%

Edp=0.128*10"-3 - Damage 11% OVERDESIGNED

Case 2. Pre-design structure Structure

AT BD AC22cm  AC 8cm
MB/MBD ACHy

20
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Mechanical analysis based in MACOPAV:

E v H
LAYERS (MPa) (cm)
1 5750 0.35 6.0
2 4630 0.35 8.0

3 3970 0.35 8.0
4 210 0.35 20.0
5 100 0.45 SEMI-INFINITE

CARGA TOTAL F= 20.0 kN
PRESSAO DE ENCHIMENTO  P= 577.4 kPa ( 83.8 psi)

RAIO DE IMPRESS R= 10.5cm

LOCALIZACAO DOS PNEUS NO PLANO Z=0
N  X(cm) Y(cm)

1 -15.750 0.000

2 15.750 0.000

LOCALIZACAO DOS PONTOS ONDE SE PRETENDEM
RESULTADOS

PROFUNDIDADE (cm)
Z= 22.0 42.0
COORDENADAS SEGUNDO X-Y (cm)

X= 0.0 15.8
Y= 0.0 0.0
7= 22.00
X= 0.00 15.75
Y= 0.00 0.00
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TENSOES NORMAIS (MPa)
SXX 0.386E+00 0.428E-+00
SYY 0.521E+00 0.515E+00
SZZ -0.414E-01 -0.418E-01

TENSOES TANGENCIAIS (MPa)
SXY 0.000E+00 0.000E+00
SXZ 0.000E+00 -0.767E-02
SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)
PS1 0.521E+00 0.515E+00
PS2 0.386E+00 0.428E-+00
PS 3 -0.414E-01 -0.420E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)
PSS1 0.281E+00 0.278E+00

PSS2 0.673E-01 0.432E-01

PSS3 0.214E+00 0.235E+00

DESLOCAMENTOS (mm)
UX 0.000E+00 0.970E-02
UY 0.000E+00 0.000E+00
UZ 0.250E+00 0.245E+00

EXTENSOES NORMALIS
EXX 0.550E-04 0.662E-04
EYY 0.101E-03 0.956E-04
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EZZ -0.904E-04 -0.937E-04

EXTENSOES TANGENCIAIS
EXY 0.000E+00 0.000E+00
EXZ 0.000E+00 -0.521E-05
EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS

PE1 0.101E-03 0.956E-04
PE2 0.550E-04 0.662E-04
PE 3 -0.904E-04 -0.937E-04

EXTENSOES TANGENCIAIS MAXIMAS
PSE1 0.191E-03 0.189E-03
PSE2 0.458E-04 0.294E-04
PSE3 0.145E-03 0.160E-03

(+) TRACCAO ; (-) COMPRESSAO

Z= 42.00
X= 0.00 15.75
Y= 0.00 0.00
TENSOES NORMALIS (MPa)

SXX 0.146E-01 0.124E-01
SYY 0.168E-01 0.152E-01
SZ7Z -0.226E-01 -0.210E-01

TENSOES TANGENCIAIS (MPa)
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SXY 0.000E+00 0.000E+00
SXZ 0.000E+00 -0.288E-02
SYZ 0.000E+00 0.000E+00

TENSOES PRINCIPAIS (MPa)
PS1 0.168E-01 0.152E-01
PS2 0.146E-01 0.127E-01
PS 3 -0.226E-01 -0.212E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)
PSS1 0.197E-01 0.182E-01
PSS2 0.113E-02 0.128E-02
PSS3 0.186E-01 0.170E-01

DESLOCAMENTOS (mm)
UX  0.000E+00 0.120E-01
UY 0.000E+00 0.000E-+00
UZ 0.216E+00 0.212E+00

EXTENSOES NORMALIS
EXX 0.790E-04 0.688E-04
EYY 0.935E-04 0.868E-04
EZZ -0.160E-03 -0.146E-03

EXTENSOES TANGENCIAIS
EXY 0.000E+00 0.000E+00
EXZ 0.000E+00 -0.370E-04
EYZ 0.000E+00 0.000E+00
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EXTENSOES PRINCIPAIS
PE1 0.935E-04 0.868E-04
PE2 0.790E-04 0.703E-04
PE 3 -0.160E-03 -0.148E-03

EXTENSOES TANGENCIAIS MAXIMAS
PSE1 0.253E-03 0.234E-03
PSE2 0.145E-04 0.165E-04

PSE3 0.239E-03 0.218E-03

(+) TRACCAO ; (-) COMPRESSAO

Et=0,101*10"-3 - Damage 165%
Edp=0.160*10"-3 - Damage 27%

Case 3. Pre-design pavement structure CLASS T3 / F3

2
=!

B B‘D?V

© ‘

8

MB/MBD




20cm

Mechanical analysis:
E \% H
LAYERS  (MPa) (cm)
1 5750 0.35 6.0
2 4630035 8.0
3 3910 0.35 10.0
4 210 0.35 20.0
5 100 0.45 SEMI-INFINITO

CARGA TOTAL F= 20.0 kN
PRESSAO DE ENCHIMENTO  P= 577.4 kPa ( 83.8 psi)
RAIO DE IMPRESS R= 10.5cm

LOCALIZACAO DOS PNEUS NO PLANO Z=0
N  X(cm) Y(cm)

1 -15.750 0.000

2 15.750 0.000

LOCALIZACAO DOS PONTOS ONDE SE PRETENDEM
RESULTADOS

PROFUNDIDADE (cm)
Z= 24.0 44.0

COORDENADAS SEGUNDO X-Y (cm)
X= 0.0 15.8
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Y= 0.0 0.0

Z= 24.00
X= 0.00 15.75
Y= 0.00 0.00

TENSOES NORMALIS (MPa)
SXX 0.359E+00 0.379E+00
SYY 0.467E+00 0.454E+00
SZZ -0.366E-01 -0.364E-01

TENSOES TANGENCIAIS (MPa)
SXY 0.000E+00 0.000E-+00
SXZ 0.000E+00 -0.683E-02
SYZ 0.000E+00 0.000E-+00

TENSOES PRINCIPAIS (MPa)
PS1 0.467E+00 0.454E+00
PS2 0.359E+00 0.379E+00
PS 3 -0.366E-01 -0.365E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)
PSS1 0.252E+00 0.245E+00

PSS2 0.544E-01 0.374E-01

PSS3 0.198E+00 0.208E+00

DESLOCAMENTOS (mm)
UX 0.000E+00 0.904E-02
UY 0.000E+00 0.000E+00
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UZ 0.234E+00 0.230E+00
EXTENSOES NORMALIS
EXX 0.531E-04 0.595E-04
EYY 0.907E-04 0.854E-04
EZZ -0.833E-04 -0.838E-04

EXTENSOES TANGENCIAIS
EXY 0.000E+00 0.000E+00
EXZ 0.000E+00 -0.471E-05
EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS
PE1 0.907E-04 0.854E-04
PE2 0.531E-04 0.595E-04
PE 3 -0.833E-04 -0.839E-04

EXTENSOES TANGENCIAIS MAXIMAS
PSE1 0.174E-03 0.169E-03
PSE2 0.376E-04 0.258E-04
PSE3 0.136E-03 0.143E-03

(+) TRACCAO ; (-) COMPRESSAO

Z= 44.00
X= 0.00 15.75
Y= 0.00 0.00
TENSOES NORMALIS (MPa)

SXX 0.132E-01 0.112E-01
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SYY 0.151E-01 0.136E-01
SZ7Z -0.201E-01 -0.188E-01

TENSOES TANGENCIAIS (MPa)
SXY 0.000E+00 0.000E-+00
SXZ 0.000E+00 -0.252E-02
SYZ 0.000E+00 0.000E-+00

TENSOES PRINCIPAIS (MPa)
PS1 0.151E-01 0.136E-01
PS2 0.132E-01 0.114E-01

PS 3 -0.201E-01 -0.190E-01

TENSOES TANGENCIAIS MAXIMAS (MPa)
PSS1 0.176E-01 0.163E-01
PSS2 0.943E-03 0.109E-02
PSS3 0.166E-01 0.152E-01

DESLOCAMENTOS (mm)
UX 0.000E+00 0.108E-01
UY 0.000E+00 0.000E+00
UZ 0.203E+00 0.201E+00

EXTENSOES NORMALIS
EXX 0.712E-04 0.618E-04
EYY 0.833E-04 0.772E-04
EZZ -0.143E-03 -0.131E-03

EXTENSOES TANGENCIAIS
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EXY 0.000E+00 0.000E+00
EXZ 0.000E+00 -0.324E-04
EYZ 0.000E+00 0.000E+00

EXTENSOES PRINCIPAIS
PE1 0.833E-04 0.772E-04
PE2 0.712E-04 0.632E-04
PE 3 -0.143E-03 -0.132E-03

EXTENSOES TANGENCIAIS MAXIMAS
PSE1 0.226E-03 0.209E-03
PSE2 0.121E-04 0.140E-04
PSE3 0.214E-03 0.195E-03

(+) TRACCAO ; (-) COMPRESSAO

Et=0.907 *10"-4 - Damage 94%

Edp=0,143*10"-3 - Damage 17% OK
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KED®AAAIO 6. Oikovopuikp avdAuon - Economic
analysis

CASTELO BRANCO

1. Case

AC (6cm) = 1+1*1*1*0,06*%2,35*42= 6,9 Euro/m”2
AC (14cm)= 1+1*1*0,14%2,35*35=12,5 Euro/m"2
Subgrade = 0,90+1%1*0,20*2,15*6= 6,06 Euro/m”2
Layer =0,75 *2= 1,5 Euro/m"2

Suml =26,96 Euro/m”"2

2.Case.

AC (6cm) =6,9

AC (15cm)= 1+1*1*0,15%2,35*35= 13,3 Euro/m”2
Subgrade= 0,9+1*1%0,2*2,15*6*2=12,12Euro/m”"2
Layer =0,75 *3=2,25 Euro/m"2

Sum?2= 34,57 Euro/m"2

SUM= SumI1+Sum2= 26,96 + 34,57 = 61,53 Euro/m"2
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COIMBRA

1. Case

AC (6cm)= 6,9 Euro m"2

AC (10cm)= 1+1*1*0,10%2,35*35=8,2 Euro m"2
AC(10cm)= 1+1*1*0,10*2,35*35=8,22 Euro m"2
Subgrade= 12,12 Euro m"2

Layer=0,75* 2= 1,5 Euro m"2

SumlI= 36,96 Euro m"2

2. Case

AC (6cm)= 6,9 Euro m"2

AC (8cm)= 1+1*1*0,08*2,35*35=6,58 Euro m"2
AC (8cm)= 1+1*1*0,08*2,35*35=6,58 Euro m"2
Subgrade= 12,12 Euro m"2

Layer=0,75* 2= 1,5 Euro m"2

Sum?2 = 33,68 Euro m”2

3.Case

AC (6cm)= 6,9 Euro m"2
AC (8cm)=6,58 Euro m"2
AC (10cm)=8,22 Euro m"2
Subgrade=12,12 Euro m"2
Layer=0,75* 2= 1,Euro m"2
Sum3= 35,32 Euro m"2
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SUM= Sum1+Sum2+Sum3= 36,96+33,68+35,32=105,96 Euro/m"2

2YMIMNEPAZMATA

OAoKANpwvovVTaG TNV €PYOOia POG TTOPATNEOUME OTI Ol YVWOEIG TTEPI
odoTroliag 1oXUouv Ot OIEBVEC ETTITTEDO KAl TO ETTAYYEAUQ TOU MNXQVIKOU
MTTOPEI va aoknBei atrd Tov oTTolIadATTOTE INXAVIKO o€ GAAN Xwpa.

Quoikd kdBe Xwpa €Xel TIG IDIOPNOPPIEG TNG TTOU TTPOKUTITOUV EiTE aTTd
TNV 1I0XUoUCa vouoBeaia €ite atmd TIG KAIHATOAOYIKEG OUVOAKES. Ouws Baoikdg
OTOXOG TOU MNXOVIKOU avegaptriTou Xwpag Kal ouvenkwv egivalr n opbn
epappoyn TNG TTPORAETTOMEVNG MEAETNG KAl TNG AUOTNPNG ETTIBAEWNS KATA TNV
OIAPKEIa dIAPOPWY OTAdIWV TNG KATAOKEUNG, £TOI WOTE KATA TNV TTApAdoon
TNG 000U ( O€ OTTOIA KATNYOPIa K AV AVAKEl ) VO TTAPEXEI TNV PEYIOTN ao@AAEIa
K Aveon TNG KUKAOQOPIAG TwV OXNHATWV.

NMa va peiwboulv emTéEAOUG OTO €AdxIOTO duvaTtd Ta Tpoxaia
duoTUXAMATA.

97



BIBAIOIPADIA

B w

. 2XEAIO Obnyieg MeAetwv Odikwv Epywv (OMOE), Teuxog 3 :

Xapageig (OMOE-X), Y.NME.XQ.A.E. , Tevikf [pappateia
Anuociwv ‘Epywyv, Aic0Buvon Meletwv Epywv OdoTroliag,
2XEAIO 2013.

. «Znueiwoelig Odomroliag I», B. Wapiavég, Epyaothpio

2UyKoIvwviakng Texvikng, EMIM/TATM, 2001.
«ZToixeia Odortroliagy, I. Kogitoag, Ekddoeig «IQN», 1997.
Caterpillar Performance Handbook, 9th edition, Peoria, lllinois,
USA, 1978.
Day, D.A., Construction Equipment Guide, J. Willey and Sons,
1973.
EN 12591, Bitumen and bituminous binders — Specifications for
paving grade bitumens
Abaza, K.A., 2002. Optimum flexible pavement life-cycle
analysis model. Journal of Transportation Engineering, 128(6),
542— 549.

Daniel, J.S. and Ghassan, R.C., 2008. Use of RAP mixtures
mechanistic empirical pavement design guide.
Tangarinha J. (2011) Analise comparativa de metodologias para
a avaliacdo da condicdes de fundacdo de pavimentos
rodoviarios. Dissertacdo de Mestrado.

10.Branco P., Pereira P. Santos LP (2005). Pavimentos

Rodoviarios. Edi¢des Almedina, Coimbra.

11.Huang Y. (2004) Pavement Analysis and Design. Pearson

Prentice Hall.

12.Read J., Whiteoak D. (2003) the Shell bitumen Handbook.

Thomas Telford.

13.Pereira_Pais_2017_Main flexible pavement and mix design

methods in Europe and challenges.

98



KATAAOIOZ EIKONQN - NMINAKQN

Ewoéva 1. Rigid and Flexible Pavement Load Distribution. ............cccceeeeveeeeveeennneennns 20
Ewova 2. Flexible Pavement StrUCIULE. ........eevvievierieeiieniieeieeiie e eireeveesieeseeeeaeenes 22
Ewova 3. Limerock Base Course Undergoing Final Grading. ..........cccceeeveevvenieenennns 23
Ewova 4. Basic pavement 1igid StrUCTUTIE. .....cceevvierieeiiieriieeieeiieeieeieeeveesiee e e 26
Ewéva 5. PCC Surface Rigid Pavement (Surface course)

TRICKNESS ..vievvieeiteeiie ettt ettt ettt ettt e s e et e st e esbeessbeensaessseesseenssennss 27
Ewova 6. Completed CTB with Curing Seal..........ccceeevierieriiieniieeiieieeieeiee e 28
Ewova 7. Empirical pavement design framework. ..........ccceeeeveerierciienienieenienieeeenns 30
EUCOVOL 8. ettt ettt e et e e st e e s te e e s nbeeennaaeenreeennneennns 35
EUCOVOL 9. oottt et e et e st e e st e e e s nteeensaaeenbeeennneeenns 39
[Mivokag 1. Pavement design Period........c.cecueerveeeieerieeiiieniieeieeniieeveesieesveesseesneesseenns 42

ITivaxac 2. Types of the vehicles, vehicles from f item are included in the pavement

IMivaxoc 3. Aggressive factor, “Manual de concepcdo de pavimentos para a rede

TOAOVIATIA NACIONAL ..ottt ee et et e e eeee e e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeenenes 44

ITivaxoc 4. Classification of foundations, “Manual de concepcio de pavimentos para a

rede TOdOVIATIA NACIONAL ...oovveeiieieeeeeeeeeeeeeeeeeee ettt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene 46

ITivaxoc 5. Dependence between soil and foundation,  Manual de concepcdo de

pavimentos para a rede rodoviaria NACIONAL” .........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenn 46
ITivaxoc 6. Layer in non-bonded MaterialS. .......oveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 47
TTivakoc 7. Granular MAETIALS .....oovveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 48




ITivaxac 8. Deformability characteristics of granular materialS: .........ooevvveeeveeeeeeeeennnns 48

[Mivakag 10. Volumetric characteristics of hot bituminous MiXtures ..........ccceeeevenieen. 49
[Mivakag 11. Classes of bitumen to be used for hot bituminous mixtures.................... 50

100



	ΠΡΟΛΟΓΟΣ
	ΠΕΡΙΛΗΨΗ
	ΠΙΝΑΚΑΣ ΠΕΡΙΕΧΟΜΕΝΩΝ
	ΚΕΦΑΛΑΙΟ 1:ΕΙΣΑΓΩΓΗ - ΟΡΙΣΜΟΙ
	1.1 Εισαγωγή - Introduction
	1.2 Ορισμοί / Ορολογία - Definitions / Terminology
	ΚΕΦΑΛΑΙΟ 2. Βασικές έννοιες των οδοστρωμάτων – Basic concepts of road pavement
	2.1   Τύποι οδοστρωμάτων - Types of pavements
	2.2   Εύκαμπτα οδοστρώματα - Flexible pavement
	2.2.1 Δομή εύκαμπτων οδοστρωμάτων - Pavements structure of flexible pavents
	2.2.1.1    Επιφανειακή στρώση - Surface Course
	2.2.1.2    Στρώση βάσης - Base Course
	2.2.1.3   Στρώση υπόβασης - Subbase Course
	2.2.2 Ασφαλτικά μίγματα - Bituminous mixtures
	2.3 Άκαμπα οδοστρώματα - Rigid Pavement
	2.3.1 Δομή άκαμπτων οδοστρωμάτων - Pavement structure of rigid pavement
	2.3.1.1 Επιφάνεια - Surface
	2.3.1.2   Στρώση βάσης - Base course
	2.3.1.3 Στρώση υπόβασης - Subbase course
	ΚΕΦΑΛΑΙΟ 3. Μέθοδοι σχεδιασμού εύκαμπτων οδοστρωμάτων -Design methodologies for flexible pavements
	3.1 Μεθοδολογία - Methodology
	3.2 Κίνηση - Traffic
	3.3   Υπόστρωμα (φυσικό έδαφος) - Sub grade
	3.4 Περιβαλλοντικές συνθήκες – Environmental Conditions
	3.5  Δοκιμές – Fatigue  laws
	ΚΕΦΑΛΑΙΟ 4.  – Pavement design method in Portugal
	4.1 Εισαγωγή – Introduction
	4.2 Περιβαλλοντικές συνθήκες – Environmental Conditions
	4.3 Κίνηση - Traffic
	4.4 Υπόβαση - Subgrade
	4.5 Υλικά επίστρωσης - Paving materials
	4.6 Προτεινόμενες δομές οδοστρωμάτων - Proposed pavement structures
	ΚΕΦΑΛΑΙΟ 5. Περίπτωση μελέτης – Case study
	ΚΕΦΑΛΑΙΟ 6. Οικονομική ανάλυση – Economic analysis
	ΣΥΜΠΕΡΑΣΜΑΤΑ
	ΒΙΒΛΙΟΓΡΑΦΙΑ
	ΚΑΤΑΛΟΓΟΣ ΕΙΚΟΝΩΝ - ΠΙΝΑΚΩΝ

