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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

1 ANTIKEIMENO MEAETHZ

1.1 Tevika

To napdv TeUxoc unoloyiopwv ouvodeuel TNV OpIaTIKN TexVIKN MEAETN TOU €pYoOU LE
TiTAOo «MEAETH AIMENIKHZ EFKATAZTAZHZ EZYMHPETHZHZ ZKA®QN ZTH OEZH
WANH NAYMAKTQY>, oTa nAaioia TnG ZupBaong nou unoypagnke Tnv 8" ZentepPpiou
2022, peta&l TOU «AnuoTikoU Alpevikou Tapeiou NaundakTou» kal TnG TeXVIKAG

ETaipeiac pe Tnv enwvupia «Tpitwv ZUPBoulol Mnxavikoi A.E.».

To €pyo apopd TNV KATaokeur veéou NpoBANTa €EunnpETNONG AMIEUTIKWV Kal AOINWV
MIKpWV O0KAPwV PAKOUG €Ewg 15m. O véog npoBARTAC sival oxnuaTog Tunou «IM» kai 6a
KATAOKEUAOTEI WG Epyo BapuTtnTag anod enaMnAec otnAec Texvitwv OykoAibwv (T.0.)
€K OKUPOOENATOC Kal EyXUTN €Ni TONOU avwdoun and oKUPOJENA E OTEWN OTN OTABN
+1,10m ano6 M.Z.0.. To GUVOANIKO WUNKOC TOU NPOCTVEUOU PETWMOU Tou npoPAnTa a
eival ioo pe 161,3m pe w@eAipo Babog ota -3,5m. MNa Tnv SIaNOPPWon Tou WPEAIUOU
Babouc npoBAeneTal ekBabuvon evtoc TNG AIMEVOAEKAVNG, MEXP! ANAVTACEWG TNG

looBabouc Twv -3,5m.

To €pyo anoTeAsital and €va TUAPA CUVAPHOYNG ME TNV AKTR OTNV YEveon, &€va
YEQUpwHa npdoBaong BepeNiwpevo eni Babpwv kai anod 1o kpnnidwua napaBoAnc. To
NAGTOC TOU YEPUPWHATOG Kal Tou kpnmdwKaTog napaBoAng Ba eivar otabepod kai ico
ME 5m, pe €Eaipean To akpOPWAIO, OTO NEPAC TOU €PYOU, TO OMOIO KATAGKEUAZETAl WG
NENAATUCOMEVO OTOIXEI0O MAGTOuG 10m. TMAnoiov TOu NPOCHVEUOU MeTwnou  Ba
KATAOKEUAOTEl TOIXIO yia TNV MNpooTacia Tng avwdouns and Tnv unepnndnon Tou
KupaTiopou. Ma Tnv diacpaNion TNG anoppong opppiwyv, n oTewn TNG avwdopng Ba
dlapopPwei pe khion 1% npog Ta Balacola PETwna ekaTepwBdev Tou npoPAnTa. H
eykaTaoTaon npoBAENETal va €Xel XwpnTIKOTNTA 20 oKaPWV eVTOC TNG AIHEVOAEKAVNG,
evw Ba diaBeTel nepi TIC 25 emnA&ov enoxIakeg BETeEIC NapaBoAnG oTnV NPOCHVEUN
nAeupd epOoOV TO KUMATIKO KAiJa oTnv nepioxn €ival eupevec. Eni Tng avwdopung Ba
eykataotabei o kaTtaMnAoc €EonAIOMOC ONwG OEOTPEC, (PPEATIA  MAPOXWV,

NPOCKPOUCTHPEG.
O1 unohoyiopoi nou nepiAapBavovTal aTo Napov TEUXOC €ival CUVONTIKA:

e  EkTiunon kupatikoU KAIHAaTog TNG NEPIOXNG
e EKTiunon udpoduvapikwV NIECEWV €Ni TOU KATAKOPUPOU HETWMOU

e EkTipnon duvapewv aveponieong/deoTpag
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OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

"EAgyX0G €UOTABEIAG Kal TNG KATAOKEUNG

FEWTEXVIKOI EAEYXOI

1.2 IOXUOVTEG KAVOVIOHOiI — ZUOTACEIG AIHEVIKOV EPYWV

O1 kavoviopoi kai n diebveig eEeidikeupevn BiBAIOypagia nou xpnaoihonoinénkav Kai

£QappooTnKav yia Tn diacTacioAdynon Twv uno YEAETN EpywV €ival:

USACE (2006). Coastal Engineering Manual (CEM), United States Army Corps
of Engineers

CERC 1977 — Shore Protection Manual [SPM], 3rd edn, Coastal Engineering
Research Center, US Army Corps of Engineers, Vicksburg, MS

CIRIA, CUR, CETMEF (2007). The Rock Manual. The use of rock in hydraulic
engineering (2nd edition). C683, CIRIA, London

Shore Protection Manual (1984), United States Army Corps of Engineers
Australian Standards: “Guidelines for design of marinas”

E.A.K. 2003 EAANVIKOG AVTIOEIONIKOG Kavoviopog 2000

EM 1110-2-1614 USACE 1995

PIANC Report n° 149-2016 “Guidelines for marina design”

PIANC Report n° 180-2015 “Guidelines for protecting berthing structures from
scourcaused by ships”

«Eloaywyn ota Aievikd ‘Epya», KwvoTavTivog Mépog, 2013
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY
OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

2 TEPIOXH MEAETHZ

2.1 Tlswypa@ikd oTolxEia

To uno peAETN épyo XwpoBeteital otn Bahdcoia nepioxny TnG NaundkTou Kal nio
ouykekpiheva otnv napaiia Wavn 1,5km nepinou voTioduTika TNG NOANG NAnciov Twv
ekBoAwv Tou péuatoc Bapeiac. H nepioxn xapaktnpiletal anod apain dounon evw
Ol1a0€Tel eUKOAN 0dIkRy ouvdeon Me Tnv noAn Tng Naundaktou. H nepioxny MEAETNG

qaivetal og dopuPopIkn Afwn otnv Eikéva 2-1.

MepIoxr KATAOKEUNG

MPOTEIVOLEVWVY EPYWV

\ ExBoAég pepaTog Bapeiag

Eikova 2-1: Nepioxn peAETng (Mnyn unoBabpou: Google Earth)

O véoc NpoBAATAC XwpobeTeiTal evTOC TNG Xepoaiac Zwvng Aiyéva NaundkTou onwe
£xel kaBopioTei pe To PEK 866A’/2-12-2021.

Eikova 2-2: Anoonacpa anod 1o ®EK 866A’'/2-12-2021
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OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

3 MNEPIBAAAONTIKA ZTOIXEIA NEPIOXHZ MEAETHZ

3.1 AvepoAoyika oTolxeia

To avepoloyikod KaBeoTWE TNG NEPIOXNG HEAETNG €ival avaykaio yia Tov NpoadiopIoHO
TOU KUMATIKOU KAIJaToG, 0€BOMEVOU OTI OTN CUVTPIATIKNA NAEIOPNn®ia Twv NApakTIwV
neploxwv aTov EAAadIKO Xwpo o1 KUPAaTIoWoi gival Kuping avepoyevoug npogAeuong. Ol
nAnoiEaTepol oTabpoi Tng EMY eival autoi Tng Naunaktou, Tng NMaTpag (o€ anooTaon
15km anod Tnv nepioxn MEAETNG) kal Tou Alyiou (o anooTaon 25km anod Tnv nepioxn
MEAETNC). TEAIKA Ta AVEROAOYIKA OTOIXEI NOU XpnaolonoIndnkav NpoEpXovTal ano Tov
METEWPOAOYIKO oTaBud TG EBvIkAG MeTewpoloyikng Ynnpeoiag (E.M.Y) otnv Natpa
a@evog AOyw TNnG €yyuTnTag TOU OTNV NEPIOXN KAl AQETEPOU AOYW TNG MEYAANG
nepIOOOU TwWV dIABECIUWY PETPACEWV NOU aPopad os nepiodo 49 eTwv (o€ avTiBeon e
TouG oTadpouc TG NaundakTou kal Tou Alyiou Ornou ol JIaBECIPEC HETPNOEIC apopouV
ONMUAavTIKG HIKPOTEPO XPOVIKO OldoTnua). Mapakdtw @aiveral o XApTng Twv

METEWpOAOYIKwWY oTaBuwv TnG EMY oTnv eupUTepn nepioxn (Eikdva 3-1).

"lnnH ®”

Eikova 3-1: AikTuo HETE®WPOAOYIK®V OTaOH®OV EMY nAnciov TnG NEPIOXNAG EVOIAMEPOVTOG

Ta avepoloyik@ oToixeia and Tou oTabuou Tng MNaTtpag afoloyndnkav yia Tov
NpoadIopIoHO TWV AVEHOAOYIKOV XapaKTNPIOTIKWV GTNV NEPIOXN TOU £pyou, TA ornoid
XpnoidonolouvTal TEAIKA yia TNV €KTIUNON TOU KUHPATIKOU KAiHaTog TnG nepioxnc. Ol
ETNOIEC OUXVOTNTEC EMPAVIONG YIa KABe dieUBuvaon avépou Kai yia KAbs évraon, Tou
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e€eTalOpevou oTabuou, napouaialovral otov Mivaka 3-1 kal 0To AvEROYPAPKHA TNG

Eikovag 3-2.
‘.  EBNIKH =
| T :“I.IH_,' i WO ET HEIEX Ty AMOT HTET AMEMOY (5]
| s T T T R ¥
OMOME ITABMOY EOLATHOE ETROME0Y TEQT. MHKOE TEQT. MAATOX YWOX (m) NEFIDAODE
MAT R8 16580 3808 .73 19552000
AIEYOYMNIH ANEMOY L] 1] [ 20 % W | w WW PCKLMVER| Sk
1 1 1 1 1
ar o 0 0 1| e ] 0 o 0 | 6568 | nsem
[ ar i 2.085 3,755 4.458 413 fo57 3.865 T:E | 306 | o0l | meem
[ ar 2 21085 3.981 1585 | 228 451 5.496 3435 | 33M | 0005 |
| ar ) L 521 4053 98 | 045 G745 Fa10 1315 1,863 00000 121
ar | 4 1540 1005 126 | D18 0353 L.BEY 0514 0,558 01 0D E157
ar_| 5 o5 0370 | ooes | oo 01l 0.727 0135 | 0136 | o000 207
ar B 0127 0176 0036 | 0019 GYE7F) 241 0057 | 0040 | 0000 arm
[Car ] oL B.018 .00 01161 FXe] m02E 009 | 0008 | Gl aed
—ar | B ool 0,006 0000 | 0.0 Lo it 001 oM | 0000 | cuoon oo
ar | = G o0 006 Bog | 00 £L000 0, 0 000 000 0,000 e
UM e AL 652 | w1 ] 16.05 B BE3 | 2557 100.0

Mivakag 3-1: AvepgoAoyika otoixeia (EMY) peTewpoAoyikoU oTabpou Marpag

lerediyenin ey Ay e by Tocos by e Erafljiod Mogparg
e qle 26,5 7]

o B

el il L 1141
- | ; )

Eikova 3-2: Avepoypappa Ztabpou MNarpa (1955-2003)

ZUMQWVa JE QuTa Ta OTOIXEIa 0l oUXVOTEPA EPPAVICOPEVOI AVELOI OTNV MEPIOXN Eival
ol Npoepxopevol ek Tou NOTIOBUTIKOU TOpEA HE ouxvoTnTa €Ppaviong 16,05% kai
akoAouBoUv auToi Tou BopeloavaToAikou kal Bopeiou Topéa avanTuéng Pe CUXVOTNTEG
eppavions 11,41% kar 9,94% avrioTtoixa. Or AvatoAikoi, NoTioavaTtoAikoi kai NoTiol
avepol nvéouv To 6,62%, TO0 7,11% Kal To 4,69% Tou €TOUC avTioToIXa. TEAOC, Ol
AuTikoi kal BopeloduTikoi avepol ep@avifovral oxedov Pe Tnv idia ouxvoTnTa dnAadn

ion We 8,79% kail To 8,83% avTioToixa. Nnvepia enikpatei oTto 26,57% Tou £TOUG.

O1 evTaoeiG aveponvong @Tavouv kai E&nepvoUv Ta 9Bf yia TIC NePICOOTEPEG

OlIEUBUVOEIC WE MOAU MIKPH WOTOOO OUXVOTNTA. Tevikd AOYw TnG MOAU MIKPNG
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ouUXVOTNTAC €PpAvioNnG avepwv 9Bf Bewpeital OTI O KATAYPAPEC AUTEC ANOTEAOUV
TOMIKA PEYIoTa, YN duvapeva kaTtd To NA&ioTov va dnpioupynoouv BUEANEG avTioToIXWV
evraoswv. EEaipeon anotelouv ol avepor Tng NoTioavaToAikng Tng NOTIAc kal Tng

BopeioduTikng d1elBuvang onou n péyioTn TaxuTnTa avépou ¢pravel Ta 7 Bf.

AOYw ToU npocavatoAiopou Tou Opuou NaundkTou Kal TV VEWV €PYWV Ol KPIOIEG
OIEUBUVOEIC TWV KUMATIOPWV MNOU MEAETWVTAl €ival Ol MPOWOOUUEVOlI €K TOU
NoTioduTikou, NoTIou kai NoTioavaToAikoU TopEa, kabwg AOyw npooavaToAiopoU TG

aKTOYPAMUNG oTn B€0n Tou €pyou WOvo auToi duvaTtal va npoaBAaiouv To Epyo.

3.2 ZITaTioTIKN enggepyaocia

H ekTipnon Tou kupaTikoU KAIPATOG O Hia nepioxn Yivetal €ite anod eneepyaoia
UPIOTAPEVWY KUPATIKWV KATAaypagwyv — WOTE va NPOKUWEl 0 KUMATIONOG oXedIaopog
yla Tnv nepiodo enava@opdac nou npoPAEnsTal and Tov oxedlaopd Tou EPyou — &iTe
MEOW avaAuTIknG MeBodoloyiag npdyvwonc nou oTnpileTal O XApaKTNPIOTIKA
YEWYPAPIKA, YEWHOPPOAOYIKA Kal AVELOAOYIKA OTOIXEIA Ta onoia UNEIoEPXOVTAl OTNV
YEVEDN TWV KUPATWV. ZNUEIOVETAI OTI O KUPATIOPOI MOU XpNOIKonoloUvTal GuvRBwG

yla Tov OXedIAONO TWV AIHEVIKWV EYKATACTACEWV €ival QVEUOYEVEIG.

'Onw¢ ava@epbnke otov EANAdIKO Xwpo Oev upioTavTal KUPATIKEC KATAypagpeS, e
anoTéEAeOUa n nNpOyvwon TwV KUPATIOPWV KE onuavTikn nepiodo enavagopdc va
oTnpileTal oTNV OTATIOTIKA €ne€epyacia avepoloyikwv kataypa@wv. Ta dlabéaiua
avepoloyika oTolxeia, Onwe eneEnyndnke avwTePw nNpogpxovTtal ano To M.Z. MaTpac.
>TO NAQiOIO AUTO, ENEAEYN XAPAKTNPIOTIKOG KUPATIOPOG ava dielbuvon, AauBavovTag
unown Tnv niBavoTnTa nepIodIkAG EUPAVIONG ToU OTn Xpovikn diapkeia {wNG Tou
£pYOU. ZUPPwVa WE TIG OUOTAOEIC AMiJevIKwV €pywv (CEM, 2006, US.A.C.E.) n nepiodog
€Nava@opac yia Ta peyedn oxediaopou (avepog kal kUpa oxediaopou) Ba npéenel va
Exel MBavotTnTa eugaviong 50% otnv didpkeid (WAG TOU €Pyou, MOUCUVHBWG
Aappaveral ion pe 50 £€Tn yia Aievika €pya Tou TUMou auTtou. H niBavoTnTa epgpaviong
EVOC (pAIVOHPEVOU WE NePiodo enava@opac T £tn o€ L xpovia divetal and Tnv napakdtw

oxéon:
P=1-e LT

Juvenwe n {nToupevn nepiodog enavagopdg ival Ta 73 £Tn kal AauBaveral TeAka
ouvTNPENTIKA ion e 75 €. O1 dIaBETIPEC aVEUOAOYIKEC KATAYPAPEG Yia TIC DIEUBUVOEIG

evdiapépovtog (N, NA, NA) avaAubnkav oTaTioTika WOTE va NPoKUWEl TEAIKA N TIUA
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EVTaong avepou We nepiodo enavapopdg 75 xpovia. H napandavw diadikacia cuvioTaral
oTNV NPOCAPHOYN ME QVTIKEIPEVIKEG OTATIOTIKEG HEBODOUG TNG aBPOICTIKNAG KATAVOUNG
TV UNo €EETAON KATAYPAPWY OE HIa anod TIG UNAPXOUCEC aBpOIOTIKEC KATAVOUES (Me
YVWOTN TNV avaAuTIKr oxEon Touc) KE 2 1 3 BaBpoUg eAeuBepiag kal oTnV CUVEXEID N
NpoekBoAr TNG w¢ TNV {nToUuevn miBavoTnTa unEPPBaAcnG, MoOuU OTNV MPOKEIMEVN
NEPINTWON avTIOTOIXEI OTNV nepiodo  enava@opdc 75 eTtwv. O avePOAOYIKEC
KaTaypageg NpooapuooTnkav o katavoueg Fisher — Tippett-I (Gumbel) kar Weibull,
OUO Kal TPIWV NAPAUETPWV avTioToIXa Kal HE TNV XpAon TG HeBOdou Twv eAaxioTwv
TeTpaywvwv (R-square) npoékuye OTI N Xpron TnG katavopnc Weibull avanapioTa
avTINPOOWMNEUTIKOTEPA TIG HETPNOEIG TOU PETEWPOAOYIKOU OTABUOU YIa TIG TPEIG AUTEG
JleuBUVOEIC vOIaPEPOVTOC. ANO TNV OTATIOTIKNA AvaAuon npokUNTeEl N TIMA €vTaong
avEUOU OXedIaopoU yia KABe dieuBuvan. ZNUEIWVETAl OTI YIA TIC AVAYKEG TIG MEAETNG
urnoAoyioTnke kal n TaxUTNTa avépou yia nepiodo enavagopac 1 €touc. Ta
anoteAéoparta napatiBevral oTtov Mivaka 3-1 evw n 0An diadikacia napouaialeral oTo

MapapTnua A TnG napouoac.

: ) TaxurnTa Avépou MNMepiddou | TaxuTnTa Avépou Mepiodou
AiguOuvon MpowOnong , . . :
Enavagopag 75 etwv (m/s) | Enavagopag 1 €1oG (m/s)

NoTiavaToAikr) 13,48 5,80
NoTia 14,48 7,18
NoTIOOUTIKN 19,45 11,51

Mivakag 3-2: TaxUTNTEG AvEPWV OXESIACHOU

3.3 ZToixeia nalippoiag

>ToIXEia Nou agopouv OTIC HETABOAEC TNG OoTABUNG TNG BAAacoag Exouv AngBei and
TOUG OTaBPoUC PETPNONG naAippoiag TnG YOpoypa@ikng Ynnpeoiac Tou MOAEUIkoOU
NauTikoU Kal OUYKEKPIPEVA anod Tov oTabuo kataypa®nc Tng MAaTpag nou &ival kai o
€yyUTEPOC 0TABUOC oTNV nepioxn. Ta oTaTIoTIKA OToIXEIa TNG NAAippolag apopouv TNV

nepiodo 1990-2008 kal napaTiBevral oTov akdhouBo Mivaka 3-3.
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

Z1a0pog MeTpioswv

ZToixeia Malippoiag (m) NaTpa (1990-2008)

MéeyioTo EUpoc (m) 0,61

Méoo eUpog (m) 0,18

EAaxioTo gupog (m) 0,01

EnaA\a&n (m) 1,39

YWoueTpIKn d1apopd HETAEU WEYIOTNG NANKMNG Kal 0,53
MEONC 0TABUNG BAlacoag

YWoueTpIKn dlapopd YeTa&l péong oTaeunc kai 0.86
KATwWTATNG PNXIag '

Mivakag 3-3: ZraTioTika Zroixeia Malippoiag (Mnyn: Ydpoypa@ikn Ynnpeoia)

To eUpo¢ TnG nalippoiag eivar n dilapopd TNG OTABUNG MIAC MAAMMNG Kal Tng
enakoAoudnc pnxiac f avTioTpoPws. H péyioTn NAAUKN Kal KaTwTATn pnxia givai n
uWnAOTEPN Kal XaunAOTEPN KATaypagpr TnG oTaounc Tng 8ailacoac. Téhoc n enaAhaén
avagepeTal otn diapopd TNG OTABUNG METAEY TNC MEYIOTNG NAAUKNG KAl TNC KATWTATNG
pnxiac.

H diakupavaon TnG eAeUBepnG enipaveiac TnG Balaoonc Aoyw naiippolakwv JETABOADY
oTNV NEPIOXN ONWE Kal YEVIKOTEPA OToV EAAADIKO XWPO DEV KPIVETAI GNMAVTIKA yid TNV
dlaoTaoioAdynon Tou €pyou. QoTdoco AauBAveTal undyiv yid TOV UMOAOYIOWO TOU
w@ENPJoU BABoUC TNC €ykaTAoTaAong, n UWOMETPIKR Olapopd HeTAEU M.Z.0. «al
KATWTATNG pNXiaC woTe va JIlao®aMNioTel 0  ao@AANG  €ANIMEVIOUOC  TwV

€EUNNPETOUPEVWV NAOIWV.

3.4 ZToIXeia peuHATWOV

PEUMATOUETPNOEIC OEV £XOUV MPAYHATONOINBsi aTNV NEPIOXT) HEAETNG. ANO TO YEYOVOG
OTI dev UNAPXOUV avaPOPEC YIa EVTOVA KATAYEYPAUUEVA PAIVOPEVA GUVAYETAl OTI Td
moava sppavifopeva peupata Ba ival yevikd HIKPWV TIHWV TaXUTATWV (HIKPOTEPEG
TaxutnTeg Twv 0.2 KOPBwv 1 0.1 m/sec) kal w¢ ek ToUTou dev AauBavovtalr unoyiv

0TO NAQiolo TNG napouodc.

3.5 EKTignon KupgaTtikoU KAipaTog

3.5.1 Emdoyri urikouc avantuyuaroc neAdyouc - [Eveon kuudrwy ora fabid

H ekTiunon Twv XapakTnpIoTIKWV HEYEBWV TWV AVEMOYEVWV KUPATWV OTNV NEPIOXN

evolaQépovTog, Yivetal Bacel TnG Beswpiac TNG (PaopaTikng avaluong n onoia
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

Npooeyyilel TNV KATAvOI TNG EVEPYEIAC TWV KUPATWV O€ GUVAPTNON HWE TO avanTuyua
neAdyoug (fetch), Tnv TaxuTnTa kai didpkela NVoNG ToU AvéEPOoU Kal Ta JEoA OTATIOTIKA
XapakTNPIOTIKA TNG OUXVOTNTAG, METATPENOVTAG TN XPOVIKA akoAoubia TwV KUPATwV

o€ QAcoya.

Ia Tov urnoAoyIoHO Tou avanTUuyhaTog NEAayous epapuoleTal n HEBodOG Tou «evepyoU
avanTuypaTtoc» (“effective fetch”), nou npoteiverar eniong oto C.E.R.C 1977, pe 15
akTivec. H dlaipeon Tou Topéa MEAAYOUG avTIOTOIXEI O Wia akTiva kaTta Tnv kUpia
dleUBuvon Tou aveou Kal 7 akTiveg ekaTEPwOeV auTng, PE BrAKa ywviag 6°. To eUpog
TOU TOMEA auTOU €ival 84° (Topéag ywviag 42° ekatépwBev TnG kupiag dielbuvong Tou
avepou). H péBodog Tou evepyol avanTuUyHaTog €ival OXETIKA XOVOPIKT) NPOCOMO0IwaN
TNG KATeUBUVTIKAG ouvapTnong (directional spreading function) kata Mitsuyasu, oTnv
onoia €I0AayeTal To oUVNEITOVO Tou afipouBiou anod Tnv kUpia dielBuvon Tou KUPATOG

kabwg kal pia napaueTpog diaxuong (spreading parameter).

O1 peBodol npoodiopioPoU Nou napouciaodnkav oTnv Cuvexela anod TIG Algbveig
>uoTdoeic Aipevikav Epywv (C.E.R.C. 1984, avanTuyda neAayouc We Xprion 9 akTivav
kalr C.E.M. 2006, avanTuypa neAayoug e Wia kal povo akTiva) €xel napatnpnOei oTi
dev divouv YevIKa 1IKavornoiNTIka anoTeAECPATa oTIC EAANVIKEC BAAacoec, 101aiTepa o€
oUyKpIon Ke TNV NaAaioTepn xpovoloyika pebodo kata S.M.B., niBavwg €€’ artiag Tng
NOAUNAOKNG YEWMETPIAC TNG EMNVIKAG QKTOYPAMMNG, TNG MEYAAng d1acnopds Twv

VNOIWV Kal TOU PINdiou XapakTApa TwV avEPwV.

'Onwc¢ £xel npoavapepBei n BEon Tou €pyou eival eKTEBEINEVN OE KUPATIONOUG Mou
YEVVWVTAl and avepoug npoepxopevoug and Tov euputepo NA-N-NA Topéa. 'ETol yia
TOUG €v AOY®W TOEIC YIVETAI 0 UNOAOYIOUOC Tou avanTuypaTog neAayouc. Ol akTiVeQ
ano TIG onoiec unoAoyileTal To avanTuypa gaivovTal oTig Eikoveg (3-3, 3-4, 3-5) kail Ta

TeAIKkG anoTeAéopata oTov NMivaka 3-4.

TPITQN ZYMBOYAOI MHXANIKOI 17



AIMENIKH EFKATAZTAZH EEYNHPETHZHZ ZKA®QN 2ZTH OEZH WANH NAYMAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

Eikova 3-3: AkTiveG evepyoU avanTtuypartog (Fetch) yia Tnv NoTioavaToAikn Aiebbuvon
(NMnyn Ynopabpou: Google Earth)

Eikova 3-4: AkTiveG evepyoU avanTtuypartog (Fetch) yia Tnv NoTia AietBuvon (Mnyn
YnoBadpou: Google Earth)
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

Eikova 3-5: AkTiveg evepyoU avantuypartog (Fetch) yia Tnv NoTioduTikn Aieu6uvon (Mnyn
YnoBadpou: Google Earth)

Topéag Avépou Fetch (km)
NoTioavaToAIKOG 18,96
NOTIOC 5,97
NOTIOdUTIKOG 10,21

Mivakag 3-4: MAKOG evepyoU avanTUyHAaTog KUPATIOHOU ava disubuvon

O1 ouvenkeg oTabepnc Nvong kata dieuBuvon kal &vrTacn onaviwg ouvavtwvTal oTnv
@uUon. Oewpnbnke dIApKEIA NVONG TOU AVEUOU Oxedlaoou ion He 8 wpec, SIApKEIa Nou

npooeyyiel NoAU TIG ouvnBeIC BUEAAEC MOU anavTwvTal aTov EAAadIKO Xwpo.

O xpovog dIapKeIac Nvong nou anaiTeital yia kuparta nou diacyiouv €va avanTuyud
nNeAAyoug UNKouG X Kal JE nvon avépou TaxuTnTag u yia va yivouv fetch-limited, Aol
n avanTuér Toug va NepIopIiETal anod To PRKOG Tou avanTuypaToc neAdyouc kai Ox1 ano

TN XPOVIKN OIApKEIA MVONG, €ival:

X0'67

U0'34 gO.33

tyy=77.23

AOYW TWV PIKPWV, OXETIKA, AVANTUYLATWV NEAAYOUC nou eugavidovral oTtnv nepioxn
HEAETNC (HikpOTEPa TwV 20km) ol anairoUpEVol Xpovol yia Tnv avanTtuén fetch-limited

KUMATIOPV €ival PIKPOi, CUVEN®C N avanTuén Twv KUPATIOPwWV nepiopideTal and 1o
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

MNKOG TOU avanTuydatog neAdyoug kal oxl ano Tn diapkeia nvong (fetch-limited

conditions).

Mia TNV EKTIUNON TWV XaPaKTNPIOTIKWV HEYEBWV TWV KUMATWY nou npowbolvTal oTa
avolixta Tou €pyou, ano Toug NA, N kai NA Topeic, epapuoleTal TEAIKA, TO apIiBUNTIKO
opoiwpa kata Sverdrup - Munk - Bretshneider (S.M.B.), 6nw¢ autd neplypa@eTal oTo
Shore Protection Manual (C.E.R.C, 1977). ZUp@wva Pe Tn JEBODO auTr, Ta HEYEDN Tou
XapakTneIoTIKoU KUPAToG (MEDEC TIMEG TOu 1/3 Twv HEYAAUTEPWV KUMATWV TNG
kaTaypa®nc) unoloyidovTal, ONwe avapePBnKE kal Napanavw, o€ ouvapTnaon e To
evepyod avanTuypa neAayoug, Tnv TaxUTnNTa kai TV SIAPKEId NVONG TOU AVEUOU Nou

OnNMIOUPYEi TOV KUMATIGHO.

Ta XapakTnpIoTIKA TwV HEAETWHEVWV KUMATIOMWY, OnAadf Ta Hs, Ts kal Lo

unoAoyidovTal wg €ENG:

H 0.42
% = 0.283 * tanh [0.0125 * (‘Z—Z) ]
9Ty gF\**®

ol 1.20 * tanh [0.077 * (W)

a(m (80)) s (80)

gta
gd_g
U *exp{

1/2 F
g
e i (W)}

‘Onou:

e F: 1O evepyd avanTtuypa neAayoug
e Hs: TO XapakTnpioTikdO UWoc KUPATOC BACIOWEVO O€ (PACKUATIKA avaAuon
(Hmo=Hs=H1/3 oTa BaBdia, CEM 2002)

e Ts: N XapakTnpIoTIKA NEPIOdOC TOU PACHATOG

e K=6.5882
e A=0.0161
e B=0.3692
o (C=2.2024
e D=0.8798

H oxeéon petafl Tou XapakTnpioTikoU UWOoUuG Kal PEYIOTNG NEPIOdOU TOU KUPATOC
BaoileTal o€ pacpa oxediaopou TUnou JONSWAP (Hasselmann et al 1973, 1976) kai
Aappaveral Baocel kal Twv ouoTacewv Tou Goda (1985, 2000) ion Ve:

1/2
T, = 4.5« HY/
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

Ta KUMPATIKG XapakTNPIOTIKA MOU MPOEKUWAV OTA avolkTd yia TIGC €EeTalOMEVEG
nEPIODOUG Enavapopac Twv 75 eTwv kal Tou 1 €rouc aguvoyilovTal aToug Mivakeg 3-5,
3-6 kal 3-7, evw n diadikaacia unoAoyiopou napatiBetal avaAuTika oto MapaprTnua B

TOU NapovToc.

MNepiodog Enavagopag 75 €Tn 1 €10C
Hs (m) 1,18 0,42
Ts (s) 4,25 2,59
Lo (m) 28,16 10,47

Mivakag 3-5: KupaTtika xapakTn

p10TIKG Yia Tnv NoTioavaTtoAiki Siebbuvon

MNepiodog Enavagopag 75 €Tn 1 €10G
Hs (m) 0,80 0,35
Ts (s) 3,39 2,31
Lo (m) 17,96 8,36

Mivakag 3-6: KupaTtika xapakTnpioTika yia Tnv NoTia dieubuvon

Mepiodog Enava@opag 75 €Tn 1 €10C
Hs (m) 1,41 0,76
Ts (s) 4,50 3,39
Lo (m) 31,61 17,94

Mivakag 3-7: KupaTika XapakTnpioTika yia Tnv NoTioduTiki 3ielOuvaon

3.5.2  YrnoAoyiouog TonikwVv KuuaTikwV XapaxkTnpIoTIKWV

Ta xapakTnpIoTIKA TWV KUPATIOWWV PETABAAovTal katd Tnv npowOnon Toug aTnv
&npa, eartiag TNG aAnAenidpaong pe Tov Nubpéva Tng 6alacoac. Ta paivoueva nou

OUVEKTIMWVTAI €ival n pAxwon kai n 61abAacn Twv KUPATwV.

To (aIvOPEVO TNG PAXWONG eKPPAlEl ANOKAEIOTIKA TNV €nippor Tou Nubuéva, n onoia
yivetal peyaAUtepn 000 MeiwveTal To UWoC TOU KUMATIOPOU kal To PBaboc. H
aMnAenidpaon (TpIBR) TOU KUMATIOWOU HE TO NUBMPEVA, €XEl WG AMOTEAEOWA TNV
oTadiakn dIaxuon TnG KIVNTIKAG EVEPYEIAC TOU KUWATOG Kal TNV TPOMOoMoinon Twv
XapakTNPIoOTIKWV Tou. AvTioTolxa To Qpaivopevo TnG 81aBAaong xel oXEon HE TNV Ywvia
nou oxnuaTtideTal YeTal TOu METWNOU MPOWwONONG TWV KUMATWV Kal TNG MEoNG
dleubuvong Twv 100Babwv Tou BaAdcoiou nubuéva. Méow autng Tng O1adikaoiag
napaTneeiTal oTpoPr Tou WETWNOU Tou KUPATOC, TO ornoio Teivel va yivel napaAAnAo

npog TIC I00Babeic Tou NuBuéva. H diadikacia auTn €xel kal NAAl WG ANOTEAETHA TNV
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

oTadlakn diIdxuon TNG KUMATIKAG EVEPYEIAC, NOU eKPPAlETal HEOW TNG TPOMOMoINONG

TWV KUPATIKQV XapaKTNPIOTIKWV.

H enmippor TwvV avwTépw PAIVOUEVWVY €MIBAMEI TNV €UPECT TWV TPOMOMOINUEVWV
XapakTNPIOTIKWV TOU KUKATOG (UWOG Kal MAKOG). O unoAoyIoHOC TwV TPOMOMOINHEVWV
XapakTNPIOTIKWV TWV KUPATIONWV (AOyw prxwong kal d1iabAaonc) otnpixbnke oTn
peBodoAoyia kal TIG ouoTdoelc Tou Goda (1985,2000), onwg npoTeiveTal kalr and EM
1110-2-1614 USACE 1995. Ta Tpononoinyéva OTOIXEId TOU XApakTnpIoTIKOU
KUMATIOPOU Tou @Aaopatog (Hs) Kal Tou PEYIOTOU KUMATIOHOU Tou (pAopaTtoG (Hmax)
AOYw prxwong kai diabAaong, napoucialovTal oTov ENOMEVO Nivaka 0€ ouvapTnon He
TO BABoc. Baosl ouoTAcewv n dla0TACIOAOYNON £PYWV KOVTA OTNV aKTH, EKTEAEITA
AappavovTag we paocpa oxediacpou To pacpa os anootaon 0.5xHo’ anod autn, Adyw
TNG EVTOVNG CUCOWPEUCNG EVEPYEIAC, N ON0Ia £XEl WG ANOTEAECKA TA XAPAKTNPIOTIKA

TOU (pAOHATOC VA UMNOKEIVTAl OE EVTOVEC AAAAYEC.

Ta OToIXEid TwV XAPAKTNPIOTIKWV KUMATIOMWV 0XeOIAOPOU TwV  (PpACHATWV
ouvoyifovTal oToug NapakaTw Mivakeg yia Tig TpeIg dieubuvoelc urnohoyiopoU (NA, N
kai NA) kai yia Tic dUo nepiodoug enavagopdac. Or avaAuTikoi UMOAOYIOHOI

napouaialovrtal oto MapapTnua B Tou NapovTog TEUXOUG,.

> Nomoavaroldikn AisvBuvaon

T=75¢&mn:

Depth T d/L L Cg Ks 0 Kr Ho' Hs Hmax
(m) | (sec) (m) | (m/sec) ©) (m) (m)

20 4.25 0.7102 28.16 3.32 0.9989 0.00 1.0000 1.18 1.18 2.13

15 4.25 0.5333 28.13 3.36 0.9931 0.00 1.0000 1.18 1.18 2.12

10 4.25 0.3625 27.59 3.56 0.9654 0.00 1.0000 1.18 1.14 2.06

8 4.25 0.2978 26.86 3.72 0.9437 0.00 1.0000 1.18 1.12 2.01

6 4.25 0.2361 25.41 3.91 0.9212 0.00 1.0000 1.18 1.09 1.96

4 4.25 0.1766 22.65 3.97 0.9142 0.00 1.0000 1.18 1.08 1.95

Mivakag 3-8: NMpo®Onan voTioavaToAikoU KUpPAaTIoHoU yia T=75 €tn

T=1 £10¢:

Depth T d/L L Cg Ks (:] Kr Ho' Hs Hmax
(m) | (sec) (m) | (m/sec) ©) (m | (m)

20 2.59 1.0000 20.00 2.02 1.0000 0.00 1.0000 0.42 0.42 0.76

15 2.59 1.0000 15.00 2.02 1.0000 0.00 1.0000 0.42 0.42 0.76

10 2.59 0.9500 10.53 2.02 0.9999 0.00 1.0000 0.42 0.42 0.76

8 2.59 0.7601 10.52 2.02 0.9994 0.00 1.0000 0.42 0.42 0.76

6 2.59 0.5729 10.47 2.04 0.9954 0.00 1.0000 0.42 0.42 0.76

4 2.59 0.3869 10.34 2.14 0.9719 0.00 1.0000 0.42 0.41 0.74

Mivakag 3-9: NMpowOnon voTioavaToAIKoU KUHATIoOHoU yia T=1 €Tog
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

> Noma AisuBuvon:

T=75¢&mn:
Depth T d/L L Cg Ks ) Kr Ho' H, Humax
(m) (sec) (m) |(m/sec) ©) (m) (m)
15 3.39 08301 | 18.07 | 2.65 0.9997 4535 1.0031 | 0.80 0.80 1.44
10 3.39 05570 | 17.95 | 2.68 0.9946 4498 | 0.9998 | 0.80 0.80 1.43
8 3.39 04482 | 17.85 | 2.73 0.9839 44.65 0.9969 | 0.80 0.79 1.4
6 3.39 03431 | 17.49 | 2.88 0.9595 4351 | 09874 | 0.79 0.76 1.36
4 3.39 02438 | 1641 | 3.10 0.9237 4024 | 0.9624 | 0.77 0.71 1.28
Mivakag 3-10: NMpo®Onon vOTIOU KUHATICHOU yia T=75 £Tn
T=1 €T0¢:
Depth T d/L L Cg Ks e Kr Ho' Hs Humax
(m) | (sec) (m) | (m/sec) () (m) (m)
8 2.31 0.9500 8.42 1.81 0.9999 45.39 1.0035 | 0.35 0.35 0.63
6 2.31 0.7102 8.45 1.81 0.9989 45.58 1.0051 0.35 0.35 0.63
4 2.31 0.4803 8.33 1.85 0.9882 44.76 0.9979 | 0.35 0.35 0.62

Mivakag 3-11: NMpo®6Onon voTIou KUHATIOHoU yia T=1 €Tog

> Nonodurtikn AievBuvor):

T=75¢&mn:

Depth T d/L L Cg Ks [} Kr Ho' H, Himax
(m) (sec) (m) | (m/sec) ©) (m) (m)
20 4.50 0.6305 31.72 3.53 0.9975 81.18 1.0640 1.50 1.50 2.70

15 4.50 0.4764 31.49 3.60 0.9878 78.77 0.9443 1.33 1.32 2.37

10 4.50 0.3266 30.62 3.86 0.9541 72.52 0.7604 1.07 1.02 1.84

8 4.50 0.2705 29.57 4,03 0.9333 67.12 0.6683 0.94 0.88 1.59

6 4.50 0.2159 27.79 4.19 0.9159 59.97 0.5890 0.83 0.76 1.37

4 4.50 0.1632 24.51 4,17 0.9181 49.78 0.5186 0.73 0.67 1.21

Mivakag 3-12: NMpo®Onon voTioduTikoU KUHATIOHOU yia T=75 €Tn

=1 £10C:
Depth T d/L L Cg Ks (] Kr Ho' Hs Hmax
(m) (sec) (m) |(m/sec) (@) (m) (m)
15 3.39 0.8301 18.07 2.65 0.9997 82.69 1.1683 0.89 0.89 1.60
10 3.39 0.5580 17.92 2.67 0.9946 79.64 0.9827 0.75 0.75 1.34
8 3.39 0.4482 17.85 2.73 0.9839 78.45 0.9312 0.71 0.70 1.26
6 339 | 03431 | 1749 | 287 0.9595 7372 | 07870 | o0.60 0.58 1.04
4 3.39 0.2438 16.41 3.10 0.9237 64.23 0.6320 0.48 0.45 0.80

Mivakag 3-13: NMpo®Onon voTioduTIKoU KUHATIOHOU yia T=1 £T10G
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

4 AIAZTAZIOAOrHzZH KPHIMIAQMATOZ - TE®GYPQMATOZ

4.1 Eicaywyn

>Tnv napouca PeAETN npoBAéneTal n dlaoTacioAdynon Tou KUPIOU THNMATOC TOU
npoBAATa Nnou Ba KATAoKEUAOTEI WG KpNMIGOTOIXOC BapuTNTAG anod eNAAMNAEC OTAAEC
T.0. kaI TOU YEQUPWMATOC npooBaonc otc auTtd, To omnoio npoPAEnETal va
KaTaokeuaoTel eni BaBpwv. Ta PBaGpa 6a dopouvTal kai autd and omnAeg T.O.
OKUPOJENATOC.

H d1a0TacioAdynon Twv NPOTEIVOUEVWV EPYWV EYKEITAI GTOUG EAEYXOUC EUOTABEIAC TWV
otnAwv T.0. 0€ OTATIKN, OSIOUIKN KAl aTUXNMATIK QopTion. O KPIioIHoG EAEYXOC OTIG
NEPINTWOEIC TWV EPywv BapUTNTAC agopd KUPIwG TIC OUVAMIKEC (POPTICEIC MOU
npoOKeITal va avanTuxboUv katda Tnv diapkeia {wng Tou £pyou. Ta @opTia axediacpou
aMda kar n pebodoloyia UMNOAOYIOPOU ekTeAeiTal oUppwva HE Tov EANVIKO
AvTiogiopikd Kavoviopo (E.A.K. 2000 onwc auTtog Tpononoindnke kai IoxUel GNUepa).

O1 £Aeyxol EuCTABEIAC aPpopoUV OTOUC EAEYXOUC OAIOBNONC Kal avaTponng TwV oThAWV
ek T.0. kar ekteAolvTal OUVOAIKA yia TNV KABe oTAAn aA\d kai ava otadun T.O.
dedopévou OTI oI aTHAEG ouvioTavTal and endAnhoug T.O.. EminpoobeTa EeTalovral

Kal Ol avanTUCOOUEVEG TAOEIG MOU HETAPEPOVTAl OTNV BEUENIWON TNG KATAOKEUNG,.

‘Ooov apopd oTnV eucTAdEIa TWV OTNAWY TOU KpNMIdWHATOC NAapaBoAnc dev unapxouv
wONOEIC YaiwV Kal Ta pova emnAéovV OEIOPIKA PopTia nou avantlooovTal €ival Td
adpaveiakd Twv T.0., TNG avwdounG Kal ol eMnpOoBeTEG UOPOOUVAMIKEG MIETEIC
(duvapeic Westergaard). Eniong onuavTikn givai n udpoduvayikr popTIoN NMou ackeiTal
OTO NPOCNVEUO HETWNO AOYW TWV MPOCTINTOVTWV KUPATIOUWV KUPIWG OTn OTATIKA
POpTION. KaTa TNV atuxnuarikn ¢popTion unoloyilovTal ol SUVANEIC NPOCKPOUCNC TWV
oKAPWV OTIC ENOXIAKEC BETEIC NPOOdETNC XWPIC Va AaUBAvVETal uNnoYIv n eNidpacn Tou
KUMATOG, KaBwC auTec Ba AsiroupyoUv POVO OTav TO KUMATIKO KAIPA €ival EUEVEC.
>TOUC TPEIC ouVOUAOHOUC (POPTIOEWV MNPOCTIBETAl Kal n duvaun TnG d€0Tpac nou
QoKeiTal TNV avwdopr anod Ta eANIJEVIOUEVA oKAPN.

KaTd Tnv eniAuon euoTdbelac Tou YEPUPWHATOC EAEYXETAI TO £va BABPO €K TWV TPIWV
Kal Mo OUYKEKPIYEVA To BABpo 3, dnAadr) auTto nou dopeital and Tpeig osipeg T.0.. Me
TOV €AeyX0 TwV eVvOIQUEOWV OTABUEWV Tou BABpou kal AOyw OHOIag YEWHETPIAC
BswpeiTal 1kavoroloUVTAl Kal ol €AeyXol Twv unoAoinwv duo Badpwv. ZTOUC

unoAoyiopoUc Oev AauBavetal unoyiv To QOpTIoO TwV OE0TPWV OUTE TO (POPTIO
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OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

npookpouonc, Kabwe dev NPOoBAENETAI 0 EANIMEVIOHOC OKAPWV O AUTO TO TUAKA TOU
npoBAnTa. Katd tnv eniluon Tou PBabpou yia TNV cupnepiAnwn Tou BAapoug Tng
avwOOoMNG ekaTEpwOeV auToU, To €I0IKO BAPOC TNG AVWIONNG EICEPXETAI ENAUENMEVO.

4.2 Zxediacpog AlaTopng

4.2.1 Aiarour konmdwuaroc napaBoAric

To €pyo JIAUOPPWVETAI WC EVAG OUVEXEC KPNMIDOTOIXOC dUO KATAKOPUPWY HETWRWY
ano enaMnAec otnAeg T.0. nAatoug 5m. H £dpaor Tou npoPAENETal oTn OTABWN -
3,70m ano MzO kai n oTewn TnG avwdopung Bpiokeral ota +1,10m. 'EkaoTn oTAAn Ba
dopeital and Tpeic T.0. nAdtouc 5m, Uwoug 1,40m kal PAKOUG METWMOU 2,5m Kal
avwdOoI €K OKUPOJEWATOG. ZTNV NPOCTVEUN NAEUPA TOU KUPATOBpauoTn npoBAEnETal
TOIXiO €ni TNG avwdounG yia TNV ano@uyn TnG unepnndnong TOU KUMATIOWoU,
dedopevou OTI 0 NPoBARTAc Ba Aeiroupyei kal w¢ kupaToBpaloTne. MapakdTw oTnv

Eikova 4-1 napouoialeTal anéonacya piag Tunikng d1aToung Tou KpnnidwUaTog.
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Eixova 4-1: Tunikn diatopn kpnnid®parog napapoAng
4.2.2 Aarour yepupwuarog npoopaons

To yepUpwpa NpocBacnc kaTtackeudaleTal ni TPIWV BABpwY O ANOOTACEIG 5m PeTAEU
Toug Ta onoia dopouvTal and T.0. dpoiwv dIAOTACEWV HE TO KPNMidwHa napaBoAnc.
AOYyw TNG peTaBoAng Tou Badoug aTo onpeio, o nuBPevac diapgopPwvetal BabuIdWTA
yla Tnv €dpaon Toug o€ Badn -0,90m (1 x T.0. otAANC), -2,30m (2 x T.0. oTNANCG) Kai
-3,70m (3 x T.0. otAnc). Eni Twv BaBpwv TonoBeTeiTal n onAiopevn avwdopun €k
okupodépaToc. MapakaTtw otnv Eikdva 4-2 napouacialovral o anoonacpa owng n

d1aTagn Twv BABPWV TOU YEPUPWHATOC TNG TUMIKNG OIATONNG TOU KPNMIdWHATOC,
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Eikova 4-2: Anéonacpa oyng Badpwv yEQpUPGOHATOG

4.3 NapdapeTpol oXediaocHou

4.3.1 XapaktnploTikd UAIKQV KaTaokeurnc

> Kpnnidwpa napaBoAng:
e EI1dIkO Bapog okupodeparog T.0.: 23,50 kN/m?
e EI10IkO BApog OKUPODENATOC aVwOOUNC: 23,50 kN/m?

> Te@upwpa npoopaocng

e EI0IkO Bapog okupodepatog T.0.: 23,50 kN/m?3
e EI0IkO Bapog onAIoHEVOU GKUPOJENATOC NPONAAKAG: 24,00 kN/m?
e EIdikO Bapog onAIoPEVOU OKUPOJEUATOC AVWOOUNC: 24,00 kN/m?
e EI1dikO Bapog donAou oKUPOdEUATOG avwdOoMNC: 23,50 kN/m?

Ta napandvw €10IkA BApn CUHPHETEXOUV OTnV enidpaon Tou idlou Bdapouc Tng

KATAOKEUNG KATA ToV EAEYX0 EUOTABEIAC,

4.3.2 [EVIKEC napadoyec

270 nAaiolo TnG napoloag HEAETNG BewpnONKe OTI N NUKVOTNTA Tou BaAAcaiou vepou
gival 10,05 kN/m?3. H KivnuaTIKr ouvekTIKOTNTA Tou BaAacaivol vepoU o Bepokpaaia
16°C gival ion pe 1,17*10-6m?/s.

O ouvTeAeoTAC TPIBNG METAEU avwdoung kal avwtaTtou T.0. AapBaveral icog pe 0,60
000 Kal O OUVTEAEOTNC TPIBNG METAEU npiouaTog €dpaonc kai oykoAiBou Baonc. O
avTioTOIX0G OUVTEAEDTNG HETAEU Twv T.0. €kaoTng oTAANG AauBaveral ioog pe 0,50. O1
EAEYXOl EUCTABEIAC eKTEAOUVTAI AVA TPEXOV WETPO Kal OXI ava oThAN.
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4.4 ®oprTia oxediaopou

4.4.1 YOopoduvauiko popTio

H pebodoAoyia nou agopd oTnv KUKaTiki eopTion napoucialeral oto CEM (2006) kal
€xel npotabei and Toug Y. Goda & Tanimoto (Eikova 4-2). Tnv Guvéxela napatifeTal

n ev Aoyw pebodoloyia.
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Eikova 4-3: ZXed1GypapHa USPOJUVAHIKOV NIECEMV OE KATAKOPUPO HETWNO

77* = 0,75(1 + Cosﬁ)/llHdesign

2
py = 0.5(1+cos B)(Aa + A,a,cos B)p gH .

hc
_(I—F)pl yie > h,

P>
0 yia n*<h,
Ps=d; P
pu = 05(1 + Cosﬂ)ﬂ'j a1a3pngdesign
a4 =,
2
4mh | L
a, =0.6+0.5 ———
sinh(@zh, /L)
J oy hb —d H design ~ 2 2d
a, =10 MKpPOTEPO AMO ( )" Kol
3h b d Hdesign
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‘Onou:

h,—h, 1
a,=1- 1-
h, cosh(27h, /L)

n*: uneplypwon oTabung TG 6dlacoag AOyw TOU KUMATIOHOU Kal TNnG
€NidpPaonG ToU KATAKOPUPOU HETWMOU

B: n ywvia peTa&l TOU METWMOU TOU KUMATIOPOU KAl TOU HETWMOU TNG
KATAOKEUNC

pw: NUKVOTNTa Bahacaivou vepou (1025 kg/m?)

Hdesign: UWOC KUPATOG 0XeBIA0HOU TO 0roio opileTal we To UWPnAOTEPO KUpA 0N
kataoraon oxediaopoU TNG BANacoac os pia neploxr akpiBwe PnpooTd anod
oTov JwAo. Av To £pyo BpiokeTal oTta avoixTd Tnc {wvnc Bpavonc o Goda
(1985) npoTeivel va XpnOILOMNOIEITAl yIa NPAKTIKO OXeOIAOWO MIa TIWA ion e
1,8Hs n onoia avTioToixei 010 0,15% TwV PEYAAUTEPWV TIHWOV TWV VPRV TWV
KUMATIOMWV KaTavepnuéva pe Rayleigh. AuTto avTioTolxei oTo Hijzso (TOV HECO
Op0 TWV UYP®V TWV KUPATWV Mou oupnepiAayBavovrar oto 1/250 Tou
OUVOAIKOU apiBuoU TwV KUPATWY, KATATaooOWeva o€ (pBivouoa osipd UWoug
anod Tov uwnAOTEPO KUpaTiopo). O1 npotdoeic Tou Goda nepidapBavouv €va
OUVTEAEDTT aoPaleiag onwe avapEPETal GTOUG OXETIKOUG nivakes (BA. EM1110-
2-1100 (Part VI) 2006 — Table VI-5-55). Av To £pyo Bpioketal otn {wvn
Bpauong Haesign AAUBAVETAI WG TO UYPNAOTEPO ANO Ta Tuxaia Bpaudpeva kUpaTta
O€ anooTaon 5Hs avoiyxTda TnG KaTaokeung,.

L: To PAKOG KUKATOG

d: Baboc nubpEva EUnNpooBEeV TOU PETWMOU TOU £PYOU

hp: BaBog oe andoTaon 5Hs avoixTd Tou PETWMNOU TOU EPYOU

hc: 0TABUN OTEWNC KUPATOBPAUOTN

h': BaBoc oTn oTadun £dpaonc

hw: OUVOAIKO UWOG KATAOKEUNG anod Tnv oTeyn €we TNV £dpacn

A1, A2, As: €ival TpornonoinTIKOi GUVTEAEOTEC nou e€apTwvtal and Tov TUMNo
KaTaokeunc. MNa oupBatika katakopupa £pya Ai=A=As=1 TIYEG yia AAAOUC

TUNOUG KATAOKEUWV divovTal G€ OXETIKOUG MIVAKEG

H avaAuTIKf) eKTEAEON TWV UMOAOYIOHWV TOU MPOMIA TwV MIECEWV P1, P2, P3 Kal Pu

e€artiag TNg dpAong Tou KUKATOG EyIVe e TN BonBeia unoloyloTikoU pUANOU €pyaciag

o€ H.Y. nou napouaialetal avahuTika oto Mapaprnua I,
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Ma Tov UnoAoyIopO TwV UOPOJUVANIKWY POPTICEWV OTNV OTATIKNA POPTION, WG KUKA
oXedIaopoU AauBAveTal To MEYIOTO KUPA (Hmax) TOU PACKATOC TNV NEPIOXN TOU £PYOU
(META TNV npowBnon TOU KUMATIOPOU Kal Tnv enidpaon Tng O1abAaong kalr Tng
pPAXwonG) yia Tnv duoueveaTepn BlEUBUVON Kal yia nepiodo enavapopds 75 eTwv. Q¢
Kpioun OieUBuvon kupaTiopoU enmiAéyetal N NoTioavaToAlkn kal TEAIKG Ta HEYEDN
oxedlaopou gival auta nou cuvowilovtal oTtov Mivaka 4-1. AvtioToixa yia TNV OEIoHIKN
@opTion Aappaveral o KUPATIopoG (Hmax) TNG idlag dieuBuvong (NA) yia nepiodo

enavageopac 1 £rouc,.

ZnuelwveTal 0TI, ONWC NAPOUCIACTNKE Kal o€ nponyoupevo KepdaAalo, To PHECO €UPOG
NG dlakupavong TG Méong ZTabung ©@alacoac Adyw naAippolag sival pikpo (nepinou
18 c¢cm) kal enopévwg n €nidpacn TG oTa udpoduVaIKA XApaKTNPIoTIKA TwV Uno
MEAETN KUMATIKWV YEYOVOTWV KPIvETAl adeAnTEa kal Oev AapyBaveral undoyn oTo nAgiolo
TNG napouoac. EmnA&ov, oTnv nepioxn ekTiyaTal 0TI Ta 6aAaccoia peuyara ival acevn

Kal WG EK TOUTOU N OUVEIG(OPA TOUG 0TV UOPOJUVAIKA (POPTION EMIONG AUEAEITA.

Mey£0n MNepiodog Mepiodog
oxediacpou | Enavagopdc 75 érn | Enavagopdg 1 £Tog
Hmax (M) 1,96 0,76
L (m) 25,40 10,47
T(s) 4,25 2,59
N*max (M) 2,94 1,14
d (m) 3,50
B () 0
hs (m) 9,00
hy (M) 5,00
hc (m) 2,20
h” (m) 3,70
hw (m) 5,90

Mivakag 4-1: Mey£0n oxed1a0H0U YIa TOV UNOAOYIOHO TGV USPOSUVAHIK®V NIECEWV YIdA
nepiodo enava@opdag 1 £Toug
TeNika Ta anoTeAéopaTa TwV UOPODUVAMIKWV NIECEWV KAl N CUVOAIKT dUvaun &ni Tou
KATAKOPUPOU PETWNOU napouaialovral otoug MNivakeg 4-2, 4-3 evw To NPOQIA auTwV
qaiveral otnv Eikdva 4-3. EidikoTepa napouacialovTtal Ta anoTeAEoKATA NOU APopouV

TIC OPICOVTIEC UDPODUVAUIKEC NIECEIC OTIC XAPAKTNPIOTIKEG OTABUEC, OnAadn oTnv
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M.Z.0. (£0m), otnv oTadun TnG MéyioTng uneplywon (+2.94m kar +1,14m
avTioTolxa), oTn oTabun oTEWNG Tou Toixiou (+2,20m) kal oTnv oTadun £dpacng Tou
kpnnidoToixou (-3,70m). XTnv oTaBun Oepeliwong unoAoyileTal emnAéov
KaTakopugpn nieon NoU ACKeiTal OTn ywvia ToU PETWNOU TNG KAaTaokeunc. O1 MIECEIG
METAEU Toug peTaBalovTal ypaupikd, €101 ME anAni oAOKANPWON TWV TIHWV AUTWV
npokunTel n udpoduvapikn dUvaun ava JETPO PNKOUG TOU HWAOU NOU ACKEITAl 0 KABE

dlenmipavela eAéyyou Twv T.0. yia TV €l0aywyn Toug 0To NPOypapua eniluonc.

po 2,94 0,00
P2(toix) 2,20 3,16
pl 0,00 12,55
p3 -3,70 8,49
56,20

8,07

KATAKOPUPOU HETMOMNOU Yid NEPiodo enavapopdg 75 eTov

Po (roix) 2,20 -
p2 1,14 0,00
p1 0,00 4,62
p3 -3,70 2,74

16,25
2,72

Mivakag 4-2: AnoteAéopaTta unoAoyiopoU udpoduvapIKOV NIECEMV/SUVAPE®WY €ni TOU

Mivakag 4-3: ANoTEAECHATA UNOAOYICHOU USPOJUVAHIK®DV NIECEMV/JUVAHEDV ENi TOU

KATUKOPUQOU HETMNOU Yia NEPiodo enavagopdg 1 £Toug
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Yo pobUVEIKET TIEDE L OT0 KETHKODUDD JE T

4.4.2 @oprio OsoTpac

>Ta nAaiola Tou oxediaopoU ONUAvTIKOC KPIVETAl KAl O UMOAOYIOHOC TwV EAKTIKQV
POPTIWV TWV OEOTPWV TOU HWAOU KATA TNV NPOCdECN Kal Napapovh Twv oKaPwV ni
TOU NPOooNVEOU HwAou. O HwAoG npoPAEneTal va eEUNNPETEl oKAPN MNKOUG €wg 15m
Kal nAaTouc nepinou 5,0m. Ta eEunnpeTolpeva okagpn eival nou 6a kabopioouv Tnv
gmAoyny Tou TUNou OE0TPAC Kal TNG OVOMACTIKAG TNG avToxnG. ZNMEIQWVETAl OTI N
NPUKVOJETNON Ba YiVETal KUPIWG OTNV UNAVEUN NAEUPA TOU HWAOU HE EMNAEOV BETEIG
€NOXIaKNG NPOCadeoNG va diaTiBevTal ENOXIAKA KAl OTO NPOCHVEUO HETWIO, YIA OKAPN

idlou Pey£Bouc.

H anooTtaon peta&l Twv deoTpwv unoloyileTal ye BAon To NAATOC NPOodEONC TWV
etunnpeToUPeEvwY OKapwv. Baocel Twv OlaypauudTwV MNKOUG — NAGTOUG rou
napouaialovTal oTic ouoTaoelg TnG PIANC, npokUnTel n TIUr oxediaopoU yia To NAATOG
TWV OKAQWV. € QUTH TN TIPN NPOCTIBETAI N EAeUBEPN anooTaon ion We nepinou 0,5m
(ekaTEPWOEV), yia TO PEYIOTO oKAPoc. ‘ETal To NAGTOG Npdodeonc Aappaveral ioo pe
nepinou 6,0m. Ta oToixeia yia Ta eEunnpeToUpheva okagn ouvowilovtal oTov Mivaka
4-4,
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. , : MAaro
Kcn'nvqplu Mnkog MAarog np606sc:;r|¢;
OKAPpwV (m) (m) (m)
I <10 3,5 4,2
II 10-12 4,4 5,2
III 12-15 5,0 6,0

Mivakag 4-4: TEWPETPIKA XAPAKTNPIOTIKG e§unnpeToUpeEVOV okapwv (nnyn: PIANC)

ZUMQwva Pe Ta napandavw, NpoTeiveTal n TonoBETNon deoTpwV ava 6m o€ €va PRKOG
nepinou 115m vyia kaBe peTwno. MapdMnAa npoTeiveTal n  €ykaTaoTaon
CUMNANPWUATIKWV Kpikwv npoodeong kal nahl ava 6m yia Tnv €Eunnpetnon
MIKPOTEPWV OKAPWV KABWC Kal yia ENIKOUPIKA XPNon. ZNUEIWVETAl OTI N EYyKATACOTAON
TwV 0e0TPWV NPOBAENETAI AMOKAEIOTIKA 0TO KPNNidwpa napaBoAnc. ApouU enIAéxOnke
N anooTtaon PETa&l Twv OEOTPWV OEIPA EXEI N EKTIUNGN TWV POPTIWV NOU ACKOUVTAl

OTO £PYO Ao AUTEC.

H dpaon Tou avépou, EKTOC and TNV YEVEON Kal NPowenaon Twv KUPATIOPWY NPog TO
€pyo, ennpealel kal Ta eAMpevifopeva o€ autd okagpn. Or aveonIECEIC Mou
avanTuooovTal ano Tnv 6pAacn TOU AVEPOU HETAPEPOVTAl HECW TWV KABwV O0Ta onueia
npdodeonG €ni Tou HwAou. To Péyebog TnG dUvapNG TNG aveponieong nou avaiappavel
n d¢oTpa €€apTatal anod Tnv TaxUTNTA TOU AvEPOU Kal and TNV €NIPAVEId TOU OKAPOUC
OTO onoio npooninTel. Bacel Twv cuoTAcswv nou npoTeivovTal and Ta Australian
Standards, o unoAoylopog TnG dUvapng nou npokaAeital ano Tnv dpdon Tou avepou

0Ta oKAPn, NPOTEIVETAI va YIVETAI JE EPAPHOYT TWV NAPAKATW OXECEWV:
g, = 0.0006 x V2
‘Onovu,

e (. nieon avépou oc kPa
e V: TaxUTNTa 0X€dIAOPOU TOU avEPOU (YIa EYKATAOTACEIG HOVIHOU EANILEVIOHOU
oKaQWV MNPOTEIVETAI WG QAVEPOG OXEDIAOMOG va €MIAEYETAl N MEYIOTN
KaTaysypaupevn TaxuTtnTa)
Fp=Cp*xAxq,
‘Onovu,

e Fp: dUvapn Tou avépou otnv dieuBuvan nvonc autou os kN
e Cp: ouvTeAeoTNG oupTIKNG duvaung (BA. Mivaka 4-5)
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e A: npoBoAr TNG eMIPAveIac Tou oKAPoug kabeTa otn SlEUBUVGN NVONG
(Nivakac 4-6)

abxerm omy oveponieon | MAkOS(m)
MAGPN 0,7-0,9
MpGpvn 0,9-1,1
Kabera c?;rc'?(\l;oauﬁqova TOU 0,9-1,1

Mivakag 4-5: TunIKEG TINEG OUVTEAEOTR OUPTIKAG dUvapng (nnyn: Australian Standards)

DESIGN VESSEL AREA FOR WIND FROFILES

WMaoior vevsels YVachis
¥ I;;‘;:::'rl:'iilh Eowssed ared, m' Eupased arva., m’
Hral B am Hwad Beam
H g [ 1 11
Ik T 32 a 13
|2 1l 19 f i
13 18 1% H 2X
15 72 fid 1 i)
20 24 Th 12 H
i 1] 08 1% il
3} 15 120 15 2
1% 4 In7 K 1.2
41l TH ald 4 18
45 L& 2l il o
Sik SHE el 5. firll 249
MOTE: For yessels lamger than 25 moa-straciure Boight = preser tham 3 me shoald be

comsidored see AS LITOZ

Mivakag 4-6: ENIQAveIa oKAp®V yid TOV UNoAOYIOHO0 ThG aveponieong (nnyn: Australian
Standards)

>Tnv napouoa e€eralovral dUO NEPINTWOEIG NOU agopouyv Tnv dielBuvon Tou avepou.
H pia nepinTwon Bewpeital 0TI 0 AvePOg Nveel kaTta Tnv dleuBuvon Tou agova Tou
oKA@oUG kal n OeUTEPN ONOU 0 AVEUOC NVEEI KABETA O AQUTAV. TNV NPWTN NEPINTWAN
n emeavela otnv onoia dpa n aveponieon a@opd Tnv npupvn Tou nAoiou (wind to
stern) evw otn deUTepn TNV NAAyla emipavela katd pnkog autou (wind to beam).
Aedopévou OTI NPOKEITAI YIA EYKATACTACN MOVIHOU €ANIJEVIOPOU OKap®y N TaxutnTa

EMAEYETAI iON ME TNV PEYIOTN KATAYEYPAUKEVN aANO TA AVEUOAOYIKA JedOMEVA Kal ion
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ME u=30 m/s. Ta TeAikd anoTeAéopata Tng peBodoloyiag napoucialovral oTov

MNivaka 4-7.

Mey£0n oxediacpou Tign
TaxutnTa avépou u (m/s) 30
Migon avéyou g, (kPa) 0,54
>uvTteheoTnc oupong Cp 1
Enipaveia spappoyng Tou avépou A otnv npupvn (m?2) 18
OMikr) dUvapn aveponieang ackoUpevn oTnv npupvn Fp (KN) 9,7
Enipaveia epappoyng Tou 'avs':pou A e diebBuvan kABeTn oTov 45
agova (m?)
OMikr) dUvapn aveponieong kabera oTov a&ova Fp (kN) 24,3

Mivakag 4-7: AnoTeAéopara peBodoAoyiag

Ano Ta napandavw anoTeAEOPATA NPOKUNTEl OTI N JUOHEVAC NEPINTWON apopd Tov
AveNo Mou Nvéel KABETA oTa okAPn AOyw TnG MeyaAUTepNG enipaveiag oTnv onoia
epappoleral. H peyiotn duvapn nou kaAouvTal va napaAapouv ol dECTPEC ival ion Pe
24,3 kN 1y nepinou 2,5 tn. Znueinveral 0TI KABe oKAPOC Oevel o€ dUO OEOTPEC WOTOCO
0t KABe J€0Tpa HMopouv va OEoouv €wc OUO oKAPn onoTe n TeAKr dUvaun nou
aokeiTal otnv 0£0TPa €ival N w¢ avw unohoyioBeioa. H dUvapn nou ackoUv ol dECTPEG
OTOV HWAO ava METPO PRAKOUC, DeDOPEVNC TNC anoOoTaAonC PETAEU Toug iong YE 6m
unoAoyietai ion pe 4,1 kN/m. AuoPEV®G YIa TOUC EAEYXOUG EUCTABEIAC OTN OTATIKN
KAl aTuxnuarikni kataotaon n duvaun emieyerar ion pe 5 kN/m. To @opTio auto
anopEINVETal Kata 50% yia TNV CEIoHIKT GOPTIoN Kal AayBaveral ioo pe 2,5 kN/m.

ZUM@WVA JE TOUG NApanavw UNoAoYIoHOUG EMIAEYOVTal OECTPEC OVOUATTIKNG EAKTIKAG
avtoxnc 5tn kar kpikol avroxng 1tn. O1 d€oTpec Ba TONOBETNOOUV EKATEPWOEV TWV
NPoBAENOPEVWV  BE0EwV  eANIPEVIOPOU, evew  WETAEU  Oiadoxikwv OsoTpwv Ba
£YKATAoTABOUV 01 KPiKOl. ZNUEIWVETAI OTI GTOUC UNOAOYIGHOUC dgv NPOCTIOETAI KANOIA
duvaun and Toug kpikoug kabw¢ Oa AsiToupyoUv EMIKOUPIKA 1 OE MEPINTWOEIC
ENNIPEVIOPOU MIKPOTEPWV okapwv. EEGAOU n avToxr Toug gival 0apws HIKPOTEPN TNG

avToxnc TV OECTPWV.

4.4.3 @opTio NPOCKPOUTNC

Katd Tov €Aeyxo TNnG aTUXNMATIKAG (OPTIONG AauPAveTalr unoyiv To (POPTIo
NpOOKPOUONC TWV OKAP®WV KATA Tov EANIJEVIONO Touc. Kpioiun €ivar n dUvaun nou
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AOKEITAl OTO MPOCHVEMO METWNO KATA TOV EANPEVIOMO OTIG €MOXIAKEG OE0EIg
npoadeonc. Asdopevou OTI o BE0EIC auTéG Ba kaBioTavral ASIToUpYIKEG anmouaia
KUMATIOPOU, KaTd Tov €AeyXo euoTadeiac, dev AauBaveral unowiv 1o udpoduvapiko
PopTio. ZUPPwva pe TNV BIBAIoypagia yia okagpn Pe ektoniopa €wg 5000t To popTio

npookpouong pnopei va Aappaveral ico pe nepinou 1,5tn/m 3 15kN/m.

4.4.4 Zciouikd QopTia

SUhpwva pe Tov E.ALK. n uno PeAETn nepioxny avnkel otn {wvn (II) O€IGUIKAG
ENIKIVOUVOTNTAG Tou KavoviopoU. O ouvTeAEOTAC CEIOHIKAG EMITAXUVONG €dAPOUC YIa
™ Cwvn II €ival a=0.24, evw n CEIGUIKN €NITAXuvon Tou €dagoug A diveral and Tov

TUMO:

A= a*g (‘Onou g n enitaxuvon Tng BapuTnTac).

HEQE XAPTHE IEIZMIEHEI EMKINAYROTHTAL

®fon pyou
TR

Eikova 4-4: XapTng {WvaV CGEICHIKNG eNIKIVOUVOTNTAG TG EAAGSAG, oUpu@wva pe Tov EAK
2000 kal TV NPOCPATN TPONONoiNon Tou
ErmAéyovTag OUVTEAEDTH) CUMNEPIPOPAC qw=2,00, KABWC Ol PEYIOTEC AVAUEVOUEVEG
napapgopPpwaoelc dsv Ba unepBolv Ta 300a = 72mm n TIPN TNE opIfOVTIAG CUVIOTWOAG
TNG OEIOMIKAG EMITAXUVONG NPOKUNTEI ion e an= 0,249 / 2 = 0,12g.

AvTigToIxa n TIUN TNG KaTakdpupng ouvioTwoag Ba cival ion pe ay = 0,24g x 0,3 =
0,072g.
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2TV nepIinTwon OUVAMIKAG QOPTIONG OTIC OSIOHIKEC OPACEIC MPOOTIBETAl N
udpoduvauikn METABOAN TNG nieang Tou vepoU n onoia unoAoyileTal cUPPWVA HE TN
Bswpia Tou Westergaard. O1 udpoduvapikeg niEceig kata Westergaard divovTal

ano Tn oxéon:

p(2) = (5) + an+ v+ VE;

‘Onov,

H: To BaBog Tou Toixou KaTw and Tnv eAeUBepn enmipavela (M.Z.0.)

Z: To Baboc Tou eEeTalOPEVOU ONUEIOU

Yw: TO Jovadiaio BApoc Tou vepou

an: 0 opIfOVTIOC ouvTeAeoTNCG (ah=a/qw)

H napandvw oxeon Bivel TIG udPOdUVAUIKEG NIETEIC OTNV EEWTEPIKN NAPEIA TOU TOIXOU
avTIoTAPIENG. ZuvioTaTal O MEPINTWOEIC ONwC n e€eTtalOPevn n €papupoyn oTo
anoTEAETHA TNG NAPAnavw oxeong NOAAANAAcIaoTIKoU GUVTEAEDT i00 HE 2, AOyw Tou

apvnTikoU kal BeTIkoU NpOGNKOU OTn OXEON.

4.5 'EAeyxol euoTadsiag

H avaAuon ekteAéoTnke Pe To EEIDIKEUPEVO Aoyiopiko GEO 5 pe Baon Tnv sicaxdeioa
YEWUETPIaA Kal PpOPTION ONWC aiveTal oTiG Eikoveg 4-5 €wg 4-7.
O  anaitoUyevol  OUVTEAEOTEC aOQAAEiac  yia TNV NEPINTWON  OTATIKAG

POpTIONG/ouvBnKwv AeIToupyiag ivai:

e 1.75 yia oAioBnon

e 1.75 yia avatponn

O1 anaitoUPeEVOl OUVTEAEOTEC AOPAAEiac yia Tnv nEPINTWON CEIOHIKAG KAl TNG
aTuxnUaTikng QopTIoNG Eivat:

e 1,00 yia oAioBnon

e 1,00 yia avaTponn

Avagopika Pe TNV €KKEVTPOTNTA I10XUEI O MEPIOPIOPOC e<b/6, evw povo yia Tnv
OEIOMIKA POPTION N {NTOUMEVN €KKEVTPOTNTA NeplopileTal anod To e<b/3.
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY
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4.6 AnoTeAEoHATA UNOAOYIOH®V

O1 ouvTeAeoTEG aoPaleiag oe kABe OTABUN €AEyXOU Yia TOUG TPEIC ouvOUAoHoUG
(POPTIONG YIA TO OUVEXEC Kpnnidwla kal yia Toug dUo cuvdiaopoug yia To Babpo
avTioToixa @aivovtal otoug Mivakeg 4-6 €wg 4-10. H avaAuTikn napouadiaon Twv
UMNOAOYIOHWV Kal TwV anoTEAEOUATwV TnG avaAuong napatiOeral avda ouvouaouo
@opTiong oto MapaprTnua A. InueiwveTal OTI KATA Toug eAéyxoug dev AngBoav
UnoyYIvV Ol EKTIHWHEVEG KABICNOEIC NOU MPOoEKUWa anod Tnv FewTexvik MeAETN nou
napouoialeral oe enopevo Ke@dalalo. QoTOOO OTO GUVOAO TOUGC Ol GUVTEAEOTEG
NPOEKUWAV ONUAvTIKG WeyaAUTEPOI and TOUC OUVTEAEOTEG ACOQPAAEIAC OUVENWC Ol

onoleg kabinoeig TN Ta&ng Twv 10cm kai 20cm dev KpivovTal ONUAVTIKEC.

5,0

doprTio dEoTpac:

OpIZoVTIO UDPOSUVANIKO
@opTio NAvw ano Tn
M.Z.0.: 17,3 kN/m

Op1ZovTIO UDPOBUVAMIKO
@opTio kaTw anod Tn
M.Z.0.: 38,9 kN/m

5,0 kN/m

KaTakopu@o udpoduvapiko
@oprTio: 20,2 kN/m

Eikova 4-5: ZTaTikn ¢popTion (EniAuon oTto GEOS5, He KOKKIVO N S3UvApn Nou 3EV GUHHETEXE!

oTo Ba6po)
£ OpiZovTIo UdpOdUVAIKO
[T = - -:5.* ' ' '
060 @opTIOo NAVW ano
3 e | M.2.0.: 2,6 kN/m
— — = = B = o e T T
4,80 : 1 p OpIZovTIO UDPOBUVAHIKO
o - St popTio KATwW anod Tn
; «— | M.5.0.: 13,6 kN/m
®oprio déoTpac: - -
2,5 kN/m - i,80
] 3,40 1
: 1 |

®oprio oeiopol

@opTio: 6,79 kN/m

KaTakopu@o udpoduvapikd

Eikova 4-6: Zeiopikn ¢opTion (EniAuon oto GEO5, € KOKKIVO N 3UVAMN NOU 3EV CUHHETEXEI
oTo Babpo)
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= 500
/“1
®oprio déoTpag: [ 5 0p P e o il e e e
5,0 kN/m ;
2 ®opTio NpoCKPOUONG:
4,80 15,0 kN/m
5,00
"] -
5,00 | B, 0
_— - ey E |
1 4
Eikova 4-7: ATuxnuarikn ¢opTtion (eniluon pe GEO5)
-3,70 (£0paon) -2,30 -0,90 +0,50
3,99 7,22 10,97 17,45
3,63 3,07 3,04 2,98

Mivakag 4-8: ZuvTeAEOTEG AOPAAEING O OUVONKEG OTATIKAG POPTIONG TOU KPNMISOHATOG

-3,70 (¢8paon) -2,30 -0,90 | +0,50
3,36 5,79 11,88 | 41,49
1,95 1,86 2,33 3,90

Mivakag 4-9: ZuvTeAEOTEG AOPAAEIAG OE CUVONKEG OEICHIKNG (POPTIONG TOU KPNMISWHATOG

-3,70 (£dpaan) -2,30 -0,90 +0,50
10,65 11,61 14,01 24,39
11,72 7,40 5,04 2,46

Mivakag 4-10: ZuVvTEAEOTEG AOPAAEIaG O€ OUVONKEG ATUXNHATIKAG POPTIONG TOU
KPNMId®PATOG

-3,70 (€dpaan) -2,30 -0,90 +0,50

5,27 10,91 19,64 49,92

4,74 4,27 4,89 8,09

Mivakag 4-11: ZuvTeAEOTEG AoPAAEiag 0 OUVONKEG OTATIKAG POPTIONG TOU BaGpou

-3,70 (¢8paon) -2,30 0,90 | +0,50
3,64 6,28 13,12 | 70,25
2,20 2,15 2,75 4,80

Mivakag 4-12: ZuvTeAeoTEG AOPAAEIag 0 OUVONKEG OEICHIKIG POPTIONG TOU BA6pou

TPITQN ZYMBOYAOI MHXANIKOI 38
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5 AIAZTAZIOAOrNHzH zYZTHMATOZ NMPOZTAZIAZ MOAOZ

5.1 Tevika

To npdBANUa TNG unookaPng Nodoc Twv KpNNIdOTOoIXwV anod Tnv dpdaon TwWV NPONEAWV
eival éva ouvnbec gaivopevo. Eivalr agloonueiowTo pHANoTa OTI Ta TeAeuTaia Xpovia
EMOEIVWVETAI AKOMA NEPIOTOTEPO TO PAIVOHEVO AUTO, AOYW TNG Au&nuévng 1oXU0G TwV
MNXAVWV Kal ToU PEYEBOUG TV EANIKWV TwWV oUYXpovwv NAoiwv. Ma TNV avTIJET®NIoN
Tou npoBARuaTog, xpnoidonoloUvtal dlAdgopa UAIKG Ta ornoia TonoBeToUpeva
oxnuatifouv pia {wvn npooTaciac (Bwpakiong) enapkouc NAAaToug (EUPOC EPapHOYNC)
Kal Ndyoug UNpoaTa ano Tov noda Tou kpnmidoToixou, WOTE va PNV napacupovTal ano
TIC UPNAEC NUBPEVIKEG TAXUTNTEG Nou npokahoUvTal anod TIG EAIKEG Twv NAoiwv. Ta

UAIKG nou XpnoiponoloUvTal, Kuping, €ival:

e T[I\dke¢ npooTaciac noddC, Mou €ival MNPOKATAOKEUAOWEVA OTOIXEIQ €K
OKUPOOENATOC

e OpBoywvika ouppaToKIBWTIA YEPATA Pe NIBOpPINEC Kal AiBouc

e TAGKEC €yXUTOU OKUPOOEUATOC

e ®uaikoi oykOAIBol

e JAKKOAIBOI €K OKUPOOENATOC

e EUkapnTa oTpwpaTta KUBoAIBwv anod okupddepa

O1 yebBodooyiec unoAoyiopou TnE anaroUPEVNG NPooTaciag noddc Twv KpnmidoToiXwV
ano Tnv dIaBpwTIkr dpdcn Twv nponeA®wv Twv nAociwv, Bacifovral og BewPNTIKEG

MEAETEC KAl NEIPANATIKEC EPEUVEG NOU avapepovTal otnv diebvr) BIBAoypagia.

H olokAnpwpévn npooTtacia nodd¢ Tou KpnmidOTOIXOU, EMITUYXAVETAl ME TNV
NpooTacia Tou npiopaTog Twv AIBoppinwv oTo onoio €dpaletal o kpnmdOTOIXOC, Ano
(puUOIKoUC oykOANIBouc. ZTnv napouaa xpnoidonolouvTtal NAAKEG npooTaaciag nodog ek

OKUPOOEUATOC KAl NPAVEG €K PUOIKWV OyKoAiBwv (P.0.).

2TV OUVEXEId, NepypaPeTal n pebodoAoyia unoloyiopoU TnG apxIKngG TaxuTnTac pong
NG PAERAC nou dnuioupyeital ano Tnv nponéAa Tou nAoiou (f aAAiwe TN TaxuTnTag
™G PAERAG oTNV BN NARPOUC CUGTOANG AUTNG) KAl TWV NUBKEVIKWY TAXUTHTWV NOU
NPOKUMNTOUV anod auTn kai dnioupyoUv OUCIACTIKA TOV KivOUVO UNooKapnc. Méow Tng
TeAEUTAIAG yiveTal n dlacTacioAdynon Tou CUCTAPATOC NPOOTAciag kal TnG Bwpdkiong

nodog.
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5.2 YnoAoyioHOG NUBHEVIKAG TaXUTNTAG

TNV napouoa MEAETN €ival avaykaio va npoodlopioTel n TaxUTnTa PONG nou
npokaloUv ol KUpleg nponéheg (main propellers) Twv oka@wv Ta onoia 6a
NpupPvodeTOUV oTnV oXedlalopevn AIPevIKN eykaTtaoTaon. O1 ev AOyw NPONEAEG €ival
unevBuveg yia Tnv dIABPwON Mou MNPOKAAEiITal oTov Noda Tou KpnnidoToIXou Kal

ouUVENWC CUPPWVA PE auTEG YiveTal n d1a0TacioAdynaon Tou CUCTAKATOG NPOCTAaiac,.

O1 kUplec NponéNeC BpiokovTal 0To Miow WEPOC Tou NAoiou, XpnoiydonoloUvTal yia TNV
Kivnon auTtou kai Xapakrnpifovral and peyain 1oxU WnXavig Kal OUVEN®G HEYAAN
OlIGueTpo, 0 avTiBeon He TIC NPoneAeg eAlypwv. ‘OTav n nponéia Xpnoidonolsital
nAnoiov Tou kpnmdOTOIXOU, N UDATIVI PAERA MOU ONMIOUPYEITAI, TOV «XTUMNAER> Kal
OTNV OUVEXEIQ EKTPEMETAl NPOC TOV MUBPEVA kal TNV enipavelad Tng 6akacoag. To
NOo0OTO TNG PONG TNG PAERAC nMou avakAdaTtal oTov nuBpéva eival autd nou Ba
NPOKAAECEI KAl Ta NPOBARKATA UNOOKAPNC Tou PETWMOU. O1 KUPIEC NPONENEG KATA TNV
NPOoEyYYIon TNG AIMEVIKAG EYKATAOTACONC HEIWMVOUV ONUAvTIKa TNV 10XU TV PNXavov
O€ OXEON JE TNV HEYIOTN NOU XPNGCIKONOIOUV KATA TNV «MNPO0W-0A0TAXWE» MNOPEIA TOUG
OTa avoIxXTA. ZUYKEKPIYEVA, Nn 10XUG Ke TNV onoia AEIToupyei n nponéha kata Tnv
npayuparonoinon Twv eAYHwV Kupaiveral peta&l Tou 5% pe 15% oUppwva pe TIC
ouoTaoelg Tng PIANC. MNa Tov Adyo auTo npoBAENETAl ANOMEIwon TNG I0XUOG KaTa TovV

unoAoyiopd Tng TaxuTnTag ponc.

>Tn ouvéxela unoAoyileTal n TaxUTNTa TNG PONG Nou dNUIOUPYEITAl and TIG NPONEAEG,
n onoia pnopei va BswpnBei w¢ udaTivn GAERA Nou ekpeel PEoa and &va avolyua. Q¢
€K ToUTOU oUPQwvVa MPe TIC ouoTacelG Tou PIANC (2015), n TaxUTnTa €Kpong oTo

KEVTPO TNG PAEBAC NpoadlopileTal we EENG:

0.33
_~ (faPp
VO - C3 2
PwDy

‘Onov,

e Po: n10XUG TNG pnxavng oe (kW)

e pw: N NuUkvOTNTa Tou BaAdoaiou Udatog (ton/m?3)

e fp: TO NOOOOTO XprionG 10XUOG (5% - 15%), AapBaveral ico pe 10%

e C3: ouvTEAEOTNC YIa TO £€id0C NPONEAAC nou xpnaoigonolsital = 1,17 yia €NIKeC
MEoa o€ aywyo N 1,48 yia avolkToU TUNoU EAIKEG

e Dy n dIAUeTPOG TNG NpOonéAAg
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Ma Tov unoAoyIono TnG TaxUTNTAc pong, Npenel va kabopioTei n 100G TG PNXAVNG HE
Baon To WEYIOTO €EUNNPETOUNEVO OKAPOC. And oTolxeid nou eAn@Onoav ano Tnv
napoloa ayopd okawv Kal cUPPWVA PE TOUG KAOTAOKEUAOTEC AUTWV BewpeiTal OTI yia

MNXAavokivnTo oKAPog Urnkoug 15m 1oxUouv Ta kaTwei oToixeia Tou Mivaka 5-1.

Mey£0n oxediacpou Tign
IoxUc pnxavng (kW) 428
ApIBUOC pNXavav 2
Zuvohikn 1oxUg (kW) 856
AldpeTpog nponéiag (m) 1.00

Mivakag 5-1: ZToixeia okapav

Me Baon Ta napanavw Kai Bewpwvtac eAeUBepec nponelec (Cs=1,48) npokunTel n
MEYIOTN TAXUTNTA ponc TnNG NponeAac ion pe Vo=6,37 m/s.

Tov unoAoyIopo TG TaxUTNTAG EKPONG OTO KEVTPO TNG UDATIVING (PAEBAC akOAoUBEi 0
NPoodIoPIoHOC TNC TAXUTNTAG PONC OTov NUBEvVA, NMou NPoKUNTEN and TNV EKTPONH)
NG GAERAG NPog Tov NuBpEVa KaTd Tnv kpouan TNG aTov KpnrmidoToIXo. XNV napouoa
MEAETN yIa TOV UNOAOYIOPO TNG NUBPEVIKNC TaxUTNTAC YiVETal Xprion TwV €EI0WOEWY
oUppwva Pe Tnv Feppavikr) MeBodo (German Approach, PIANC (2015)). MNa okagen pe
diataén dinAng nponéhac (kair yia hp/Dp=2,7) Xpnoidonoicital n kAtwbi oxeon
unoAoyIopoU TNG NUBPEVIKAG TaxUTNTAC.

-0.275
hy h,

Vb max = Etwin * Vo * D. ,yie 0,9 < D <30
p p

‘Onovu,

e Ewin: ouvTeEAEOTAC = 0,42 yia nAoia pe dU0 NPONEAEC Kal £va KEVTPIKO NNOAAIo,
= 0,52 yia nAoia pe dUo NPonEAEC kal &va dINAG NndaAio
e hp: To Uyog oTo onoio BpiokeTal o agovag Tng nponéAac and Tnv oTadun Tou
nubpéva
OewpwvTac oka@og Pe OINAOG nndaiio (E=0,52), npokUNTel N TIMA TNG MUBMEVIKNG
TaxuTnTag ion pe Vb=2,52 m/s. O1 avaAuTikoi unoloyiopoi ekteAéobnkav o pUAAG

epyaoiag (spreadsheet) kar emouvanTtovral oto MapaprTnpa E Tou napovroc,.
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5.3 AiaoTacioAOynor GUCTIHATOG NPOCTACIAg

a Tov UNoAoYyIoNO TNG ENAPKEIAC TOU MPOTEIVOUEVOU OUCTAKATOG NPO0TAciag nodog
xpnolponoigital n pebodoloyia nou npotabnke and Tov Pilarczyk (CIRIA, CUR,
CETMEF, 2007) n Baoikn e&iowon Tng onoiag €ival n €EnC:

0.035  _ KkZV?
AD =¢ khksl Zg

‘Onovu,

V: n nuBpevikr) TaxUTNTa nou urnoAoyioTnKE OTO NPONYOUUEVO KEPAAAIO

A: n OXETIKA NUKVOTNTA TWV OTOIXEIWV BwPAKIoNG

®: ouvTeEAEOTNG EuoTABEIOC

e W, euneipiky napduetpog (Shields parameter) nou avTtinpoownelsl Tnv
IkavoTnTa S1IaBPwWOoNG Kal JETAPOPAC TOU UAIKOU NpooTaciag

e ki ouvTeeoTnG TUPPNG

e kn: OUVTEAEOTNG O onoiog e€apTdaTtal and To Tonikd BABoC Kal Tnv TpaxuTnTa
Tou UAIkoU (velocity profile factor)

e ks: napdapeTpoc nou eEaptatal and TNV kAion Tou npavouc (a) kai Tnv

E0WTEPIKN Ywvia TPIBAC Tou UAIkoU npooTaciac () (slide slope factor)

H napapetpog Dy €ival n SIQUETPOG TwV AiBwV TOU CUCTAKATOG NPOoTAciag, 6Tav auto
anoTeAeiTal and (QuUOIKOUC OYKOAIBOUG, R i00 PE TO MAXOC TOU MPOCTATEUTIKOU
OTOIXEioU, OTAV auTod €ival M.X. NAAKEC €K OKUPOJEUATOC OMNWG OTNV &V AOYW
nepinTwon. H OXETIKA MukvoTNTa TOU UAIKOU npooTaciac unoloyiletalr Bacel Tng
oxéonc A = (ps — pw)/pw (0NOU ps = 2,35 t/m3 yia okupodepa kal py = 1,025 t/m?
Balaoaoivo vepo). O ouvteleoTn Shields (W) AapBavel TIPéG HETAEU Twv opiwv 0,035
kal 0,07 yia AiBouc kal NAAkeG okupodépPaToc. Ev npokeipevw Aappaverarl n mipn 0,07.
O ouvTeAeoTnG euoTaAdelac @ pnopei va napel TIWEG YeTa&u 0,5-0,75 kai AapBaverai
iooG pe 0,60, BAosl CUOTACEWY YA NAGKEG OKUPODENATOC. AeDOUEVOU OTI NPOKEITAI YId
KATAKOPUPO HETWNO OE OUVOUAOMO HE TO YEYOVOC OTI N TONoBETNON TNG NAAKAG
npooTtaaciag nodog Ba yivel opilOvTIa 0 oUVTEAECTNC KAiong npavouc ioouTal pe 1. Mia
ONMAvTIKr NAPAUETPOG MOU UMEIOEPYETAI OTOV OXEOIAOUO €ival O GUVTEAECTNC ToOU
npo®iA TNC TaxuTnTag nou €faptaral and To UAIKO TnG Bwpdkions. H Tiun Tou
ouvtedeotn kn AauBavel TipR 1, oUppwva pe TIC ouoTdaoelic Tou PIANC (2015), yia
nepiBaMov évrovng dpdaong nponeAwv. O OuvTeAeoTNC TUPPNG €€apTatal and To

KaBeoTwC TNC ponc To onoio ennpealeTal and Tnv eyyuTnTa aTov KpnmdOTOIXO O OM0I0G
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npokaAei avakhaon TnG PAERAC kal UPNAEC TaxUTNTEG ponG. ZUPPWVA HE TIC CUOTACEIC
Tou PIANC, oTav n €niAuaon yiveral Ye Ta Meppavika npdtuna, Onwe OTnV NPOKEIPEVN
nepinTwon, n TiYA yia 1o k? 1oo0Tal Ye 1,5 yia karaotaon au&nuévng &vraong

TUpBWAOUG pon.

TeNika, Baoel AWV Twv Napanavw napadoxwv, To NAaxog TNG NAAKag NpooTaciag nodog

npokunTel ioo Je D=0,20m.

To NAATOC NPooTaACIaC ENMNIAEYETAI I00 PE 2m Kal TO MAKOG TNG IooUTal JE TO MAKOG TOU
METWNOU TNG oTNANG T.0..TEAOG npaydaTonoinBnke €AeyXog TwV OUVAMEWV Mou
aockoUvTal oTnV NAJKa yia ToV EAEYX0 €UOTABEIAC TNG. ZUYKEKPIPEVA Ol DUVAEIC MOU
aokoUvTal €ival KaTakopUPEC Kal agopouv Tnv duvaun Tou BApoug unod avwon Tng
NAGKAG kal hia avwoTik dUvapn ano Tnv Asimoupyia Twv nponeAwv. H dUvaun autn
dnuioupyeital Adyw d1apopac nieong HETAEU ToU VEPOU OTNV Avw NAPEIA TNG NAAKAG
Kal auTou oTnVv oTAOuN Tou nubuéva. Ma Tov éAeyxo Ba npeEnsl n WEYIOTN AVWOTIKN
duvapn va eival JIkpoTEPN Tou UNo avwaon Bapoug Tng nAdkac. O TUNog nou divel TNV
ev Aoyw dUvaun eivail o €EAC:

2
Pw * Vbottom

Ap=CL 2

Kal NPEMEl va IKavoroIEiTal n aviowon:

Ap < (pm — pw) * g *D
‘Onou:

e C.: ouvteAeoTC avlPwong
e pw: €I0IKO Bapog Balaaaoivou vepou
e DPm: €10IKO BAPOC UAIKOU npoaTaaciag nubpéva

e D: naxoc oTpwonc npooTtaaciac nodog

AapBavovTag ouvTeAeoTr avuywong ioo pe 0,6 cUPPWVA PE TIC CUOTACEIG Tou PIANC
(2015) npokunTel €vac ouvTeEAEOTNG aopaleiac iooc pe 1,33>1,0, ouvEN®G 0 EAEYXOG
IkavonoigiTal. O1 avaAuTikoi unoAoyiopoi TNG napandave pebodoloyiag emouvanTovral

oTo NMapaprnua E Tou napovToc.
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5.4 AiaoTacioAoynon TnG wpdakiong ek ®uoikmv OykoAiBwv £unpocBev

TWV NAAK®OV OKUPODIENATOG

'Onw¢ avagePONKeE MNPONYOUHEVWS N ONOKANPWHEVN npooTacia nodog Tou
KpNMIOOTOIXOU, EMITUYXAVETAI KE TNV NPOCTACIA TOU NPiouaTog Twv AIBoppInwy, oTo
onoio €dpaderal o kpnrdoToIXOC, and npaveg ek duoikwv OykoAiBwv. Zuvenwd, €ival
avaykaio va unoAoyioToUv ol diaoTacel kal 1o Bapoc Twv &.0. nou 6Oa
xpnolpgonoinbouv  w¢ Owpdkion. H diadikacia nou akolouBeital yia TNV
dlacTaaioAoynon Twv ®.0. gival napopola e auTr NoU XpNoIKonoInénke yia TIG NAAKEG
npooTaciac nodog (€. Pilarczyk), HOVO NMou OTNV OUYKEKPIYEVN NEPINTWON OAoI Ol
OUVTEAEOTEC Kal Ol NAPAUETPOI MOU undapyouv oTnyv e&icwon AapBAavouv TIPEG WOTE va
avtanokpivovrtal otnv diataén Twv ®.0.. EidikoTEpa, napaTifevTal ol TINEG OAWV TwWV

ouvTeEAEOTWV yia TNV diacTadioAoynon Twv ®.0. aTtov Mivaka 5-2.

W, 0,035
(0] 0,93
kn 0,822
ks 0,472
ke 1,7

tan(a) 0,667

Mivakag 5-2: Tipég napapéTpwyv e&iocwong Pilarczyk 8mpaxiong @.0.

H Tyl ™G nuBpevikng TaxuTnTag €ival n idla Ye auT Nou XpnolhonoIndnke oTo
oXe0IaoPO TWV NAAKWV NPooTaciac. Bacel Twv avwTépw napadoxwv npoBAENETaAl N
xprion @.0. ovopaoTikAg diapéTpouc Dn=0,58m kai Bapouc W=506kg. H npooTaaia
Ba yiveral pe d1IaTa&n dUo oTPWOEWV OyKoAIBwY, evw akpIBwe EUnpoabev TnG NAAKAg
kaTta Tnv opifovTia dielBuvon NPOTEIVETAI N TONOBETNON TPIWV OYKOAIBWV BwpAkKIong.
H Bwpakion 6a TonoBeTnOei o€ OAO TO PNKOC TOU VEOU KpnmdwHAToS Kal oTa duo
METWNA, AANA Kal NEPIYETPIKA TwV nNpavwv Twv BaBpwv. TeAikd n diaBaduion nou Ba
XpnoidonoinBei oTnv NPOKeIYEVN NePINTwon €ival kupaiveral petay 400-600kg. To
unoAoyioTikd GUAAO yia Tnv 3IacTacioAdynon TnG BwpAkIonG €k PUGIKWY OYKOAIBwY

emouvanteral oto Mapaprnua E Tou napovToc.
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6 TEQTEXNIKOZ ZXEAIAZMOZ EPIoy

6.1 Eicaywyn
6.1.1 Avrikeluevo

>TIG Napaypdapouc nou akoAouBoUV NpayuaTonoIsEiTal 0 YEWTEXVIKOC OXEDIAONOC TNG
BepeNiong TWV VEWV AIMEVIKOV Epywv €EUNNPETNONG AMEUTIKWV AOINWV HIKPWV
oka@wv oTn 6¢on Wavr NaundakTou, woTe va duvavtal auta va QPEPOUV e aoPaAsid
Ta npoBAendpeva poOvViHa Kal KivnTa @opTia oxediaopou, MNANPOUMEVWV TV
anammoswy aoPAaielag kal AEIToupyikoTnTag Pacel Tou I10XUOVTOG KavovioTIKOU
nAaioiou. H endpkeia TnNG npoTelvopevnGg AUoNG BedeNiwong  TekUnpIwVeTal
UNOAOYIOTIKA HECW AVAAUTIKWV YEWTEXVIKWV EAEYXWV Kal aplBUNTIKWV avaAUCEWVY OTIG

onoieg nepIAapBavovrat:

> 'EAeyXol YEVIKNG €UOTABEIOC TOU £€PYoU UMNO OTATIKEC KAl OEIOMIKEG OUVONKEG

(POPTIONG OE KPIOIUEG DIATOMEG TOU £PYOU.

> 'EAgyxol anoTipunong Tou PeyEBoUG kal TNG XPOVIKNG EEAIENC Twv kaBICNOEWV TOCO
KaTda Tn @acn AeIroupyiag Tou €pyou 000 Kal KaTa TIG EVOIAPETEC KATAOKEUAOTIKEG

(PACEIC.

6.1.2 AiaBsoiua oroiyeia

> Anuoc Naunaktiag, Eknovnon Meletwv yia Tnv  Aigevikn  EykatdoTaon
E€unnpétnong Zkagwv oTtn 6on Wavy Naundaktou — «'EkBeon AEloAdynong
AnoTteAeopdTwv MewTeXVIKAG ‘Epeuvacy, Tpitwv ZUpBoulol Mnxavikoi, Maiog 2023

[1]

> A. Beckers, C. Beckb, A. Hubert-Ferrari, E. Tripsanas, C. Crouzet, D. Sakellariou,
G. Papatheodorou, M. De Batist, Influence of Bottom Currents on the Sedimentary
Process at the Western Tip of the Gulf of Corinth, Greece, (May 2016). [2]

6.1.3 Kavoviouol-oUoTdOEIC YEWTEXVIKWV LEAETWV — AigBviic BiBAloypapia

i.  OMOE “TeUxoc 10: Texvika Epya” (ApiBu. Anogpaong eykpiong AMEQO/y/o/66/17-
2-2003 Tou YunoupyoU MEXQAE).
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vi.

Vii.

viii.

Xi.

Xii.

Xiii.

Xiv.

XV.

XVi.

6.2

0.M.0O.E. “TeUxoc 11: FewAoyIkeg kal MewTeXVIKEG 'Epeuvec kal MeAéTec”, ToUAIOG
2003

EANVIKOG AvTioeiopikog Kavoviopog (EAK 2003) (®EK B781/16-6-03, ®EK
B1154/12-8-03).

leppavikoi kavoviopoi DIN 4019
leppavikoi kavoviopoi DIN 4084
leppavikoi kavoviopoi DIN 1072

A. T. AvayvwoTonoulog, B. M. Manadonoulog, «Enipavelakég OPeNIOOEIC,
1989

J. E. Bowles “Foundation Analysis & Design — 5th Edition”, 1996

D.T. Bergado, J.C. Chai, M.C. Alfaro & A.S. Balasubramaniam, “Improvement
Techniques of Soft Ground in Subsiding and Lowland Environment”, 1994

S.L. Cramer, “Geotechnical Earthquake Engineering”, 1996
R. M. Koerner “Design with Geosynthetics — Second Edition”, 1990
CEM (2008) “Coastal Engineering Manual”

CIRIA, CUR, CETMEF The Rock Manual. The use of rock in hydraulic engineering
(2nd edition). C683, CIRIA, London (2007)

PIANC (2001), Seismic Design Guidelines for Port Structures
J. Priebe, “The Design of Vibro-Replacement”, 1995

T.L Youd, I.M. Idriss, “Liquefaction Resistance of Soils: Summary report from
the 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction

Resistance of Soils”

FEWTEXVIKEG OUVONKEG — ZTPWHATOYPAPia UNOAOYIOHOU — MEWTEXVIKEG

napapeTpol

TNV NEPIOXN TOU £PYOU MPAyuaTonolindnke oTo nAqiolo ekndvnong Tng OpIOCTIKNAG

MeAETNG TWV VEWV AIMEVIKWV EPYWV, YEWTEXVIKN €PEUva N onoia nepiEAGUBave Tnv

EKTEAEDN OUO BaAAOOIWV JelyHaTOANNTIKWV YEWTPNOEWY, PE onuavon Orl kai 6rz,

ME BAdn diatpnong 10 kai 13m avrioToixa. O YEWTPNOEIG EKTEAETONKAV OE BETEIC

EVTOC TNG KATOWNG TOU MEAETWHEVOU VEOU NpoPANTa, N Hev Ol nAnaiov TnG yéveong
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Tou, n Og OI2 nepi To PEGO TOU NApAAANAOU NPOC TNV aKToypauun Bpaxiova autou,

oTIC B€0€Ig Onwc napoucialovTal opilovTioypa®ika otnv Eikdva 6-1 nou akoAoubsi.

MapaA\nAa e TIC YEWTPAOEIC EKTEAECONKAV Kal OOKIPEC Nediou (NPOTUNEC DOKIWES
dleiodbuonc SPT) yia Tnv E€MTOMOU €KTIUNON TNG aVvTOXNG TWV anavrnieviwv
OXNHUATIOPWV €V HETA TO NEPAG TWV €PYACIwV UNAiBpou npayuatonoindnkav kai
€PYAOTNPIAKEG DOKIYEG O enINeXBEVTA deiyyaTa, yia TNV EKTIKNON TWV QUOIKWV Kal

MNXaVIK@V XapakTnPIoTIKWV TWV OTPWOEWV TOU NUBPEVA.

AvaAuTIKA a€loAOYNoN TWV EUPNHATWV TNE WS AV YEWTEXVIKNG EPEUVAC napoucialeTal

oTo TeUxog, «EkBeon AEoAdynong AnoTeAeopdatwv lewTexvikng ‘Epeuvag, Maiog
2023, (BA. [1] § 6.1.2).

Eikova 6-1: O€ozsig OaAAo0INV YEWTPAOEWV Epeuvag Maiou 2023

ZUMQWVa JE TA €UPAKATA KAl AMOTEAEOHATA TNG WG AVW YEWTEXVIKNG EPEUVAC, O
(QUOIKOC NUBPEVag oTnv neploXn €vOIAPEPOVTOG anapTi(eTal WEXP!I Kal TO TEAIKO
gpeuvnBev Badog, and évav kUplo oxnuUaTiopo Tng ouyxpovng INUAToYEVEDNC TOU
nudpeva, olokaivikng nAikiac (ETpwon I), anoteloUpevo and XaunAng &v Yevel

avToxnc I0XVEC apyiloug kai apyihoilueg (CL, CL-ML). ZUupwva Pe Ta anoTeAéopaTa

TPITQN ZYMBOYAOI MHXANIKOI 47



AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

TWV EMNITONOU KAl €pyAcTNPIaKWV OOKIJWY, 0 €V AOYw OXNUATIONOG XapakTnpileTal
EMIPAVEIaKA w¢ NoAU JaAaKOC v o€ BABN and To Quaoiko NUBPEVA Nou unepPaivouv
Ta 5m, peTaBaivel o€ PAAAKO WG MEONG OUVEKTIKOTNTAG, ME TA MNXavika Tou

XapakTnPIoTIKG va gugavidouv oTadlakn BeATiwon pe To Baboc.

Tonikd, oTnv NANCIESTEPN NPo¢ TNV ENpd MewTpnon Or1, anavraral EvoTpwaon Nayoug
3m og BdBocg and 2 w¢ 5m and Tnv enipdaveia Tou QuaikoU nubuéva (Zrpwon II),
anoTteloUdevn and  XaunANG G  MEONG  MukvOTNTAC  AMUOXAGAIKG  ME
anooTPOYYUAEUEVOUG XAAIKEG aoBEOTONBIKNG NPOEAEUONG.

O1 YEWTEXVIKEG TOMEG TwV OUO YEWTPNOEWY Kal Ol YEWTEXVIKEC MAPANETPOI UNOAOYIGHOU
TwV OUO OTPWOEWVY, ONwG eENXONoav anod To oXeTIKO Teuxog AEI0AOYNoNG MEWTEXVIKNAG

'Epeuvac (Maiog 2023), napouaialovral oTnv €IKOVA NoU akoAOUBE.
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Ano yewTeXVIKNG anowng, n ZTpwon I xapakTnpideTal anod XapnAn avroxn kai Jeyain
OUMNIECTOTNTA. ZXETIKOI MOIOTIKOI EAEYXOI PEUCTOMNOINONG NOU NpaypaTonoinénkav oTo
TeUyoc AEloAdynong (Maiog 2023), kaTeTa&av auTn kal €I8IKWE Ta ENIPAVEIAKA THAKATA
TNG, OTa &v OUVAMEl peucTonoINoiPa €0a@n. AVAPEVETAI WG €K TOUTOU ONUAVTIKA
anwAgid TNG dIATUNTIKAG TNG avToXNG kata Tnv €kONAWON I0XUPOU OEICHIKOU
YEYOVOTOC, E oUVENAkOAouBa TNV ekdNAWGCN AoTOXIWV KAl TNV avanTu&n unepBoAikwv
kaBI{noswv O0To oWHa Tou €pyou. AaupBavovtac unown Ta napandvw, n Ztpwon I
KPIVETAl WG akaTaAANnAn yia Tnv an’ eubeiac BepeAinon en’ autng, TWV PEAETWHEVWY
ANPEVIKQV EPYWV, XWPIG nponynBeioa epappoyn KaTaAMnAwv PETPWVY BEATIWONG TNC.
Mpokelpévou Aoinov va eEacpaliobolv Ta véa €pya EvavTl eda@IKWV aoToxXIwV fn/kal
unepBoOAIKWV peTaTonioswyv/ KabI{Noswy, KPIVETAI OKOMIUN N MEPIKN avTIKATAoTAON
TWV ENIPAVEIAKWV OTPWHATWY TNG €V AOyw OTPwonG ala kai n BeAtinon Twv
UMOKEIPEVWV NAPAMEVOVTWV HEXPIC IkavoU BABoug npoc €niTeuén Twv emBOUPNTWV

emnedwv aoPaleiac.

H Ztpwon II d1a0eTel BeEATIWPEVA PNXAVIKA XAPAKTNPIOTIKA GUYKPITIKA HE TN ZTPWON
I, evo AOyw TnG Quong TG (aPpoxaAikwdng oxnuaTiopog) mbavotara va pnv
upioTaTal Kal o kivduvog ekBNAWONG PAIVOUEVWV PEUCTONOINONG EVTOC TOU OWHATOG
TNG. EvToUToIg, AOyw TOU MEPIOPICPEVOU NAXOUC aAAG Kal TNG TOMIKNG TNG EMPAvionc,
yla Adyoucg ouvTnpnTIkoU oxedlaoou dev AauBaveral unoywn KaTta Toug dIEVEPYNOEVTEC

YEWTEXVIKOUG EAEYXOUC, OTO YEWTEXVIKO MPOCOUOIMKA.

Eni Tn Bdoel Twv napandvw, UIOBETEITal yia TN OIEVEPYEIQ TWV OXETIKWV YEWTEXVIKWV

EAEYXWV N KATWOI anAonoinyévn oTpwpaToypagia unohoyiopou.
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+0,00m

¢ Méon oTadun 6ailacoag (M.X.0.)

0,00m

£ DuoIkOG NUBpEvag (Kupaivopevog ano -1.00 éwg -6.00m and M.2.0.)

if Zrpwon I (CL-ML), Ba6og 0.0 <z<5.0m

Ysat = 19 kN/m?3
¢’ = 2 kPa
@’ = 25°
cu = 12 kPa
Es = 1.2 MPa

cv = 2.5+x107 m?/sec

5,00m

Z1pwon I (CL-ML), BaBog z>5.0m

Ysat = 19 kN/m3

c’ =2 kPa

¢’ = 25°

cu = 12 + 3.0+(z-5) kPa
Es = 1.2 + 0.3+(z-5) MPa
cv = 2.5+107 m?/sec

Eikova 6-3: AnAonoinpévn oTpWHATOYPAPia UNoAoyioHOU

Ia Ta YewUuAIka kai Aoind dopikd uAika nou Ba dopoUv To owpa Tou €pyou, eEAnponaoav
unoyn oupgwva pe Tn digdvr) BiBAoypagia (BA. [xiii] § 6.1.3) aA\a kai pe Baon Tnv
NPOYEVECTEPN EUNEIPIA O AVTIOTOIXA £pyd, Ol NAPAPETPOI Nou napoucialovTal oTov

nivaka rnou akoAouBEi.
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YAiko Vet Y ¥ <

(kN/m3) | (kN/m?3) © (kPa)
NiBoppinég 21 19 43 0
AupoxaAiko eEuyiavong 21 19 36 0
duaikoi oykoAiBol 18 13 43 5

AonAo okupodepa® - 23.5 45 1000

OnAiopévo okupodepa” - 14 45 1000

*EmIAéXONKav enapkwG au€nuéveg NapdueTpol avroxng WOTE VA AnOTPENETAl, KATA TOUC OXETIKOUG EAEYXOUG
€UOTABEIAG, N OlEAEUON eNIPAvVeI®Y oAiGBnongG dia TWV CWHATWV AUTMV.

Mivakag 6-1: FEMTEXVIKEG NAPAPETPOI OXESIACHOU YEWUAIK®V Kl AOIN®V UAIK®V Nou

dopoUV TO CWHA TOU £pYoU

6.3 TMpoTaon OepeAioong

ria TNV QVvTIMETWNION TWV OUOHEVWV YEWTEXVIKWV OUVONKWV Kal TNV €niTeUEn Twv
EMBUPNTWV €NINEdWV AOPAAEIQC OTNV €DPACN TWV HEAETWHEVWV EPYWV, MPOEKUWYE
KaToniv SlEpeUvVNONG KE DIABOXIKEG NPOCEYYIOEIC HEOW YEWTEXVIKWV avaAloswy, AUon

N ornoia ouvonTIKWG NEPIANAMBAVEL:

> Ekokan og Babog TG Ta&NG Twv 4 w¢ 5m and Tnv eNPAaveia Tou GuaikoU Nubueva
yla TNV anopakpuvorn, UMOKEIiNeva TnG OedeNiwong Twv VEWV EPywv, TOU
MEYAAUTEPOU PEPOUG TWV ENIPAVEIAKWY MOAU HAAAKWV THNHATWV TNG ZTpwong I
Kal avTikataoTaor Toug and kataAlnha AiBoppinTa/adpopepr) UNKA kabwg Kal
OldoTpwon nAnciov Tou nuBuéva TG OIANOPPWVOUEVNC OKAPNG EKOKAPNG,
UPAVTWV YEWUPAOWATWV UWNANG OVOUAOTIKAG EPEAKUCTIKAG avToxns. Ta
yewupaopata 8a kaAlnTouv To oUVOAO Tou NAATOUG TNG oKAPNG EKOKAPNC, kad’

OAO TO PNKOG TWV NPOBAENOHEVWV VEWV EPYQV.

EIdIkOTEPA, KATA WAKOG TOU THAWATOC OUVEXOUG Kpnnidwong Tou Epyou
npoBAEneTal dIA0TPWON HOVAC OEIpAG YEWUPAOUATWY OVORAOTIKAG EPEAKUCTIKAG
avtoxnc, 800 kN/m. Ta yewupaopaTa diacTpwvovTal e TNV Kupia dielBuvor| Toug
KABeTN Npoc Tov diaunkn agova Tou £pyou, NANV OpWC NPOPAENETAI N TONOBETNON
oTa dUo PETWNA oTNV apXn Kal To NEPAc (aKPOUWAIO) Tou v AOY®W TUAUATOC, Hiag
eMNPOoBeTNG KA’ UYPOC OEIPAC YEWUPAOUATWY, TNG iI01aC EPEAKUTTIKNAG AVTOXNG,
HE TNV KUpIa 8IEUBUVAT) TOUC OPWC NAPAAANAN Npog Tov diapnkn agova Tou £pyou,
MPOKEIYEVOU aUTA va AEITOUPYAOOUV Yid TNV avdaoxeon OuvnTIKWV KUKAWV

oAioBnonc nou evepyonoloUvTail katd Tnv dielBuvon auTr). MeTa&u Twv dUo ogIpuV
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YEWUQAOUATwV Ba napedBAieTal €EuylavTikn OTPWON APPOXAAIKOU, MAXoug
30cm.

3TIC BE0EIC TWV MEMOVWHEVWY BABpwY, AOYW TNG NENEPACHEVNG TOUCG KATOWNG,
ivar moavr n eggavion KUKAwv agTtoxiag kai kata Tig duo dieubuvaoelc, (Tol TOoo
KaTa WNAKOG 600 Kal KABeTa npog Tov dlaunkn agova Tou £pyou), yia Tov Adyo
auTtov OIA0TPWVETAI UMOKEIPEVA TNG BePeNiONG TWV EPYWV OTIC BECEIC QUTEG,
OINAR OgIpd YEWUQPAOUATWV OVOMAOTIKAG avTtoxXng 600kN/m, peE TIG KUPIEG
OIEUBUVOEIC TOUG KABETEC WETAEU TOUC, ATOI N Mia eykapoia kal n aAAn napaiAnAa
npo¢ Tov diaunkn afova Tou £pyou. MeTa&U Twv OUO OEIpWV YEWUPATHATWY

napeUBAreTal EEUYIAVTIKN OTPWON aupoxaAikou, naxoug 30cm.

> BeATiwWON TwV UMOKEIYEVWV HAAGKWV WG METPIA OUVEKTIKQWV THNHATWV TNG
>TpwonG I, Ye TNV KATAOKEUR XAAIKONAoOAAWV WEOw TnG MeBOdou Babdiag
oovnTiknGg avtikataotacong (vibroreplacement). Ta akpifi  YEWHETPIKA
XapakTNPIOTIKA TwV XAAIKONAaocodAwv onwc diapoppwenkav yia Tnv Eacpaiion

TOU QVWTEPW OKOMOU, EXOUV WG EENC:
=  KavvaBoc xaAikonaooaAwv: TETPAywVviKoG, dIaoTACEwY 2X2m.

*  JUVOAIKO PRKOG XaAikonaoodAwv, 10.5m, Pe TO avwTEPO WICO PETPO AUTWV
EVKIBWTIOPEVO EVTOC TNG KATWTEPNG EEVYIAVTIKAG OTPWONG €€ AMUOXAAIKOU TOU

nudpéva.

> MpoPAeywn oTadlaknG KATAOKEUNG Tou épyou ot OUO (PACEIC, ME €VOIAMEDN
napagovn oTo XPoviko dIacTnua Nou anaiTeital yia Tnv avaAnyn Tou PeyaAUTepou
MEPOUG TwV KaBINoewv ala kal Tnv BeATiwon Tou €daPouc Bepelinong kaTa Tn

(pAon KATAoOKEUNG.
EidIkOTEpPQ:

= Karta Tnv A’ ®aon Karaokeung oAokANpwVovTal Ol Epyacieg PEXP! Kal TNV
TONOBETNON TOU oUVOAOU TwV T.0. OTIG TEAIKEG NPOBAENOUEVEC OTABUEG TOUC
EVW) NPAYHATOMNOIEITAI KAl ENIPOPTION TWV OTNAWY TwV T.0. hE TONoBETNON Wiag
npdoBeTnG oeipdg T.0. yia TNV NEPAITEPW MEIWON TWV PETAKATACKEUAOTIKWV
kaBi{noswv katd Tn ¢aon Asiroupyiag Tou €pyou. To €pyo Ba napapeivel oTn
(Aacn autn yia Xpovikd OIA0TNHa 2-HNV®V, PE TO NEPAG TOU Oroiou Kal
EKTINATAl, OUPPWVA ME OXETIKOUG YEWTEXVIKOUG unoAoyiopoUs  nou

napouaialovral oto MapaprTnpa ZT-1 Tou NapovTog, OTI Ba £XEl NPAKTIKWG
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0AOKANPWOEI N 0TEPEONOINGN TWV OTPWOEWY TOU NUBPEVA OTNV EVTOC {WVNG

XaAIkonaooaAwv nepioxn.

H B’ ®aon Kataokeung anoTteAei TNV OAOKARPWON TNG KATAOKEUNG TOu
€pyou, ATOI, TNV anopdkpuvon Twv T.0. €NIPOPTIONG, TNV KATACKEUN TWV

avwdOoN®V Kal TNV EyKATAGTAGN Tou AoInou AipevoloyikoU e€onAiopou.

> 'EAeyxo Twv kaBi{noswv kai napakoAoUbnan TnG cUUNEPIPOPAC TOU EPYOU KATA TN

(pA0N KATAOKEUNG HEOW TNG EYKATAOTAONG KATAANAWY opydvwv napatipnong.

H w¢ avw npoteivopevn AUon BepeNioonG neplypd®eTal avaluTikad oTo KeEPAAdIo

Texvikng Meprypapng Tou TeUxoug Texvikng ‘ExkBeonc Tng OpIoTIKAG MEAETNC  evw

napouoialetal kar oTa OXeTikG oxEOia opilovTioypa®iac kai SIaTOPWV Mou TN

ouvodeUouv. Me TNV WG avw NPOTEIVOUEVN AUOT ENITUYXAVOVTAl:

i)

ii)

‘EAeyxoC Twv KaBIi{noswv Kata Tn (PAcn KATAOKEUNC KAl MEPIOPIOHOC TWV

HAKPOXPOVIWV PETAKATAOKEUAOTIKWV KaBI{oswv os anodekTda yia Tn ¢uon Tou

£pYoU HEYEDN.

EAaxioTonoinon Tng mlavoTnTac ekONAWONG (PAIVOUEVWV PEUCTOMOINONG EVTOG

™G (VNG TWV XAAIKONAoOAAWV UNOKEIPEVA TNG BEPENiONC TWV £pYwV, AOYW,

a)
B)

Y)

0)

NG au&nuévng dioTUNoiag nou nNpoadidouv ol XaAlkondooaAol aTo £5agoc.

TNG NAEUPIKNC OTEPEOMOINONG OTNV onoia unoBAAeTal To idIo To €dagog, €k
TWV AOKOUHEVWY I0XUPWV NMAEUPIKWOV NIECEWV KATA T d1adIKaaoia KaTaoKeung

TWV XaAIKONaooaAwy,

TNG TAXEIAC KATAKOPUPNG OTEPEOMOINONG Tou £3APOUC, €K TNG NPOPRAEWNC

0TadIaKNAC KATAOKEUNC TOU £PYOU NAPOUCIa TwV XAAIKONAOOAAwWY Kal

TwV oUVONKWV Taxeiac opi{OvVTIaG aTPAyYYIoNG Nou npoadidouv aTnV 0aPIKN
pada Ta au€nuevng dianepaToTNTAC XAAIKWON UAIKA TwV KATAKOPUPWY OTNAWV
TwV XaAIkonaoodAwv, o1 onoiec kai napepnodifouv TNV avanTuén unepniEcEwV
OTO VEPO TWV €0APIKOV NOPWV aAMOTPENOVTAG £TOI TNV €kONAWGCN Tou

(PAIVOUEVOU.

IkavonoInTIK) €NAPKEId OF YEVIKI) €UOTABEId TOU £pyou TOOO KATA TN (Aon

KATAOKEUNC 000 Kal OTn (pAcon AsIToupyiac, kabweg Kal aVeKTEC NAPAUEVOUOEG

METATOMIOEIC, UNO OEIOUIKEC OUVONKEC POPTIONC, OTO OWHKA AUTOU, anoppold TNnG
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oNMAavTIKAG au&nong TnG dIaTUNTIKAG avToXNG Tou €0APOUG OTNV evToc {wvng

XaAIkonaooaAwv nepioxn.

6.4 AIGTOHEG EAEYXOU

EmAExOnkav yia Tn SIEVEPYEIO TWV YEWTEXVIKWV EAEYXWV, 01 dlaTopEG M-I kal A-A Tou
€PYOU MOU aQOPOUV aVTIOTOIXWG OF TUMIKEC OIATOMEC OUVEXOUG Kpnnidwong Kal
MeEHovwpévwv BaBpwv. O w¢ avw OIaTopEC anoTehoUv Kata nePINTwon TIG
OUOWEVEDTEPEC OTO €pyo and dnown WeyioTwv anavrnOeviwv Babwv PuaOIkou
nuBuéva. O1 dIaTopES EAEyXoU nNapoucialovTal OTIC EIKOVEC NoU akoAouBoUuv kabwg kal

oTn oeipd oxediwv A-03 TnG napoloag PHEAETNG.
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e -
" O

Eikova 6-4: O£0EIC TUNIKOV SIGTOH®V £PYOU
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Eikova 6-5: Aiatopn EAéyyxou A-A

Tk T=T

[ TP el i

Eikova 6-6: Aiatopr EAéyxou I'-I
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6.5 ®dopTia oxediacpou
6.5.1 Toia Bdpn

Ta gopTia and Ta idia Bapn Tou CWHATOG TOU €pyou, nou PetaBiBalovral oTo £dagog
BepeAinonc, anoTIMWVTAl KaTA TIG OXETIKEG avaAUoEIC eni Tn BAcel TnG eloaxBeioac oTo
NPOCOMOIWKA YEWHETPIAC TWV JIATOPWV EAEYXOU Kal TWV (PAIVOMEVWV BApwV TwV

UAIkwv nou To dopouv (Error! Reference source not found. § 6.2).

EISIKWG yIa TNV avTINPOOWNEUTIKN TwV MEHOVWUEVWY BaBpwv, AlaTtoun EAEyxou A-A,
€l0ayeTal yia 1o €101k BApOC TNG EyXUTNG avwdopnc, To dINAACIO TNG OVOUACTIKAG TOU
TG (ATo1 2«24.0 kN/m3® = 48kN/m?3), npokeiyévou va AngBolUv unoyn oTo
d10d01a0TaTo NPogopoiwpa, Ta Npdadeta Bapn nou petapiBalovral os kAbe Babpo ano

TO AMIOU TWV AVOIYHATWV TWV EKATEPWOEV AUTOU YEPUPWHATWY (UAKOUG 5m).

6.5.2 Kivnto @oprio

Eni Tou kataoTpwpaTog npoPAEnsTal Povov KukAogopia nelwv nAnv evog Hikpou
OXETIKA OXNUATOC TPoPodoaiac. AaUBAvETal GUVTNPNTIKWGS YIA TNV NPOCGOH0IWaN TWV

WC Avw PopTiwV, I000UVAUo EMIPAVEIAKO KATAVEUNHEVO (opTio: q = 5 kN/m?

Katd DIN 1072, To WG Gvw POpPTIO avTIOTOIXEI € KUKAOPOpia oxnHAaTwv Bapouc we 9
TOVWV €Mi TOU KATAOTPWHATOC TNG avwdopng (kAaon LKW 9) nou unepkaAUnTel TIC

anamoeig oxedliaopoU TNG HEAETWHEVNC AIEVIKNG EYKATAOTAGNC.

EISIKWG yIa TNV avTINPOOWNEUTIKN TwV MEHOVWUEVWY BaBpwv, AlaToun EAEyxou A-A,
€10AyeTal 0To AOYIOHIKO TO JINAGCIO TNG WC Avw avaypa@opevng TIMAG, NTol q = 10
kN/m?, npokeipévou va AngBoulv unown oo d1odIAoTATo NPOCOMOIWKA, Ta NPOTOETA
QopTia nou petapiBalovral oe kaBe BABpo and TO NMIOU TWV AVOIYMATWV TV

EKATEPWOEV AUTOU YEPUPWHATWY (GUVOAIKOU PRKOUG 5m).

Yno O€IOUIKEG GUVONKES POPTIONG ENAMNAICETal PE TIC OEIOUIKEC OPATEIC axedlaopou,

KaTd nepinTwon, To 50% Twv w¢ Avw avaypapeiowyv TIHWV.

6.5.3 @oprio Mpocdsanc

MpoBAENETal N TONOBETNON 5-TovwY de0TPWV dIATETAYHEVWV aVa ANOOTACEIC TWV 6m
KaTa pNKog Twv U0 PETWNWY TOU VEOU AIJEVIKOU €pYou.
To MEYIOTO AEITOUPYIKO PopTio KABe BE0TPAC AOYw TNG AOKOUMEVNG aveponieanc eni

TV €EUNNPETOUPEVWV OKAPWYV, EKTIUAONKE avaAuTikd oTnv § 4.4.2 ToUu NApOVTOC
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TEUXOUG, i00 npo¢ 2.5tons/deoTtpa (n 25 kN/déoTpa). To avrioToixo 1000UValo
YPAUKIKO (POPTIO OTO TPEXOV HETPO PNKOUG KpNMidwong, NPOKUNTEl i00 NPOC, Qb,ser &
5 kN/m. To w¢ avw @opTio Aaupaverar unoywn katd Touc EAEyxouc Kabilnocwv

(€AeyxoC AsITOUPYIKOTNTAC TOU £PYOU ).

To PeyIoTo 0pIlOVTIO YPAUMIKO PopTio Npdadeonc, ONwE NPoKUNTEI BACEI TNG EAKTIKAG
IkavoTnTag Twv 0eoTpwv (50 kN/dEoTpa), AapBdveral, ioo nNpoG, qva & 9 kN/m,
anoTeAei O QOPTION aATuxnuaTtikoU Xapaktnpd. To &v Aoyw @opTio AauBaveral
OUOHEVWG UNOWn, KAaTa TOUG EAEYXOUC YEVIKNG EUOTABEIQC TOU €pYoU. YNO OEIOUIKEG
OUVONKeg POPTIONG, ENAAANAICETAI HE TIC OEIOUIKEG OPATEIC OoXediaopou, To 50% Tng
w¢ avw avaypageioag TIPNG.

EISIKWG yIa TNV avTINPOOWNEUTIKN TwV MEHOVWUEVWY BaBpwv, AlaToun EAEyxou A-A,
loxUoUV Kal yia TnVv €AEn d€oTpac Ta avaypa@opeva aTnv nponyouuevn § 6.5.2, Atol
€l0ayovTal KaTd NEPINTWAON OTO YEWTEXVIKO NPOCOUOIWKA, Ol TIMEC, Qb,ser & 10 KN/m

Kal qb,a & 18 kN/m avTioToixwc.

6.5.4 Yopodouvauika poptia

Aappavovtal dUoeVWC ol opIlOVTIEC UOPODUVAMIKEG MIECEIC KaB’ UYWOC TOU NPOCHVENOU
KATAKOPUQPOU HETWMNOU TOU €PYOU, Yia NEPIodo enavapopac 75 eTwv, onwc avaiuTika
EKTIHWVTal otTnv § 4.4.1 Tnc napouoag kal napoucialovral oTov MNivaka Kal To

didypappa nou akoAoubouv.

ZTaéun
z 75yrs
(M.z.0.) (m) kN/m?
(m)
p2 2.20 0.00 3.2
p1 0.00 2.20 12.6
p1-3 -3,70 5,90 8.5

Mivakag 6-2: ACKOUHEVEG USPOSUVAHIKEG NIECEIG KAO' UYPOG TOU KATAKOPUPOU HETONOU TG
npoonVveRNG (£EWTEPIKNAG) NAPEIAG TOU £pyou

Ta ev Aoyw popTia AappavovTal unoyn Kata Touc EAEyyouc evikric EuoTaBeiag uno

STATIKEC POVOV SUVOIKeG. YNO SEICUIKEC SUVBIikes POPTIONG BewpeiTal OTI auTa dev

givar meavo va enalMnAioBouv PE TIC EVTOVWC KAl TAXEWG AVAKUKAILOPEVEG OEIOUIKEG

OpdAoeIC, WG €K TOUTOU ayvoouvTal. AOyw Tou OuvapikoU TOUC XapakTnpd, Oev

AappavovTal enionc unown ouUTe KaTa Toug EAEyyous Kabilrioewv (AsiToupyikoTnTac)

TOU £pYOU.
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Y hpofuvapike C MIECELS EMLTOU JLE TEMoU

TS yr= nepicdod enavadopat

3,00
2

2.0 ey

{00
& B0o 16
: il 1.0 2.0 6,0 D 100 110 14
% -1,04]
g

2,00

3,00

s
4,00

TipoSuvapnr mipony oz [kSme )

Alaypappa 6-1: ACGKOUHEVEG USPOBUVAHIKEG NIECEIG KaO' UYOG TOU KATAKOPUPOU HETDONOU

TNG NPOCAVEUNG (EEWTEPIKNAG) NAPEIAG TOU EpYOU

6.5.5 ZEIOUIKEC OPAOEIC OXEDIAOLIOU

ZUh@wva Pe Tov Néo Xaptn Zwvav Zeiodikng EnikivouvoTtnTac Tng EAadag (O.A.Z.1M.
— 2003, BA. Eikova 6-7, n nepioxn Tou €pyou KatataooeTal oTnv Zawvn II osIopIkng
eNIKIVOUVOTNTAG, ONou Kal opieTal TINA evepyoU OEIGHIKNG ENITaxuvong unoBabpou ion

npog, a = 0,24g, onou gn smitaxuvon TG Baputntag (BA. [1] § 6.1.2 kau [iii] § 6.1.3).
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Eikova 6-7: XapTng oeioHIKNG eEmkIviuvoTnTag EAAG3ag

To unowiv AIJEVIKO €pyo avTipeTwnileTal Baoel TG § 5.4.2 Tou E.A.K. 2000, nou agopa

ot avaxwpata Uyoug £€wc kal 15,00y., Twv onoiwv n opildvTia ouvioTwod TOU

O€IopIKOU kpadaouoU AapBaverai ion npog, anga = 0,5*(ax + ag), onou,

ag: n opifovTia enitayuvon otn Baon, ag = 0,50*a=0,50*0,24g = 0.12g

ag: N op1fOVTIa ENITAxuvon oTn kopugn, ax = 2,50*ag=2,50*0,12g = 0.30g

AVTIOTOIXd, N KATAKOPUPN CUVIOTWOA TOU GEIoHIKOU kpadaouou Aappaveral ion npog,

ayvq = +0,50«q.

AappavovTag unown Ta napandavw NPoKUNTOUV ol TIEG axedlaopoU yia Tnv opilovTia

Kal TNV KATakopu®pn OUVIOTWOd OEIOUIKNG EMITAXUVONG MOoU ackouvTal €ni Twv

d1aPopwV eniPépouc palwv Tou

MEAETWHEVOU AIEVIKOU, i0€C NPOC;:

> OpifovTia oeIopIkn enitaxuvan oxedlaopou: ang = 0,5%(0,30g + 0,12g) = 0.21g

> KaTtakopugn osiopikn enitaxuvon oxediacpou: ay,e = 0,5%0,21g = £0.105¢g

MapaMnAa pe TIc adpavelakeg duvapelg, AappavovTal unown Kal oI aoKOUMEVEC

UOPOJUVAMIKEC WONOEIC AOYW OEIoPoU kab' UWoG TWV KATAKOPUPWV HETWMNWV TOU

€pyou, ol onoieg kal unoAoyilovTal kata Westergaard, oUppwva pe Tnv oxeon 5.11

Tou E.A.K. 2000 nou akoAou®si:

pw(z) = £(7/8) a vy, VH-z

onou,
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a: BewpeiTal ouvTNPNTIKWG N opIfdvTIa OEIoHIKN emiTaxuvan unoBabpou (a = 0.249)
Yw: TO €10IKO Bapoc Tou Bakacaivou vepou (Yw = 10.06 kN/m?3)
H: To Upaho Uwocg Tou peTwnou (H = 3.50m)
Z: TO ekaoToTe BABoc eAéyyou and T M.Z.0.
Aedopévou OTI N ¢ avw udpoduvapikr) eopTion dUvaTal va dokeiTal Tautoxpova, oTa
OUO ekaTEPWOEV KATAKOPUPA TOU KPNMIOWHPATOC, WG UMEPMIESN KAl UMOMIEDN
avTioToixa, Aaupaveral unown wg TIUN oxedIaopou To JINAACIO TWV NPOKUNTOUCWV
ano Tnv Napandavw oxeon TINWV, ATOL.

Pw,d(Z) = 2«pw(2)

Ta anoteAéopaTta Twv USPOdUVAUIK®WY WONoewv AOYw OgiohoU napouaialovTtal oTov

nivaka kai 7o didypaypa nou akoAouBouv.

z Pw,d(z)
(m) (kPa)
0.0 0.00
0.5 5.59
1.0 7.90
1.5 9.68
2.0 11.17
2.5 12.49
3.0 13.68
3.5 14.78

Mivakag 6-3: ZuvioTapévn udpoduvapiKi Nieon Kad’' UYPoG TWV KATAKOPUP®V HETONMOV THG
NPOCHVEHUNG KAl UNMVEUNG NAPEIAG TOU £€pYOU
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Ydpoduvapikég méoeig Westergard

Mieon (kPa)
0 5 10 15 20

BaBog zano M.z.0. (m)

13,7

14,8

Aiaypappa 6-2: ZuvioTapévn udpoduvapiki nieon kad’ UYPoG TV KATAKOPUP®V HETONWV

TNG NPOCHVEHNG KAl UNAVEUNG NAPEIAG TOU £€pYoU, AOY® CEICHOU
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6.6 'EAtyXol YEVIKAG EUOTABEIOG
6.6.1 [evikd

MpaypaTonoinénkav avaAloelg oAIKAG euoTaBdeIac yia TIC dUo eniAexOeioeg AIGTOUEC
EAéyxou A-A kal T-I' Tou €pyou. EEETAoONKav NeEPINTWOEIG €nIPaveiwv OAioBnong

KUKAIKAG MOPPNG UMO OTATIKEG KAl OEIOUIKEG CUVONKESG POPTIONC.

O1 avaAloeIg YevIKNG €uoTABeIg npaypartononénkav Pe To €unopika O1aBEoIo
Aoyiopikd, LARIX-5S Tn¢ etaipeiac CUBUS. Mpokerral yia npoypaupa epapuolOPevo
EKTEVWG OE EAEYXOUG €UOTABEIAC Npavwy, PE Xpnon TnG HeEBodou Twv Awpidwv. H
€uoTaBela npoadiopileTal and Tnv dIaTUNWON TwV EEICWOEWV I00pPONIac Twv
OUVAMEWV €Ni TwV AwpPidwV, Ye Bewpnon TwV €dAPIKWY OTPWOEWV, TWV MIETEWV TOU
VEPOU, TWV EMIPOPTICEWV, TWV OTOIXEIWV EPEAKUCTIKAG 1 SIATUNTIKAG AVTOXNG, TUXOV
ayKUPIwV Kal TWV CEIOPIKWV PopTiKV GUPPWVA HE TIC avayVWPIOPEVES HEBODOUG TwV

Krey kai Janbu.

To UNIKO BewpeiTal OTI £xel 10AVIKA NAACTIKA GUMMEPIPOPA, CUPGWVA KE TNV onoia
ep@avidovral PNdEVIKEC NAPAPOPPWOEIC HEXPI Ol DIATHNTIKEG TAOEIG va (PTACOUV OTO
oplo Bpavong, evw népa Tou opiou auTtoU - und oTabepn OIATUNTIKA TAon - ol

Napapop@PWOoEIG Nopouv va AduBavouv 00odANOTE PEYAAN TIKA.

To npoypapua Larix-5S  unohoyilel Tov  OuvTeAEOTH) aopalsiag  Evavri
NPOKABOPIOPEVWV KNXaVIOPWV B6palong, KUKAIKAG 1 MOAUYWVIKAG HOPPNG. TNV
napovoa eEetalovral enPAvele oAiobnong KUKAIKNG HOPPNAG ONou O HNXaviopog
Bpalong nepIAapBavel NePIOTPOP OTEPEOU OWUATOG. XTNV MEPINTWON aAUTH Ol

avaAloelg yivovTal Je Tn JEBodo Krey.

Ia Tov UroAOYIOKO TOU GUVTEAEDTN aoPaAeiag ouykpivovTal ol avanTUCOOUEVEC OTNV
eM@aveia oAicbnong dIaTUNTIKEG TACEIG e TV dIATUNTIKA avToxn Tou £dagouc. Kat’
ENEKTAON O OUVTEAEOTNG aopaleiac évavtl oAiobnong opileTal wg n oxéon avapeoa
OTIC avTIOTACEIC Kal dpaaelg dnAadr avapeoa o dUVALEIC MOU TEIVOUV Va NPOKAAEGOUV

oAioBnon kai TIg UVAKEIC NOU avTIOTEKOVTAI O€ QUTH.
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6.6.2 [EWTEYVIKO MpoooLoiwua

H oTpwuatoypagia unoAoyiopoU kai Ol NApAueTpol TV (QUOIKWV Kal TEXVNTWV
OTPWOEWV TOU MUBPEVA, NMOU UMEIOEPXOVTAl OTOUC EAEYXOUG, EXOUV €V YEVEI OMWG

napouaialovrtal oTnv § 6.2 Tou NApOVTOC KEPAAIOU.

ra Toug oXNMaTIopoUG Tou (puoikoU nuBuéva, AappavovTal unoyn ol acTpayyIoTeC
napapeTpol diaTunTIKNG avTtoxng (cuy, ®u = 0), 01 onoieg 0€ Kavovika Kal EAa@Pws
npooTepeonoinueEva €0agn, €ival katd kavova OUCHEVECTEPEG TWV AVTIOTOIXWV
oTpayyilopevwv (@', ¢). Aoyw TnG KN oTabepnc KaTavoung TnG aocTpdyyioTng
dlIaTUNTIKNG avToXNG WE To PAbog, o €daPIKOG NUIXWPOC UMOKEIKNEVA TOU (PUOIKOU
nubpéva, Xwpiletal o€ eENAANAEG OTPWOEIC NAXOUG 5m £kaoTn kal AapBavovTal unown
Ol aVTINPOOWNEUTIKEG TIMEC aoTPAYYIOTNG SIATHUNTIKAG AVTOXAG OTO HECO KABE piag ano
AuTEG.

EvTog Tne dwvng Twv xaAikonaoodAwv Aappavovtal unoyn ol BEATIWUEVEC NAPAUETPOI

avToxnc nou napoucialovral oTov nivaka nou akoAouBei kal unoloyifovTtal avaAuTika

oTo Mapaprnua ZT-2 Tou NapdvTog TEUXOUG.

BeATIOMEVEG NAPAHMETPOI AVTOXAG
AlaTopn BaBog ano " » "
EAyxou ke@aAn X/ Y Cu Pu
(kN/m?3) (kPa) (°)
0—-5m 19.3 14.8 21.3
5—-10m 19.3 27.5 18.0
0—-5m 19.3 13.5 22.3
5-10m 19.3 26.1 17.5

Mivakag 6-4: BEATIOHEVEG NAPAHPETPOI AVTOXNG E3APOUG EVTOG {OVNG XAAIKONACCAAWV

Yno OEIOPIKEG OUVONKEG POPTIONG AapBAaveTal unown, yid Toug ENIPAveiakous — &v
OUVAMEI PEUCTOMOINOIYOUC — €KTOG (WwvnG XAAIKonacodAwv — OXNMATIONOUG Tou
nuBpéva, YEIWPEVN Napapévouoa aoTpayylioTn diIaTUNTIKN avToxn nou dideTal anod Tnv
kaTavopn, cu = 0.9xz (kPa), 6rou z To BaBoc anod Tnv ENIPAVEI TOU NUBKEVA. ZXETIKN
TEKUNPIWON TNG WG Avw UI0BeTNBeioac napapévouoacg avtoxng, NepIAaPBAveTal oTo
MapapTnpa ZT-3 Tn¢ napoloac. H w¢ avw anopeiwaon, Bewpeital kata TiI avaAUoeg
€UOTABeIaC, OTI AauBavel xwpa HéExpl To Baog Twv 10m and Tnv em@aveia Tou
nubpéva oUTWG WOTE va anokAEIoToUvV NOoAU Babeic pun pealioTikoi KUKAOI aoToxiag

KaTA TIG OXETIKEC APIOUNTIKEC AVAAUOEIC.
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Ta UAIKG ek okupodEpaTog (avwdopn, T.0.) npoooyolalovTal Je eNITNOEUPEVA HEYAAN
evepyo ywvia TpIBAG kal auvoxn (¢'=45° & c'=1000kPa) oUTw¢ waoTe va eEaopalioTei

OTI 0 KPIoIJOG KUKAOG aaToxiac dev Ba dIEpXETAl EVTOC AQUTWV.

6.6.3 [lapdueTpol yewupaoudtwy

Ta yewupdaopata €iodyovTal oTo NPOYPApHa WG OTOIXEId EQPEAKUCTIKNAG AvToXNG Ta
onoia d&xovTal w¢ 0edOUEVA TNV AvToXn OXedIAOHOU ToU YEWUPAOHATOC Kmax (Mou
looUTal PE TNV OVOMAOTIKN €QEAKUCTIKNA avtoxny Tou OINpnuevn He KaTtaAAnAo
ouvTeAeoT aoPaleiac) kal Tov ouvTeAeoTn ouvagelac H péow Tou onoiou kabopileTal
ané To NPOYPAPHa TO €AAXIOTO anaITOUMEVO WNAKOG aykupwong yid TO OMoio

avanTuoosTal NARPWE N avroxn oxediaopoU Tou.

QG ouvnABNG TIYN YIa TOV GUVTEAEDTH) A0PAAEiag eni TNG OVOUAOTIKAG QVTOXNG UPAvTwV
YEQUPAOUATWV EYKIBWTIOMEVWY EVTOC AUPWOWV UAIKWV, AauBaveral, pge Baon 1000
TIG TEXVIKEG NPOdIAYPAPEC DIABETIUWY OTO EUNOPIO UPAVTWY YEWUPACHATWY AAAd Kal
v d1ebvr) BiBAoypagia (BA. [xi] § 6.1.3), n Tiun 2.00. ZTOV GUVTEAEDTH QUTOV
nepiAapBavovTal gpaivopeva pnuopou, d1IaBpwong, ¢OBopAg KaTd TNV KATAoKeUn Kal

AeIToupyia K.A.m.

O1 w¢ avw napapeTpol napouaialovral oTov nivaka nou akoAouBei kal unoAoyilovTal
avaAuTika Bdacel TG 101AiTEPNG YEWMETPIAC €KAOTOTE OIATOMNAG €AEyXOU OTO

MapapTnpa ZT-4 nou ouvodeUel To Napov TEUXOG.

OVOpaGCTIKI avToxr Kmax H
AiaTopn eAéyxou YEWUQAaoparog (kN/m) (kN/m?)
(kN/m)
rr 800 400 25.4
A-A 600 300 24.7

Mivakag 6-5: NapapeTpol oXeSIAOHOU TOU YEWUQPACHATOG MOV EICAYOVTAl OTO NPOYpAuHa
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6.6.4 Juvrelsorec aopalsiac

KaTtda DIN 4084, emBaAAeTal yia TNV eucTABEld Npavwy, OUVTEAEOTNC aopaAeiac FS =
1.40 und oTATIKEG OUVONRKEG, NOU AVTIOTOIXEI OTNV NePInTwon ¢opTiong 1 (uoviya
POopPTIa Kal KIvNTa @opTia AOyw TNG WETAKIVNONG TWV Yalwv Kal Twv UdPOOTATIKWV
QopTioewv). O i0l0¢ OuvTEAEOTNG UloBeTEITal kal oToug KavoviopoUg Twv

OUYKOIVWVIAKWV £pYWV TG Xxwpac (n.x. KME, OZMEO kAn.).
ZUhQwva Pe Tov EAK 2000, yia TNV NEPINTWON €UOTABEIAC NPAVWY Kal OXedIAGHOU
OUOTNUATWV avTIOTAPIENG UNO CEIOMIKA PopTia, BewpeiTal anodekTn n eEao@alion

ouvTeAeoTn aopaleiag ioou ToulaxioTov e 1.00.

. EuoTdOsia npavaev -
nspm'noon AnaITOUHEVOI ZUVTEAECTEG
A Ao@aleiag
YNo ZTaTikég 1.4

SUVONKEC '
YNO OSIOUIKES 1.0
OUVONKEC '

Mivakag 6-6: EAGXIOTOI ENITPENOHUEVOI OUVTEAEOTEG aopaleiag DIN 4084
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6.6.5 AnoreAgouara EAyywv

Mapouaialovral oTov Nivaka Nou akoAOUBEi, Ta anoTEAEONATA TwV EAEYXWV YEVIKAG
€UOTABEIaC, yia TIC dUO enINexOeioeg Npog EAeyXo Kpiolpeg diaTopec A-A kai I-I Tou
€pyou, unod Tnv uloBeTnBeioa — oTo napdv TeUXoG — NpoTaon Bepeliwong (BA. § 6.3).
Ta avaAuTika dedopEva Kal anoTEAETATA ToU NpoypappaTog Larix 5s nepihappavovral

oto NMapaprnua ZT-5 Tou NnapovToc,.

ZuvTeAEOTEG acPpaleiag
AlaTopn ZEICHIKA
eAéyxou ZTATIKG .
Ba®uUg KUKAOG P“XOS
(npavoug)
r-r 191 %~1.00 =1.00
' (aer = 0,129) (0er = 0,13g)
=1.00
A-A 2.97 -
(acr = 0,139)

Mivakag 6-7: AnoTeAEopaTa avaAUCEMV YEVIKIG EUCTAOEIAG
SUMQWVA PE Ta anoTeAEOPATA TwV avaAUOEWV YEVIKNAG €UOTABEIQC NPokUMTOUV Td
€ene:

a. Yno Zramkec Zuvlrkec @OPTIONG, MNPOKUMTOUV IKAVOMOINTIKOI  OUVTEAEDTEC

ao@aleiac &vavTi yevikng aotoxiag (SFst > SFmin = 1.40), OUVENKC N NPOTEIVOUEVN
ME TNV napouoa AUon BepeNiwong KpiveTal enapkng yia TNV acpaln £dpacn Twv
HEAETWHEVWV EpYwV. EIDIKWC yia Tn AlaTopn -, onueiwveTal 0Tl 0 KPioIHog KUKAOG
aoToxiag diEpxeTal SIQPETOU HOVOV TWV UAIKWV Tou npiodaTtog édpaong, (unod Tov
ouvTeAeoT aogaleiag nou napouaialetTal oTov napandvw nivaka, SFsr = 1.91),
evw Oev NpokUNTEl anod TIC avaAuoelg, BaBUTeEPOC KUKAOG 0 onoiog va dIaTEUVEl TO
YEWUPAoUa Kal TO UMOKEIUEVO BEATIWMHEVO dla TNG HEBODOU TWV XAAKONAoOAAwV
€0a@oc, yeyovoG TO oroio kal unodnAwvel OTI ENIPAVEIEC TOU TUMOU auTou
dla0ETOUV ONUAVTIKA Mo AUENMEVOUC OUVTEAEOTEC ao@aleiac. ZTn Aiatoun A-A
avTIBETWE, AOYyw TOU NEPIOPICHEVOU NAXOUC Tou NpiopaTog €dpacng (1m) oTn B€on
auTn, 0 Kpioldog KUKAOG oAioBnang diaTeépvel To YEWUPAoWa Kal JIEPXETAI KAl EVTOG
TOU UMOKEIPEVOU BEATIWUEVOU £DAPOUC, UNO TOV OUVTEAECTH aopaAsiag, SF =

2.97, 6nw¢ napoucialeTal gTov nNapanave nivaka.

B. Yno Zeioukec SuvOrikec @OPTIONG, EMITUYXAVOVTAl AMNOJEKTOI  OUVTEAEOTEC

aoQaA€iac yia OEIOPIKEG EMITAXUVOEIG MIKPOTEPEG TNG OEICHIKAG EMITAXUVONG

oxedlaopou nou opileTal oTnVv § 6.5.5 Tou NApOVTOG TEUXOUG, OUVEN®MG AVAUEVETAI
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N avanTu&n Napapevouowv PETATOMICEWY €Ni TOU CWHPATOC TWV EPYWV, Ol OMOIEC

anoTIPWVTAl Yia KABe dlaTour eAEyXou EExwPIOTA OoTnV § 6.6.6 NOU akoAOUBEI.

Juykekpipeva, otn Alatoun EAEyxou M-I guvexoUc kpnnidwaong, npokunTouv unod

OEIOMIKEG OUVONKEG, dUO Kpiolhol KUKAOI aoToxiac:

* O npwToG, O 0MoioG eupaviel Kpiolun OeEIoMIKA emiTaxuvon, des = 0.12g,
anoTeAei Babu KUKAO nou ekKIVEl and Tnv unnveun napeid Tou T.0. Baong,
OlIaTEPVEI TO YEWUPAOHA KAl EI0EPXETAI O GNUAvVTIKO BAbog kal evrtog Tou
UMOKEIJEVOU BEATIWHEVOU £DAPOUC, KATAANYEl O€ APKETA HETPA EUNPOCHOEV TOU
MPOCTVEUOU OpioUu TNG OKAPNG EKOKAPNG. Ma Tov KUKAO aQUTOV NPOEKUWE
oUNPWVA e Ta anoTeAéopaTa TNG § 6.6.6 napapévouoa PWeTaTonion TnG Tagng

Tov, 13 cm.

= O JeUTEPOC, O OMoioG ePPAavilel KpioIUn OSIOUIKN €mITaxuvon, do = 0.13g,
anoTeAel em@aveiakd «pnxo» KUKAO, O Oroiog eKkKIVEI and Tn OTEWn Tng
NPoCnVeUNS Bwpakiong, diEpxeTal dlagéoou Twv AIBopPINWY ToU MPIoHATOC
€dpaong nAnoiov TNG em@aveiag Tou npavouc TNG Kal kaTaAnyel oTov noda
autnc. MNa pnxo Tov auTov KUKAO, EKTIUAONKE Napapevouoa PETATONION AOYW

oclopoU, TG TagNS Twv 10cm.

>Tn AiaToun EAéyxou A-A, npokUNTEl, ONWC avapepbnke kal napanavw, Padug
MOVOV Kpiolog KUKAOG oAioBnong, e Kpiolun OgIopIKn eniTaxuvon, a« = 0.13g, kal
QVAMEVOWEVEC NAPAPEVOUTEC LETATONIOEIG AOYW O€IOHOU, TNG TAENC Twv, 10cm.

O w¢ avw eKTIUNOEIOEC NAPAYEVOUCEC METATONIOEIC MNOU AVAMEVETAl va
ekONAwBOUV OTO OWHA TOU EPYOU OE NEPINTWON CEIOUOU, KPivovTal AnodeKTEC Kal

epoOoov anaitnBei eukOAWG avaTa&ipec yia Tov ev AOyw €UKAUNTO TUMO AIPEVIKOU

£PYOU ONWG TO MPOKEIEVO.

6.6.6 Yrodoyiouoc napauevouowV LETATOMIOEWY AOyw TEIoLoU

Ol NApAPEVOUTEC PETATONIOEIG AOYW OEIoPoU anoTeAoUV ouvapTnon Tou AGyou Tng
Kpiolung eniraxuvong (yia Tnv onoia NPokUNTEl CUVTEAEDTNG A0PaAEiag icog Npog TNV
povada, Nivakag 6-7), npog TNV opIfOVTIa eNITayuvon oXeOIA0HOU, Acr/ @nd, EKTIHWVTAI
O€ pe Tn BonBeia TNG oxEoNG Nou akoAouBsi, n onoia kal NpoTabnke and Toug Franklin
& Chang (1977), €ni Tn BACEl GUYKPIOEWV ANOTEAEOUATWV aPIOUNTIKWY aVAAUOEWV

NouU NPAyUaTonoinoav ni NPAYUATIKWV OEIOHIKWY OIEYEPOEWV.
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( vr%lax amax 4 ]
0.087 - ( ) Richards Elms(1979)

aCT

d, = min “";a; .
0.50 - "‘“"-( "‘“") Newmark(1965)

amax aCT‘

onou,
dr: n napapévouoa PETAToNion AOyw OEIoHOU

amax, Vmax: N HEYIOTN ENITAxUvon, P.G.A., kai Taxutnta P.G.A., avTioTOIXa TOU OEICHIKOU

kpadaopou.

acr: N KPIOIUN €NITAxuvon yia Tnv onoia NpokUNTEl OpIaKOG CUVTEAEOTNC aoPaAeiag

€vVavTl aoToyiag o€ , ioog Npog Tnv Hovada.

H péyiomn opilOVTIOC OEIOHIKN €NITAXUVON NPOKUNTEl BACEI TWV OIEBVWV KAVOVIOU®Y
kal ouoTaoewv ( NCEER 2003) pe diaipeon TnG dpwaoac eniraxuvong oxediacyou (BA.
§ 6.5.5) pe Tov ouvTteheaTn| 0.8, dnAadr|, amax=ana*g/0.8= 0.21/0.8=0.263g.

H péyiotn TaxUTtnTa unoloyileTal and Tnv akoAoubn oxEon nou TNV CUVOEE! HE TNV
MEYIOTN ENITAXUVOT Amax Kal TNV deanolouoa nepiodo T TnG ociopIkng kivhong (Fajfar
et al. 1990):

a T

~ max

vmax
4.3

Uppwva pe Tov E.A.K. (2000), npoteiveTal yia Tn deandlouca nePiodo Tou OEICHIKOU

kpadaopou, o daen Katnyopiag I', eUpog Tipwv peTa&u 0.20 + 0.80sec.

Aappavovtag ouvtnenTikwg, T = 0.70sec, MNpokUNTEl WPE aAVTIKATAOTACN OTNV
napanavw oxeon, TIWA opifovTiag TaxUTNTAg Tou UAIKOU onpueiou Aoyw ogiopou, ion

npog,
Vmax = 0.263g+0.70sec/4.3 =~ 0.42m/sec.
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>Tov nivaka nou akoAouBsi napoucialovral ol TIMEC MEYIOTNG EMITAXUVONG Kal
TaxUTNTAg TNG OEIOMIKNG dIEyEponG oxedlaopoU Kabwc Kal Ol avTioTOIXEG NAPAUEVOUTEG
METATONIOEIC dmax NMOU avapéveTal va avanTtuxBoUv €ni TOU OWUATOG TOU €PYOU O€

KGBe dlaToun, KaTta Tnv €kONAWON OEICUIKOU YEYOVOTOC avTiOTOIXOU TOU OEIoHOU

oxedlaopou.
AlaTopn gAéyxou Ko K)‘?q (max et Vimax Cmex
aoroxiac | (g) (9) (m/sec) (m)
or Bablg 0,263 0.12 0.42 0.13
Pnxoc 0,263 0.13 0.42 0.10
A-A Bablc 0,263 0.13 0.42 0.10

Mivakag 6-8: ANOTEAECHATA AVAHEVOHEVMV NAPAPUEVOUCKOV HETATONICEWV OTO COHA TOU

£pyou AOY® OEICHOU
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6.7 ‘EAeyxog ka0i{nosmv
6.7.1 [evikd

>TIG napaypagouc nou akoAoubouv napoucialovTal aplBUNTIKEG avaAUoEIC anoTiUnong
TOU HeYEBOUG Twv kabinoewv yia TIG dUo diaTopEC eAéyxou A-A kal I-I'. O1 avaAuoelg

NPAYUATOMNOIOUVTAl HE TO EEEIDIKEUMEVO YIa TOV OKOMO auTov Aoyiopikd, Plaxis 7.2.

To Plaxis 7.2, npokeiTal yia ePnopika dIaBEaipo KWOIKA NENEPACHEVWV OTOIXEIWV Yia
YEWTEXVIKEG KATAOKEUEG ME €UPU (PACHA €PApPUOYWV. XpnolhonolgiTal yia Tnv
avaAuTIK] NPOCOMOIWON Twv OTadiwv KATAOKEUNG €VOC EPYOU ME TAUTOXPOVO

unoAoyiodo Twv kaBilioewv o€ kABe é&va anod auTd.

H xprion Tou kwdika yIve Je TNV napadoxn ouvenkwv eninedng napapopewaong (plane
strain analysis), evw yia TNV NPOCOM0IwaN TwV dAPIKWYV OTPWOEWV XPNCILonoInenkav

EMPAveIaka 15-kouPIKa NeENEpAcPEVa OTOIXEIa.

To AoyiopikO AauBavel undwn Tou TNV KN YPAMMIKA CUMNEPIPOPA TWV £DAPIKWY
UANIKQV, HE XpAoN MOIKIAWV [N YPAMMIKWV KATAOTATIKWY HOVTEAWV. TNV napouaoda
MEAETN, UIOBETNONKAV KATA MEPINTWON, TA KATAOTATIKA HovTéAa Mohr-Coulomb kal
Hardening Soil, To TeAeuTaio TO onoio Mpooeyyilel Pe IKAvoMoINTIKN akpiBela Tn
OUMNEPIPOPA MPOPOPTIOHEVWY €aPWV KABWC Kal TIC OUVONKEC ano@opTiong Kal

€Nava@opTiong Tou £6AQOUG.

AvaAuTIkG, TO KpITApIo acTtoxiag Mohr-Coulomb AapBavel unown Tou €AACTIKN O€
NPWTO OTADIO KAl OTN CUVEXEIQ TEAEID NAACTIKN CUMNEPIPOPa Tou eda@ikoU UAIKoU. H
€NACTIKI) GUMNEPIPOPA ToU €dAPOUC kabopileTal anod To PETPO EAACTIKOTNTAG KAl TO
METPO HOVOdIA0TATNG CUMMNIEONC TOU, £Kal Eseq QVTIOTOIXA, EVW N AVTOXN TOU, Ao TNV

ywvia eowTepIkNG TPIBNG kai Tnv auvoxn (@) c).

To Hardening Soil Model, npoOkeiTal yid Mo MPONYMEVO KATAOTATIKO MOVTEAO
NPOCOMOIWANG TNG CUMMEPIPOPAG Tou €6APOUG. ‘OnwG Kal OTNV NEPINTWOoN Tou
HOVTENOU Mohr-Coulomb To KpIThplo dIATUNTIKAG aoToXiac Tou €dapikoU UAIKOU
kaBopileTal and Tnv ouvoxn ¢’ Kkal Tn ywvia €0wTEPIKNG TPIBAC @’ Tou €dAPOUC.
Q0T000, N CUMNIETOTNTA TOU €£DAPOUC NEPIYPAPETAl HE AKPIBECTEPO TPOMO, HECW
XPNONG TPIWV NAPAMETPWVY AKANWIAC, TO TPIAEOVIKO HETPO EAAOTIKOTNTAG Eso, TO HETPO
MOVOJIAOTATNG CUMNIETNC Foer KAl TO TPIAEOVIKO HETPO AMOPOPTIONG - ENAVAPOPTIONG
E.. Me Ta npwTa dU0 kabopileTal KUPIWG N cupnepIpopa Tou €5APOUG UMNO CUVONKEC

KAVvOVIKNG pOPTIONG VW PECW TOU TPITOU, MPOCOUOIAlovTal oI CUVONKEC anopopTIong
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Kal enava@opTiong autou. EninpoaBeTa, OAeg ol napanavw nNapapeTpol akapyiag ivai
aueoa €EapTNUEVEG Ano TO €KAOTOTE I0XUOV EVTATIKO Nedio EVTOC TOU €dAPOUC, Mou
onuaivel ot petaBalovtal (au€avovral) eite Je To BABOC €iTe PE TNV AUEnon Twv
EVEPYWV TACEWV AOYW TNG €NIBOANG eEwTepikwv PopTiwv. H axéon autn €€dpTnong
kaBopileTal and TIG NAPAPETPOUC Prr KAl /7, MOU aAPpopoUV avTioTolXd, OTnV TAon
avaeopac Twv €l0axdelcwv oTo NPOYPAUKa TINWVY aKAUWiac kal oTov TPOno HETABOANG

aQUTWV CUVAPTNOEI TNG HETABOANG TOU vTaTIKOU Nediou.

Ta ueavTa yewu@daopaTta nou npoPAéneTal va dlaoTpwBolv aTnv €dpacn TwV VEWV
EPYWV MNPOCOMOIWONKAV OTO MPOYPAUHA MECW YPAMMIKWY OTOIXEIWV EPEAKUCTIKNG
avtoxnc, TUnou «geotextile». MpPOKeITal yia NEVTAKOUPBIKA NeEnEpAcpEVA OTOIXEIQ, N
aKapyia Twv onoiwv €vepyoroleiTal JOVOV O NEPINTWON AvANTUENG EPEAKUCTIKWV
duvapewv o€ autda. And Tnv oUVOEDN TWV E0WTEPIKWY KOPBWV TOUG PE TOV UNOAoINo
popEa gival duvaTtn n avanTugén dIaTUNTIKWV TAOEWV KaTd PAKOG TNG SIENIPAVEIAC TOUG
ME TO nepIBAMov €dagog, onodTe Pe Tov TPOMO auTdv AduBaverar unoywn n
aMnAenidpaon PeTa&l Twv dU0 UANIKWV (£DAPOUC Kal YEWUPAOHATOG). Ta &v AOYw
oToIxeia AapBavouv w¢ dedopEva TNV ava TPEXOV WETPO akaPwia Tou UAIKOU Kal
NAPEXOUV WG anoTEAEOHA, dlaypaupaTa EPeAKUCTIKWY OUVAHEWY NOU avanTuooovTal
Katd MNKoG autwv. O ouvlnkec nou enikpatoUv oTtnv dlenipaveld HeTagu
YEWUPAOUATOG Kal €dAPOUC, NPOCOMOIWVOVTAl HE NPOOONKN KATAAMNAwV OToIXEIwV
dlenmpavelac Kata PAKOG Tou NPwTou. Ta v AOyw oTolxeia AapBavouv TIC ENIBUPNTEG
TIMEG TPIBNG KAl CUVAPEIAC HEOW TOU OUVTEAEDTN Rint, 0 0M0IOG EXETAI TIMEC PMETAEU O
Kal 1 Kal anopeInVEl avTIoTOIXWE TIG AVTOXEC TWV €0AMIKWV UAIKWV MOU EPXOVTAl OF

ENAQN TO YEWUPAONAd, CULPWVA E TNV OXEDN,

Rint = tan @aien/tan @ = Caien/C
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6.7.2 Edapiko npooouoiwua — [Tapadoyec

>T0 NpOypaupa €I0nXONoav v YEVEl Ol YEWTEXVIKEC NAPAKETPOI Nou napouaialovTal
oTnv § 6.2 Tou NapdvTog TEUXOUG. EvToc Tng {wvng Twv XaAikonaoodAwv gionxonoav
Ol BEATIWHEVEG NAPAMPETPOI AVTOXNGC KAl CUPMIECTOTNTAG TNG ZTpWwong I ol onoieg
EKTIHWVTAI avaAuTika oto Mapdprnua ZT-2. H anlonoinuévn oTpwpaToypagia
unoAoyiopoU Tng idlag napaypagou npocapuoleTal oTiG SIATOPEG EAEyXOU TNG § 6.4
uno Tn Bewpnon NapaAnAng dIATAENG TWV OpPIWV TWV CTPWOEWV NPOC TNV ENIPAVEID
TOU QuOIkoU nuBpéva. Oewpeital OTI oTNV avanTuén kaBIlNOEWV CUHPHETEXOUV Ol
OoXNMATIOPOi TOU PUOIKOU NUBPEVA PEXP! TO BABOC Twv 0. Nepinou anod TNV eNIPAVEId
auTtou. H w¢ avw napadoxn BacifeTal 0Ta CUUMNEPACHATA YEWAOYIKWV/YEWPUOIKWV
MEAETWV MOU eknovnenkav yia Tnv eupuTtepn Balacaoia {wvn NANciov TNG NEPIOXNG ToU
HEAeTwHEVOU €pyou (BA. [2] § 6.1.2), anod 6nou kai npokUnTel OTI Nepi To Babog auTto
aQVapéveTal N anavrnon VYEWAOYIKA NAAAIOTEPWY, MPAKTIKWG ACUMMIECTWV

oXNHAaTIoPWV (OXNUATIONOI NAEIOTOKAIVOU).

O1 avapevopeveg kabICNOEIC EKTINWVTAI TOOO YIa TNV eVOIAPEON KATACOKEUAOTIKN (ACN
(A’ @don Karaokeuric, PA. § 6.3), (n onoia kal NEPINAPPBAVEI TNV KATACKEUN TOU €pyoU
WG Kal TNV TonoBeTnon kai enipopTion Twv T.0. KAl napapovn oTn ¢pAacn autn Xwpig
NEPAITEPW NPO0d0 TWV €PYACIWV YIA XPOVIKO OIA0TNHA 2 PNVewv oUTwG WOTE va
oAokANpwOei n oTepeonoinon oToug evtog {wvng XaAikonaocodAwv apylAikoug
oxXNMaTiopouc), 600 kal katd Tn pdaon AsiToupyiag Twv Epywv AaUBavopévmv unoyn

Kal TWV KIVTWV PopPTiwv oxediaouou.

EioayovTal katapxdg oTo npOypaypad, yia To UVOAO TwV OTPWOEWV TOU NUBPéva, ol
EVEPYEC YEWTEXVIKEC MAPAMETPOI OXEJIAOUOU, MPOKEIYEVOU va KaATaoTei duvarh n
NPOCOMOIWON TNG HAKPOXPOVIAG CUMNEPIPOPAC Tou €6AQOUC Kal va NpokUWouv
anOTEAEOUATA YIA TIC OUVOAIKEG (GMECEG Kal HAKPOXPOVIEC) KaBI(NOeIC WeTa TNV
O0AOKANPWON TNG OTEPEOMNOINONG TOU GUVOAOU TWV OTPWOEWV Tou NuBuEva. ‘Onou gival
eMOUPNTA N NPOCOMOIWCN Kal TNG Bpaxuxpoviag GCUMMEPIPOPAC OE  KAnolov
oxXnHaTiopo, (6nwc eni napadeiypaTi oToug XaunAng d1IanepaToTnTag — eKTOC TNG {wvng
TwV XaAlkonacodAwv — apylAikoUc oxnpaTiopoUs Tou guaikoU nudpeva (Ztpwon 1)),
QuTH ENITUYXAVETAl YE TNV €MIAOYN YIQ TN GUYKEKPIYEVN OTPWON, TNG AEIToupyiag
“undrained’ Tou NPOYPAPMATOC, MECW TNG onoiag kal niBAAeTal n OE0peUOn, Ol

EKONAWVOUEVEC €VTOC QUTNG METATONIOEIC va AduBavouv Xwpa und HNOEVIKN
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OYKOMETPIK Napauydppwon, TO Onoio Kal ouvioTd aoTpdyyloTEG OUVONKEG

oupnepipopac. EidikdTepa:

a) To oUvolo TwV YEWUAIKWV mnou dopoUv To owpa Tou €pyou (AIBOppInTa UAIKA,
Bwpakioelc, aupoxahiko €Euyiavong K.AM.)  avTigetwnidovrtal WG NANPWG
oTpayyilOueva, €MIAEYETAl OUVENWG OE autd n Aemoupyia «drained» Tou
NpoypAupaToc, onoTe kal NPOKUNTOUV KATA TIG OXETIKEG aVAAUOEIG AMETEC HOVOV

kaBI{NoE€IC EVTOC TOU OWHUATOC TOUC.

B) H wc avw napadoxn UIoBETeITal Kal yia TNV EVTOC {wvNG XAAIKONaooaAwy apyIAikn
>Tpwon I, Adyw TnG Taxeiag opifovTiag oTpAyylong Nou ENITUYXAVETAl OE AUTHV €K
TNG NAPOUCIac TWV KATAKOPUPWV OTNAWV TwV XAAIkonacodAwv. ZUPQwvVa HE
avaAuTIkoUG YEWTEXVIKOUG unohoyiopoU nou nepihappavovral oto Mapaprnya
>T-1, anaiteital Xpovikd dIaoTnUa MOAIC 2 UNv@V yid TNV OAOKANpwon Tng
OTEPEOMOINONG TWV OTPWOEWY EVTOC TNG {wvNnG auTng (e EMITUyXavouevo Babuo
oTepeonoinong, U = 98%). Zuvenwc, PETA TNV NPoBAENOMEVN 2-unNvn Napapovn
TOU €pyou katd Tnv A’ ®daon KaTtaokeunc, ol HakpoxXpoviec kabilnoeic Aoyw
oTeEPeONOINONG &vrtog TNG (wvnG TwvV XAANKonaoodAwv 6a €Xouv MPAaKTIKWG

oAOKANPwOEi.

y) AoTtpdyyioTn cupnepipopa AapBaveral Hovov yia Tnv ekToc {wvng XaAIKoNaooaAwV
apylAikny ZTpwon I, n onoia «oTpayyilel» HOvov kaTakopu@a Npog TNV eNPAveia
Tou nNuBueva, avapeveral Os va emdeiEel 1I01aiTepa Bpadeia aTepeonoinon Adyw TNG

XAaMNANG dianepatoTNTAG KATA TNV WG Avw dieuBuvaon.

Mpokelyévou va An@Bouv unown ol GUVONKES anopopTiong — enavapopTiong Tou
€0a@ouc, AOyw TwV ONUavTiIkwV nPoBAEnOUeVwY EKOKAPWV yia Tnv eEuyiavon Tou
nubpéva (To Babog ekokaPnc PBAvel KATA TOMOUG WC Kal Ta 5m nepinou anod Tnv
EMIPAvEIQ TOU QUOIKOU nubupeva), n Ztpwon I evrog kal ekTdg TnG lwvng Twv
XAaAIKONAaooAaAwV NPOCOMOIWVETAl UE TO KATAOTATIKO YoVTENO Hardening Soil, To onoio

Kal AauBavel unown Tnv v AOyw CUHNEPIPOpPA.

Katd Tnv €@apuoyr] Tou KaTaoTaTikoU WOVTEAOU Hardening Sofl, To npoypaupua
AapBavel wg dedopEva, TO WETPO HOvodIAoTATNG OUMMIEONG avapopdc Eeed ™f, TO
TPIGEOVIKO HETPO  €AAOTIKOTNTAC avagopdc Eso ™, TOo pETPO  ano@opTiong
enavapopTiong avapopdc Ey'®f, Tnv Taon ava@opdc p™f kai Tov OUVTEAECTT) KATAVOUNG

M KAl GUOXETICEl TIC NAPAPETPOUC akapwiac Tou €dAPOUC OUVAPTHOEl TOU EKACTOTE

TPITQN ZYMBOYAOI MHXANIKOI 75



AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

IoXUOVTOC €VTATIKOU MedIOU Kal TWV EVEPYWV NAPAUETPWV AVTOXNG MECW TWV

akOAoUBWV EEICWOEWV:

[ ccotp-o )
Eoed :Eoéil (Wj
P @

c-cotp—o, Jm 2)

E :E}’ef .
50 50 (c-c0t¢+p"ef

E g (c-cotgﬁ—o:3 Jm
ur — ur .cotd+ ref
c-cotg+p™ ) 3

Onou:

E 710 EPANTOUEVIKO HETPO HOVOJIAOTATNG CUMNIEONC Yia NapBevIKr (pOPTION

OUMNIECOUETPOU (KavoviKa oTepeonoinuévou £dagouc) [kN/m?]

E,: 10 péTpo ehacTikdTNTAG and aTpayyilOUEVn TPIAEOVIKT SOKIUR f) EUNEIPIKG

EKTIHOPEVO [KN/m?]

E :7o péTpo ehaoTikOTATAC Yia ano@opTion/enava@opTion Tou edagoug [kN/m?]

4

01": N KATakoOpuUPn EVEPYOC TACN OTNV OTABUN eAéyxou (AapBavel apvnTiKn TIUA

o€ nepinTwon BAIYNG)

03": n opIlOVTIa evepydC TAon oTnV oTaBbun eAéyxou (AapPBavel apvnTikn TIKR O
nepinTwan BAiYne)

m: ekBETNG nou kabopilel Tn HOPPR TNG METABOANG TWV HETPWV aAKAPWiIag

OouUVapTnOEl TOU evTaTikou nediou (AapBavel TipéG peTa&u 0,50 kai 1)
p"ef : 1 BewpnBeioa Taon avapopdac [kN/m?]

c', @ ol gvepyEC NAPAUETPOI AVTOXNC Tou UAIKOU (ouvoxn kai ywvia TpIBnc),
[kPa, ©]

Ta dedopeva e10aywynG (Eced ™, Eso ™, pf kai m) eneAéynoav pe TpOMO MOTE N
NPoKUNTOUCA KATAVOUN TWV MNAPAPETPWV AKAPWIac Ye To BABOC aAAG kal pe Tnv
au&non Twv evepywv TAoEWV AOyw €MIBOANC TWV POPTIWV TOU £PYOU, va ouvadel Pe

v a&ioloynBeioa oto oxeTikd Teuxoc AfloAdoynonc (Maiog 2023) kaTtavour) Tou
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METPOU povodiaoTaTng cupnieonc (BA. § 6.1.2 kal ZTpwuaTtoypagia unohoyiopoU §
6.2) evw napadA\nAa o Aoyoc Poisson, v, TNG OTPWONG, O OMOoIoG GUVOEEI TO WETPO
MOVOJIA0TATNG CUMMIEONG ME TO METPO €AAOTIKOTNTAG HEOW TNG oxeone, Es = E{(1-

v)/[(1+v)(1-2v)]}, va npokUNTEl NeEPinou icog npog, v = 0.33.

‘'Ocov apopd OTO METPO aAnoPOPTIONG — EMNAVAPOPTIONG AUTO eKTIUAONKE und Tn
Bswpnon ot Eu/Eso = C/C, 0nou Cc, C: ol OeiKTEC CUMNIECTOTNTAC Kal BIOYKWONG Ol
onoiol €Eayovtal and TIC €PyaACTNPIAKEC OOKIUEC OUMMNIECOMETPOU. And Ta
anoTeEAéOMATA TWV €V AOYw OOKIJWV Mou napoucialovral OTo OXETIKO TeUxog
A&lohoynong (Maiog 2023) npokunTtel 0TI 0 Aoyog C:/Cc kupaiveTal PeTa&u 3 kai 7.

ErIAéyeTal ouvTNPNTIKWOG KATA TOUC EAEYXOUC, £,/ = 3*Es/*

O1 eniexBeioeg napApeTpol yia TNV nNpoogopoiwon Tng ZTpwong I péow TOU
KaTaoTaTikoU POVTEAOU Hardening Soil, ouvowilovTtal oTov nNapakatw nivaka. XTo
didypappa nou akohouBei napouadialetal oUykpion TNG NPOBAEWNG TOU METPOU
povodIdoTaTnNG oudnieong PBAcel ToUu WG Avw KATAoTATIKOU HOVTEAOU, HE TNV
a&lohoynOeioa oTo oxeTIkO Teuxog AEloAdynong (Maiog 2023) kaTtavoun, aAAa kai Ta
AUECA AMOTEAEOMATA OXETIKWV OOKIWV  HovodiaoTaTng OTEPEONOINONG  Mou
nepiAapBavovTal o€ auto, eniBeBaiwveral O n IKAvonoIiNTIK OUYKAION PETAEU TwV

ANOTEAEOUATWV.

Ma Tnv evrog wvng XaAIkonaooaAwv NepIoxn, ol napdapeTpol Es, Eso kal Eur au€nbnkav
MEOW MOAAANAAoIaopoOU TOUG ME KATAAANAO OuvTeAeoTn BeATiwong, np=1.60 kal
n2=2.00 avTioToixw¢ yia TIc AlaTopeg EAEyxou -T kai A-A, Onwc auTdg NpokUNTEl BACEl
avaAuTIKwV unohoyiopwv nou napoucialovTal oto Mapaprnua ZT-2 Tou napovTog
TEUXOUG. Me Tov ev AOyw ouvTeAeoTn, AauBaveTal unoyn n av&non otn duaTponia Tou
€da@oug, AOyw TNnG Napouciac Twv au&nuévne akapwiag KaTakopupwyv OTNAWV TwV

XaAIKonaooaAwv.

. Eoe dref Eso ref Eurref pref m
ZTpwOon
(MPa) (MPa) (MPa) (kPa) )
>Tpwon I 3.0 3.4 10.2 100 1.00
>Tpwon I evrog
Zovne X/ 4.7 5.3 15.9 100 1.00

Mivakag 6-9: Aedopéva akapgwyiag yia TV Npooopoinon TnG ZTpmong I HE TO KATACTATIKO
HovTéAo Hardening Soi/
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Kavtavopr perpou cupmieoTornracg pe To fabog
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Alaypappa 6-3: ZUykpion aloAoynOciocag KATavopng HETPOU HovodiaoTaTng oupnieong Es
Kal anoTEAECUATWV SOKIHNG HOVOJIAOTATNG OTEPEONOINONG ToUu TEUXoUG A§loAoynong (Mdaiog
2023), Y€ TRV avTioToiXn NpoKUNTOUCd BACEI TOU KATAOTATIKOU HovTéAou Hardening Soil
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Ano Tig avaAuoeig e To npdypappa Plaxis ekTiMwvTal KaTapxag ol kabifnoeig nou
avapéveral va ekdnAwBouv kata tnv A" ®aon Kataokeung (BA. § 6.3) peTa kal Thv
NApEAEUON TOU 2-URVOU XpovikoU dIaoTAUAToG Napapovng Tou £pyou GTn GAcn auTr,
Xwpig neparepw npdodo Twv epyaciwv. O kabilnoeig nepIAayBavouv TIG AUECEG
kaBINOEIG TOU CUVOAOU TWV OTPWOEWV Yia Ta Bapn Tng A" ®aong, kabwg Kkai Tig
KaBI{NOEIG EK OTEPEOMOINTEWG EVTOG TNG {WvNG TwV XaAIkonacodAwv, BewpwvTag oTi
ME TNV NApod0 TOU WG Avw XPOovikoU OIaoTAHATOG auTeG Ba €XOUV MPAKTIKWG
oAoKANpwBEi. Ayvoouvtal ouvTNPENTIKOG NARPWG O  Onoleg  KaBIfnoelg €k
OTEPEOMOINCEWG OTNV €KTOG {WVNG xaAikonacodAwv XTpwon I Tou nubueva, yia Tnv
onoia kal AapBavovrar ONwWG ava@epOnkKe NaApAnavw, aoTpAyyioTEG OUVONKEG
OUMNEPIPOPAG.

O1 avalUoesic enavalappavovTal PEXPIC OAOKANPWOEWS TNG NARPoUC dIaTOUNG Tou
épyou (NTOI KATAOKEUN Kal TNG avwdounc), AayBavovtac unown Twpa TNV NANPOG
oTpayyi{lOJEVN OUMMEPIPOPA TOU OUVONOU TwV OTPWOEWV TOU NuBpéva
(oupnepIAauBavopévng kar TNG ekTog {wvng xalikonacodhwv ZTpwong I). And Tig
avaAloeIC NPoKUNTOUV O OUVOAIKEC (GUEDEC Kal JAKpoXpOvieC) KaBI{OEIC €K TOU
OUVOAOU TWV OTPWOEWV TIC onoie¢ 6a napalduPBave To €pyo anod Tnv apxn Tng
KATAOKEUNG TOU WEXPI Kal TNV NANPN OAOKANPWON TNG OTEPEONOINONG TOU £3APOUC
kaTa Tn Qacn AsIToupyiag autou.

Anod Tnv d1IaQopd TWV ANOTEAEOHATWV TwV OU0 WC Avw avaAUoewv NpokUNTOUV Ol
OUVOMNIKEG METAKATAOKEUAOTIKEG KaBIZoeIC nou Ba kKAnBei va napahaBel otnv npdén 1o
€pYo Katd Tn ¢aon Asiroupyiac Tou, dedopEVNG TNG NPOBAEWNC yia oTadiakn Tou
KATAOKEUN Kal €AeyXOo TwV KaBI(NOEwvV MEOW TWV ANAITOUMEVWY dlaoTNUATWY
NapagovnG o€ evOIAUEDN KATAOKEUAOTIKN (aon, oUPWVA HE TA AVWTEPW.
ZnUelwveTal 0TI oTNV WG avw diapopd Aappavovtal cuvTnENTIKWG UNoyn, ol KaTtd Ti
HEIWPEVEG KaBIZnoeIg TNG A’ dAong KaTaokeung onwe auTeg NpokUNTOUV PETA Kal TNV
anopakpuvon Twv T.0. enipopTIonG, oTAdIo To onoio AauBaveral diakpiTa unown yia
TOV OKOMO aUTOV, KATA TIC OXETIKEC aPIOUNTIKEC avaAloelic. H wg avw Bewpnon
BpiokeTal npoG TNV nAsupd TnNG dogaleiag, kabw¢ odnyei oe auvénon Twv
METAKATAOKEUAOTIKWV KaBi{noswv a@oU ol TeAeuTaiec em@opTilovTal kal Tnv
enikeipevn avlywon Tou €3A@OUC PETA TNV anopdakpuvon Twv T.0. enipopTiong,

Bewpeital O peaNIOTIKI.

TPITQN ZYMBOYAOI MHXANIKOI 79



AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

6.7.3 [ewupdouara

Anaiteital facel Twv avaAUoewv euoTabelag, n dIAoTPwaon NANoiov Tou NUBUEva TNG
oKAPNG EKOKAPNG, UPAVTWV MOAUECTEPIKWV YEWUPACUATWY, OVOUACTIKNAG AvToXNG,
oTN MEV NEPIOXN TUVEXOUG kpnnidwaong Tou épyou (Alatopn -, 800 kN/m, ota d¢
MEMOVWUEVA BABpa nAnaiov TG yeéveonc Tou PwAou (Alatour A-A), 600 kN/m.

Ta Yyewu@PAoPATa MPOCOMOIMVOVTAl ONwG MepypapeTal oTnv § 6.7.1, onou
napoucialetal ouvonTika n HeBodoloyia unoAoyiopoU Kal ol AoINEG BewpnOEIC nou

akoAouBoUvTal kKaTa TIC apIOUNTIKEG avaAUoEIC Ye To nNpdypaupa Plaxis 7.2.

H ava Ttpéxov WETpo akapwia, K, Tou yewupdaopatog, n onoia kal €l0ayeTal wg
dedolevo 0To Npoypaupa, npokunTel and Tnv oxéon: K = Faq/€, dnou Fq n avroxn
oxedlaopou Tou yewupaopatog (BA. § 6.6.3) kal, € n avnydevn napagoppwon nou
anaiTeital woTe va avanTuxBei n avToxr oxediacuou Tou, N onoia GUP@®VA e TEXVIKA
XapakTNPIoOTIKG JIaBECINWY OTO EUNOPIO UPAVTWV YEWUPACHATWY, €ival TNG TAENG

nepinou Tou, € = 6%. ZUUPwva Ke Ta NApanavw nPokUnTel,

* Ta 10 yewupaoua Twv 800 kN/m: K = 400 kN/m / 0.06 = 6700 kN/m

* Ta 10 yewupaopa Twv 500 kN/m: K = 300 kN/m / 0.06 = 5000 kN/m

H ywvia TpIBA¢ & oTnv dIENIPAVEId YEWUPAOKATOC - £€dAPouc AapBAveTal we NocooTo
TNG Ywviag E0WTEPIKAG TPIBNG TNG OTPWONG Nou To NePIBAANEI Kal OUYKEKPIPEVA, & =
0,80+0.90 @’ (BA. [xi] § 6.1.3). Aappavovrag unown OTI Ta yewupaouata Oa
EYKIBWTIOOOUV €VTOC €EUYIAVTIKAG OTPWONG AUHOXAAIKOU HE Ywvia E0WTEPIKNAG TPIRNG,

¢’ = 36° cioayetal oto npoypappa (BA. § 6.7.1 Tnc napoloac), OUVTEAEOTNG
dlenpavelag evrog TnG oTpwaong autng, Rine = tan(0.83¢")/tang’ = 0,80.
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6.7.4 Zradia Avdluonc

Ta oTadia avaluong nou npaypartonololvTal yia Tn Ole€aywyn Twv apiOunTIKwV

avaAloswv eAéyxou Twv Kabilnoswv pE TN HEBOOO TWV MENEPACHEVWV OTOIXEIWV,

EXOUV WG €ENC:

1.

®aon 0 (Initial Phase): AnoteAsi apxikd oTadio uNOAOYIOPWV KATA TO OMoio

urioAoyifovTal ol UdPOOTATIKEC MIECEIC TOU VEPOU TWV MOPWV HE TNV €l0aywyn
op1OVTIac ypapung udpopopou opifovta oTnv oTadun £0.00 (M.Z.0.).

®aon 1 (Apxikn katdoTtaon) — Ekkivei ano Tnv @don 0: MpayuaTtonoleital NAACTIKA

avaluon kata Tnv onoia unoloyiletal To nedio Tacswv anod Ta idia Papn Twv
(PUOIKQV OXNHAaTIoPV, AauBavovTag unoyn Tnv UPICTAPEVN NPO TNG KATAOKEUNG
TOU £PYOU YEWMETPIA TOU PUOIKOU NUBKEvVA. MPOCOUOIWVETAI |JE TOV TPOMO AUTOV
TO I10XUOV WEXPI ONueEpa evraTtikd nedio evrdg Tou edagikoU nuixwpou. Ol

avaAloeIg npaypaTonolouvTal und NANpwG oTpayyIfOUEVEC GUVONKEG,.

®daon 2 (Ekoka@ry nubuéva) — Ekkivei and Tnv ®acn 1: MpooopolwveTal n
€KOKApn Tou nuBupeva. O avaAloeic npaypaTtonololvTal ouvTnenTIKWG uno
NANPWG oTpayyIlOHEVEC OUVONKEC wWOTE va npaydatonoinBei n peyiorn duvaTnh
avuywaon Tou TeAIkoU nuBpéva TnG okagnc.

daon 3 (Karaokeun XaAIkonaooaAwv Kal EEUyIavTIKNC oTpwanc) — EKKIVE anod Tnv

®daon 2: MNpooopoiwveral n PeATioon Tou €dAPOUC evTOC TNG (WvNG TWV
XaAIKonaoodaAwv Kai n KATaokeun TnNG EUYIAQVTIKNAG OTPWONG HETA TNG JIACTPWONG
TOU YEWUPAOUATOG. AOY®W Tou NMoAU piIkpoU eniBarOpevVoU PpopTiou of avalUoEIg
npaypaTonoiouvTal und NANPwe oTpayyI{OPEVEC CUVONKEC,.

®don 4 (Kataokeun npioyatog £dpaong — AOTpAayyioTeG ouvOnkeg) — EKKIVel anod

Tnv_®aon 3: tnv @Aacn auth NPOCOMOIWVETAl N KATAOKEUN TOU NpiouaTog
€0paong PExp! TNV TeAIKN NpoBAenopevn oTabun Tou (BA. AlaTopEC EAEyxou § 6.4).
O1 avaAuoeic npaypaTonoloUvTal AauBavovTac unown acTpayyioTeg GUVONKEG yia

TNV €kTOC {wvng XahikonacodAwv ZTpwon I Tou nubpéva.

®daon 5 (OAokAnpwon A’ ®acnc Kataokeunc: TonoBETnon - enipoption T.0. —

AoTpdyyioTec ouvOnkeg) — Ekkivei and Tnv ®aon 4: NMpoooUoI®VeTal N ToNoBETNoN

Tou ouvoAou Twv T.0. péxpl TNV NpoBAendpevn oTadun +0,50m and M.Z.0. kai n
EM@OPTION TOuC e Wia npdodetn oeipd T.0. O avaAUoEIC NpayPaTonoiouvTal
AappavovTac unoywn acTpayyioTeC GUVONKEG OUPNEPIPOPAC YIa TNV €KTOC {wvNG

xaAikonaoodAwv 2tpwon I Tou nubuéva. And Tnv avaluon Tou ev AOyw oTadiou
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10.

AauBavovrtal anotehéopata kabilnoswv oTtnv_otabun €dpaonc Twv T.0. 3TIC

kaBilnosic_ nepiAapyBavovTail ol apsosc KabilNOEIC EK TOU GUVOAOU TWV OTPWOEWV

TOU nNuBuéva Kal TwV YEWUNK®OV TOU OWUATOC TOU €pyou OnwC €nionc ol

HakKpoypoviec kabidnosic AOyw oTEpE0ONOINONC TNE EVTOC {WvNC XaAIKonagoaAwv

2tpwong I, uno Ta goptia Tng A’ ®acng Kataokeung Tou €pyou. O1 ev AOyw

kaBi{noeIg avapeveTal OTi Ba €xouv oAoKANPWOEi oTnV NPA&n PETA kal TN 2-Unvn
napagovr) Tou €pyou and Tnv oAokAnpwon Tng A’ daong Kataokeunc.

®daon 6 (Anoudkpuvon T.0. eni@opTion — ACTPAYYIOTEC ouvlnkec) — Ekkivel and

Tnv_®don 5: MpooopoiwveTal n anopdkpuvon Twv T.0. enipdPTIONG TOU EPYOU.
210 0TadI0 AuTo AapBavovTal KabINOEIG KaTA TI HEIWHEVES TWV EKTIUNOEICWY TNV
nponynBeioa 5" ddaon, Aoyw anopopTionG Tou £dAPouC Bepeliwone PETA TNV
anopdkpuvon Twv T.0. em@opTionc. O1 ev Adyw kabilnoeIc xpnolhonolouvTal yia
TNV EKTIUNON TWV HAKPOXPOVIWV HETAKATAOKEUAOTIKWV KABI(NOEWV TOU €pYou

oUPpWVa YE Ta avaypapopeva atny § 6.7.2.

dacsic 7 ka8 (Kataoksun npioyatoc £0paonc Kai _Tonofsrnon T.0. -

>Tpayyilopyevec ouvbnkec) — Ekkivei ano tnv ®don 3: EnavahapBavovral ol

avaAloeig Twv oTadinv 4 kal 5, uno NARPWGS OPWG oTpayyILOUEVEC GUVONKEG.

®daon 9 (Kataokeur avwdoung — STpayyilopevec ouvonkec) — Ekkivei ano tnv

®daon 8: MpooopoInVETAl N OAOKANPWON TNG KATAOKEUNG TOU £pYOU HE TN
okupodETnon TnG avwdopnc. O avaAlosic npaypatonoiouvTal und nANpwc
oTpayyI{OUEVEC OUVONKEC YIa TO OUVOAO TWV OTPWOEWV TOU NuBpéva (evroc n

€KTOC TNC (WVNC TwV XaAikonacodAwv). And Tnv avaluon Tou v Aovw otadiou

Aaupavovral  anoTeAéouata via TIC OUVOMKEC (AUECEC + |IAKPOXPOVIEC €K

agTepsonoiNoswe) kabilnosic nou Ba napaAdaupave 1o €pyo amd Tnv_apXA TnNS

KOTOOKEUNC TOU WEXPI Kal TNV _TTAPN OAOKANPwWON TNC OTEPEOTTOINONC TWV

OXNUOTIOUWY Tou TTUBUévVa KaTd TN @don AsiToupyiac autou.

daon 10 (daon Asitoupyiac: EniBoAr KivaTwv @®opTiwv) — EKkivel ano Thv daon

9: EmiBaMovTal Ta npoPAenopeva KivnTa @opTia oxediaopoUu und OTaTIKEG
ouvenkec (BA. § 6.5) kal uioBeToUVTal AOTPAYYIOTEG GUVONKEC CUUNEPIPOPAG TNC
€kTOG {vng XaANikonaoodhwv apylAikng Ztpwong I Adyw Tou napodikoU

XapakTAPa Twv &v AOyw (opTiwv. Ano Tnv avdAuon Tou &v AOvVw oTadiou

nNpokKUNTOUV oI NpoaBeTec KaBIZNOsIC AOYW TNC ENIBOANC TWV KIVNTWV (POPTIWV

oxedIaopou.

TPITQN ZYMBOYAOI MHXANIKOI 82



AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

6.7.5 AnoreAgouara kabilrioswv

2TOUC nivakeg nou akoAouBoUv napoucialovTtal ava diaToun e€AEéyxou Kkal ¢aon
KATAOKEUNG, Ta ANOTEAEOMATA TWV AVAUEVOPEVWY KABI{NOEwV Kal OTPOPWV OTIC dUO
napeiEg, otn oTadbun €dpaong Twv T.0. Tou €pyou, ONWG AUTA NPOEKUWAV ano TIG
apIBUNTIKEC avaAUOEIG NENEPACHEVWV OTOIXEIWV PE TO Npoypapua Plaxis 7.2., Bacel
NG pMeBodoloyiag nou avanTUxOnke OTIC NPONYOUUEVEG Napaypa@ouc. Ta avaAuTika

PUANG anoTeEAEOPATWY TOU NpoypdupaTog nepidayBavovral oto Mapaprnua ZT-6.

a/a AV&AUO'I'] NeoIVpamh Sext Sint r
Plaxis plYPas®n (cm) | (cm) (-)
Avapevopeveg kabilnosig YeETa TNV
1 Phase 6 | ohokAfpwon Tng A’ ®dong| 19.7 19.2 | 1/1000
KaTaokeung
2 Phase 7 | KOBITNCEIG eTa TV anopakpuven | 4g 5 | 177 | 171000
Twv T.0. ENIPOPTIONG TOU EPYOU
3 Phase 9 | 2UVONKEG (QUECEC + HAKPOXPOVIEG) | 53 5 | ) 3 1/715
kaeifnoeig
AvapEeVOUEVEC
4(=3-2) ) HETAKATAOKEUQOTIKEG qulénoalq 4.8 4.6 1/2500
kata Tn ®aon AsiToupyiac Tou
£pyou
5 Phase 10 | HIPOOBETEG peTaToniceic Aoyw TG | g6 | g5 | 1/5000
ENIBOANG TWV KIVNTWV POPTIWV
‘Onov,

Sext: Ol KABIZNOEIG oTNV €dpaon Twv T.0. KATw and To iXVog TNG NPOCHVEUNG NAEUPAG TOUG
Sint: Ol KaBI{NoeIg oTnv €dpacn Twv T.0. KATW Anod To iXVog TNG UNMAVEUNG NAEUPAC TOUG
r: n aTpo®n TnNG Baong Twv T.0., r = (Sext — Sint)/B, 6nou B To nAaTog édpaong Twv T.0.

Mivakag 6-10: AnoTeAéopara kaBiloswv Alatopng EAéyxou I'-I' (ouvexng kpnnidwaon)
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a/a AV(EIAUO'I] NeoIVpamh Sext Sint r
Plaxis e (cm) | (cm) )

Avapevopeveg kabinoeig YeETa TNV

1 Phase 6 | ohokAfpwon Tng A’ ®aong| 10.8 10.7 | 1/5000
KaTaokeung
7 Phase 7 Kabilnoeic HETG TNV anopakpuvon 3.8 8.7 1/5000
Twv T.0. ENIPOPTIONG TOU EPYOU
3 Phase 9 | 2UVOMKEG (GUEOEC + LAKPOXPOVIES) | 3 ¢ 13.0 | 1/1000
kaeifnoeig
AvapeVOUEVEC
4(=3-2) ) HETAKATAOKEUAGTIKEG qulinoalc; 4.8 4.3 1/1000
kata T ®daon AeToupyiag Tou
£pyou
5 Phase 10 | 1POODETEG LETATONIGEIG AYw TNG |4 4 0.9 | 1/1000
ENIBOANG TWV KIVNTWV POPTIWV
‘Onov,

Sext: Ol KABIZNOEIG oTNV €dpacon Twv T.0. KATw and To iXVog TNG NPOCHVEUNG NAEUPAG TOUG
Sint: 0l kaBI{noeIc oTnv £dpaon Twv T.0. KATw and To iXVoC TNG UNMAVEUNG NAEUPAC TOUC
r: n aTpo®n TnNG Baong Twv T.0., r = (Sext — Sint)/B, 6nou B To nAatog édpaong Twv T.0.

Mivakag 6-11: AnoteAéopara kaBiloswv Alatopng EAéyxou A-A (HepOV@HEVO BABpO)

Ano Ta anoteAéoparta kabidoswv nou ouvowilovral OTOUG Napandave Mivakes

ouvayovTtal Ta KatwbI cudnepaopaTa:

> Aiatour EAéyxou -[:

O1 kaBIZNoEIC NOU aVANEVETAI VA EXOUV ekONAWOEI HETA TNV OAOKANpwon TNG A’
®aong Kataokeung Tou €pyou kal TNV NAapodo TOU 2-Pnvou XPOVIKOU
dlaoTAPATOC NAPANOVAG Yia TNV OAOKANPWON TNG OTEPEOMOINONG TNG EVTOC
{wvnc XxahikonaooaAwv Ztpwong I, avépyxovrar oe 19.7cm kal 19.2cm
avTioTolXa oTNV €EWTEPIKN KAl ECWTEPIKN NAPEIA TNG Bacewg édpaong Twv T.0.,
ME MpokUNTOUCa OTPOPN TG BAong, TnG Ta&ng Twv 1/1000.

Ol HETAKATAOKEUAOTIKEC KABICNOEIC TOU £PYOU MOU AVAMEVETAI va KONAwBOUV
KaTa Tn gaon Asiroupyiac auTtou, ol onoieg Kal ennpealouv w¢ £ni To NA&ioTOV
TN ASITOUPYIKOTNTA Tou, avépxovTtal o 4.8cm kal 4.6cm avTioToixa OTnv
€EWTEPIKN KAl ECWTEPIKN NAPEIG TNC BAoEwC £dpaonc Twv T.0. pe npokUNTOUCA
oTpO®N TNG BAong TnE Taénc Twv 1/2500.

O1 NpOCOETEG PETATOMIOEIC OTO CWHA TOU £PYoU AOYW TNG €NIBOANG Kal Twv

KIVNTWV QOpPTiwV eKTINWVTAl 0 0.6 kal 0.5cm oTnv eEWTEPIKN KAl EOWTEPIKN
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Napeid Tou €pyou avTioTolXd, ME NPOOBETN oTpoPn TNG BAcews Twv T.0. TNG
Ta&ng Tou 1/5000.

> Aiatour EAéyxou A-A:

O1 kaBIZNoEIC NOU avapéveTal va EXouv ekONAWOEI PeTa TNV oAokAnpwaon Tng A’
daong Kataokeung Tou Epyou Kkal TNV napodo Tou 2-Unvou XPOVIKOU
dlaoTAPATOC NAPANOVAG YIa TNV OAOKANPWON TNG OTEPEONOINONG TNG EVTOG
{wvnc XahikonacoaAwv ZTpwonc I, avépxovrar o 10.8cm kai 10.7cm
avTioTolxa oTnV €EWTEPIKN KAl E0WTEPIKN NAPEI TNG BAcew £dpaong Twv T.0.
ME NPOKUNTOUCA OTPOPN TNG BAong TnG Ta&ng Twv 1/5000.

O! HETAKATAOKEUAOTIKEG KABI(OEIC TOU £€PYOU MOU AVAPEVETAI VA EKONAWOOUV
KaTa Tn ¢aon Asiroupyiac autou, ol onoieg kal ennPealouv wg €ni To NAEioToV
TN AEITOUPYIKOTNTA TOU, avépyovTal o 4.8cm kai 4.3cm avTioToIXa oTnv
€EWTEPIKN KAl €O0WTEPIKN napeid TnG Pacswc £dpaonc Twv T.0., Me
npokUuNTouca aTpo®r TNG Baonc, TnS Taénc Twv 1/1000.

O1 NpOOBETEG PETATOMIOEIC OTO OWHA TOU £pyou AOYyw TNG €NIBOANG Kal Twv
KIVNTWV QopTiwv ekTINWVTAl o€ 1.4 kal 0.9cm oTnv eEWTEPIKNA KAl ECWTEPIKN
Napeid Tou €pyou avTioTolxa, Je NPOCBeTN aTpo®r TNG Bacewg Twv T.0. TNG
Ta&ng Tou 1/1000.

QC yevikdO OUMNEPAOMA TwV NApAnavw anoTEAEOUATwV NpokUMTEl OTI, HE TNV

NPOTEIVOUEVN WE TNV napouaa, AUon Bspeinong n onoia cuvonTIKWG NEPIAABAVel,

>

BeATiwon Tou €dAPOUC MECW €KOKAPNG Kal €EUyiavong Twv EMIPAVEIAKWY MOAU
MOAGKWV OTPWOEWV Tou NuBuéva aAl\d Kal KATAokeur) XaAIKonaooaAwv

KaTaAANANG dIapETPOU Kal o€ kaTaAlnAo kavvaBo kal eupog, Kal

UI0B€TNON 0TadIakAG KATAOKEUNG TOU €PYou HE EAeyXO TwV KaBI(NOEwV HEOW
npoBAewnC IkavoU Xpovikou 8IacTAHATOC Napapovng o€ evOIANECTO KATAOKEUAOTIKO

oTadio,

EMITUYXAVOVTAl ENAPKWG NEPIOPIOHEVA HEYEDN HAKPOXPOVIWV HETAKATACKEUAOTIKWV

kaBI{Noswv Kal oTpoPwv, Ta onoia kal Ba ekdnAwBoUv 0TO CWHA TOU £PYOU KATA TN

(paon Aerroupyiag autou.

JUYKEKPIMEVA, Ol JAKPOXPOVIEC HETAKATAOKEUAOTIKEC KaBICNOEIC, NeplopilovTal O KABE

NEPINTWON O€ PIKPOTEPEC TWV 5CmM VW OI AVTIOTOIXEG OTPOPEC 0APWC HIKPOTEPEG TOU

1/500, 6pio To onoio Ba pnopouce va BewpnBei WG KAVOVIOTIKA anodekTd akoun Kai
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0ot KTnplaka €pya. Ev kaTtakAeidl, Ta napandvw HEYEON METAKACKEUAOTIKWV
KaBIZnoswv Kal oTpoPwV KpivovTal anodekTd yia Tov EUKAUNTO TUNO AIMEVIKOU €pyou
ONWGE TO NPOKEIKEVO, Nou dev PEPEI €N TNG avwdOUNG TOU KATAOKEUEC Kal nxaviuarta

€uqQioBnTa o€ PETATOMIOEIC.

A€DOPEVWV TWV WG AVW MEPIOPIOPEVWV MHeyeBwV, ekTIaTal OTI ol  OnoIEG
METAKATAOKEUAOTIKEC KaBICNOEIC Kal OTPOPEC ekdnAwBouv oTtnv npagn, 6a
KaTavepunobouv opoldopoppa oTo GUVOAO TNG KATOWNG TWV £PYwV XwpIg Onuioupyia

EMNPAVV avicooTabpIwv PETAEL Twv endAAnAwv oTnAwv Twv T.0.

Ma tnv TPITQN ZUpBouiol Mnxavikoi A.E.

I‘E'MBE"I"HEII

TPITON i

25n ¢ MAP - NE |:' ]J--1-E||.
trif o nar i ftase e §@.COm
T s -_.E 243358

.hE ACHMON
5 R [ A341ES :I-"' :I."-L.'..'L [oa)
AT E_.h'l-'.:.'..!.'n’H'JﬂI:l'.l:lJ.T

EAeuBépioc Bao. PouxwTdg
AipevoAdyog MoAITIkog Mnxavikog M.Sc.- D.I.C.
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

> NoTioavaTtoAikr) AieuBuvon

TEYXOZ YMNOAOITZMQN

AievBuvon Mpo®Bnong: SOUTHEAST
MeT. STaBpoC: MATPA
ZuvoAIkoG ApiBuog NaparnpRoewv 53655
n g o a ABpoioTiki) Katavopn
a o Méon Tayurnra AvEpou g Ap. Meavornra o
KAipaka Avépou Zuyxvornta o o MiBavornrag -CDF
(m/s) Maparnpnoswv Epgaviong e
1Bf 1.03 4.134 2218 0.5816 0.5816
2Bf 2.57 2.286 1226 0.3216 0.9032
3Bf 4.37 0.468 251 0.0658 0.9690
4Bf 6.95 0.163 87 0.0229 0.9919
5Bf 9.77 0.036 19 0.0050 0.9969
6Bf 12.60 0.019 10 0.0027 0.9996
7Bf 15.69 0.003 1 0.0004 1.0000
8Bf 19.03 0.000 0 0.0000 1.0000
9Bf 22.64 0.000 0 0.0000 1.0000
10Bf 26.49 0.000 0 0.0000 1.0000
11Bf 30.609 0.000 0 0.0000 1.0000
A@poiouara - 7.107 3813 1.000 -
BéATioTn Mpocappoy iy
Weibull FT-I (Gumbel Distribution)
AQR)= 0.300 A= -0.215
MNapapeTpol B= 0.853 B= 1.500
k= 0.789
SuoxETion R’= 0.987 R’= 0.9695
Suvenkn EDOAPMOZIMO EO®APMOZIMO
YnoAoy iKopevn Karavoun MBavornrag
Weibull FT-I (Gumbel Distribution)
Tayutnra Avépou (m/s) CDF PDF Rsqr CDF PDF Rsqr
1.0289 0.5864 0.3954 0.000 0.6465 0.1880434 0.004
2.5722 0.8854 0.0862 0.000 0.8557 0.0889357 0.002
4.3728 0.9677 0.0215 0.000 0.9542 0.0298518 0.000
6.9450 0.9936 0.0038 0.000 0.9916 0.0055820 0.000
9.7744 0.9988 0.0007 0.000 0.9987 0.0008522 0.000
12.6039 0.9997 0.0001 0.000 0.9998 0.0001293 0.000
15.6906 0.9999 0.0000 0.000 1.0000 0.0000165 0.000
19.0344 1.0000 0.0000 0.000 1.0000 0.0000018 0.000
22.6356 1.0000 0.0000 0.000 1.0000 0.0000002 0.000
1.000 0.993
Ap. ETov Mapatnprocwv 49
Ap. MNapaTtnprioewv 3813 MBavoTnTa epPaviong evog oupBavrog pe X €Tn MNepiodo
Enavagopdg o€ diipkeia Y ETOV
Weibull Gumbel
Nepiodog Enavagopdg P( X<x) Taxurnta Avépou | TaxiTnTa Avépou Nepiodog Enavagpopdg Aiapkeia MiéavoTnTa
(Ern) (m/s) (m/s) (Etn) (Etn) (%)
1 0.987151 5.80 6.31 1 1 100
5 0.997430 8.50 8.73 5 1 20.00
10 0.998715 9.72 9.77 10 50 99.48
50 0.999743 12.70 12.18 75 50 48.89
75 0.999829 13.48 12.79 100 50 39.50
100 0.999872 14.03 13.22 150 50 28.43
12hrs/year 0.998630 9.61 9.67
YyopeTpo Mapatnpriogwv (m) 10.0
ZnToUPEVO 'YWoeTpo Tipwv (m) 10
Mepiodog Enavagopag (?): 75
Mepiodog Enavagopdg (?): 1
TaxutnTa Avépou Zxediacpou 75 eT®v (m/s): 13.48 26.2 (knots)
Taxurnra Avépou Ixediacpou 1 €éToug (m/s): 5.80 11.3 (knots)
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

> NoTia Aiebbuvon

AigbBuvon Mpo®mOnong: SOUTH
MeT. STaBuoc: MNATPA
ZuvoAikog ApiBpog MapaTnpnoswv 53655
. . o o ABpoioTiki Karavopn
KAipaka Avépou Rlech 'm)zun:;rsr;l ACros ZuxvéTnTa Ma Ap.' |':9€|\'IOTI'|T0 MiBavoéTnTag -CDF
paTnPHoEV Hpaviong O )
1Bf 1.03 1.957 1050 0.4175 0.4175
2Bf 2.57 1.491 800 0.3182 0.7357
3Bf 4.37 0.745 400 0.1590 0.8947
4Bf 6.95 0.353 189 0.0752 0.9699
5Bf 9.77 0.111 59 0.0236 0.9935
6Bf 12.60 0.022 12 0.0047 0.9982
7Bf 15.69 0.008 4 0.0018 1.0000
8Bf 19.03 0.000 0 0.0000 1.0000
9Bf 22.64 0.000 0 0.0000 1.0000
10Bf 26.49 0.000 0 0.0000 1.0000
11Bf 30.609 0.000 0 0.0000 1.0000
A@poiopara - 4.687 2515 1.000 -
BEATIOTN MNpooappoy
Weibull FT-I (Gumbel Distribution)
A= 0.000 A= | 1.387
MapayeTpol = 1.960 B= | 1.448
= 1.055
SuoxETion R*= 0.985 R’= [ 0.9368
Suvenkn EOAPMOZIMO EOAPMOZIMO
YnoAoy iKopevn Karavoun M@avornrag
Weibull FT-I (Gumbel Distribution)
Tayutnra Avépou (m/s) CDF PDF Rsqr CDF PDF Rsqr
1.0289 0.3974 0.3131 0.000 0.2778 0.2458176 0.020
2.5722 0.7361 0.1443 0.000 0.6434 0.1960052 0.009
4.3728 0.9030 0.0546 0.000 0.8806 0.0773341 0.000
6.9450 0.9776 0.0129 0.000 0.9787 0.0145386 0.000
9.7744 0.9957 0.0025 0.000 0.9970 0.0020972 0.000
12.6039 0.9992 0.0005 0.000 0.9996 0.0002978 0.000
15.6906 0.9999 0.0001 0.000 0.9999 0.0000353 0.000
19.0344 1.0000 0.0000 0.000 1.0000 0.0000035 0.000
22.6356 1.0000 0.0000 0.000 1.0000 0.0000003 0.000
0.999 0.972
Ap. ETov Mapartnprioewv 49
Ap. Maparnprogwv 2515 MBavoTnTa EpPaviong evog ouppavrog pe X £rn Nepiodo
Enavagopag og diapkeia Y ETOV
Weibull Gumbel
Nepiodog Enavapopag P( X<x) Taxurnra Avépou | TaxUTtnTa Avépou Nepiodog Enavapopag Aidpkeia Meéavérnra
(ETn) (m/s) (m/s) (Etn) (Ern) (%)
1 0.980516 7.18 7.07 1 1 100
5 0.996103 9.94 9.41 5 1 20.00
10 0.998052 11.11 10.42 10 50 99.48
50 0.999610 13.81 12.75 75 50 48.89
75 0.999740 14.48 13.34 100 50 39.50
100 0.999805 14.96 13.75 150 50 28.43
12hrs/year 0.998630 11.70 10.93
YyopeTpo Mapatnproswv (m) 10.0
ZnToUKEVO 'YWopeTpo Tipav (m) 10
Mepiodog Enavagpopag (?): 75
Mepiodog Enavapopag (?): 1
TaxuTnra Avépou Zxediacpou 75 eTav (m/s): | 14.48 = 28.2 (knots)
TaxuTnra Avépou Zxediacpou 1 £Touc (m/s): | 7.18 = 14.0 (knots)
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNMOAOIZMQN
> NoTioduTIkn AleuBuvon
AigbBuvon Mpo®mOnong: SOUTHWEST
MeT. STaBuoc: MNATPA
ZuvoAikog ApiBpog MapaTnpnoswv 53655
. . o o ABpoioTiki Karavopn
KAipaka Avépou Rlech 'm)zun:;rsr;l ACros ZuxvéTnTa Ma Ap.' |':9€|\'IOTI'|T0 MiBavoéTnTag -CDF
paTnPHoEV Hpaviong O )
1Bf 1.03 3.865 2074 0.2408 0.2408
2Bf 2.57 5.496 2949 0.3424 0.5832
3Bf 4.37 3.810 2044 0.2374 0.8206
4Bf 6.95 1.883 1010 0.1173 0.9378
5Bf 9.77 0.727 390 0.0453 0.9831
6Bf 12.60 0.241 129 0.0150 0.9981
7Bf 15.69 0.025 13 0.0016 0.9996
8Bf 19.03 0.001 1 0.0001 0.9997
9Bf 22.64 0.004 2 0.0003 1.0000
10Bf 26.49 0.000 0 0.0000 1.0000
11Bf 30.609 0.000 0 0.0000 1.0000
A@poiopara - 16.051 8612 1.000 -
BéATioTn Npooappoyn
Weibull FT-I (Gumbel Distribution)
AQ)= 0.150 A= 1.705
Mapapetpol = 2.703 B= 1.791
= 1.144
SUOYETION R?= 0.997 R?= 0.9944
Suvenkn EOAPMOZIMO EOAPMOZIMO
YnoAoy iKopevn Karavoun M@avornrag
Weibull FT-I (Gumbel Distribution)
Tayutnra Avépou (m/s) CDF PDF Rsqr CDF PDF Rsqr
1.0289 0.2415 0.2730 0.000 0.2325 0.1893994 0.000
2.5722 0.5861 0.1725 0.000 0.5400 0.1857941 0.002
4.3728 0.8110 0.0853 0.000 0.7981 0.1004832 0.001
6.9450 0.9434 0.0274 0.000 0.9478 0.0283773 0.000
9.7744 0.9861 0.0071 0.000 0.9890 0.0061000 0.000
12.6039 0.9968 0.0017 0.000 0.9977 0.0012677 0.000
15.6906 0.9994 0.0003 0.000 0.9996 0.0002266 0.000
19.0344 0.9999 0.0001 0.000 0.9999 0.0000350 0.000
22.6356 1.0000 0.0000 0.000 1.0000 0.0000047 0.000
1.000 0.997
Ap. ETov Mapartnprioewv 49
Ap. Maparnprogwv 8612 MBavoTnTa EpPaviong evog ouppavrog pe X £rn Nepiodo
Enavagopag og diapkeia Y ETOV
Weibull Gumbel
Nepiodog Enavapopag P( X<x) Taxurnra Avépou | TaxUTtnTa Avépou Nepiodog Enavapopag Aidpkeia Meéavérnra
(ETn) (m/s) (m/s) (Etn) (Ern) (%)
1 0.994310 11.51 10.96 1 1 100
5 0.998862 14.54 13.84 5 1 20.00
10 0.999431 15.82 15.09 10 50 99.48
50 0.999886 18.73 17.97 75 50 48.89
75 0.999924 19.45 18.69 100 50 39.50
100 0.999943 19.96 19.21 150 50 28.43
12hrs/year 0.998630 14.20 13.51
YyopeTpo Mapatnproswv (m) 10.0
ZnToUKEVO 'YWopeTpo Tipav (m) 10
Mepiodog Enavagpopag (?): 75
Mepiodog Enavapopag (?): 1
TaxuTnra Avépou Zxediacpou 75 eTav (m/s): | 19.45 37.8 (knots)
TaxuTnra Avépou Zxediacpou 1 £Touc (m/s): | 11.51 22.4 (knots)
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

> NoTioavaTtoAikr) AieuBuvon

TEYXOZ YMNOAOITZMQN

MEQGOAOQ: C.E.R.C., 1977

Ewoaywyn aktivwv evepyou avantuyuarog (R,
Evepyo Avarntuyua MeAayoug

YMOAOIZMOZ XAPAKTHPIZTIKQON KYMATIKQN NAPAMETPQN

AIEYOYNZH KYMATOZ

31a0un Metpricewv (m) : -

YroAoytouog Xapaktnpiotikot Kupatiouou

SOUTHEAST
A/A w; CcoSw; (COSmi)z R R(x:ost.n)i)z
) - - (Km) (Km)

1 -42 0.7431 0.5523 3.80 2.1
2 -36 0.8090 0.6545 29.80 19.5
B8] -30 0.8660 0.7500 124.50 93.4
4 -24 0.9135 0.8346 100.50 83.9
5 -18 0.9511 0.9045 10.50 9.5
6 -12 0.9781 0.9568 9.30 8.9
7 -6 0.9945 0.9891 8.20 8.1
8 0 1.0000 1.0000 7.00 7.0
9 6 0.9945 0.9891 5.00 4.9
10 12 0.9781 0.9568 4.20 4.0
11 18 0.9511 0.9045 3.90 3.5
12 24 0.9135 0.8346 3.70 3.1
13 30 0.8660 0.7500 3.80 2.9
14 36 0.8090 0.6545 4.30 2.8
15 42 0.7431 0.5523 4.70 2.6

ZYNOAO: 13.51 12.28 256.20

F= $R(cosw)*/Zcosw; = 18.96 Km

Ewoaywyn AvepoAoyikwv Stoyeiwv

Nepiodog emavadopdg (yrs) : 75

Evtaon Avépou (Bf) :

Tayutnta Avépou (m/sec) : 13.48

OUVTEAEDTH EVTIACEWG AVEUOU, Up(-): 17.41

Avarttuypa Nehdyoug F (Km): F= 1896 Km
2 2,0,42

gH,/U” = 0,283 tan h (0,0125(gF/U%)**) Hs= 118 m

gT./2nU = 1,20 tan h (0,077(gF/U%)*%) Ts= 425  sec

gta/U = Kexp((A(In(gF/U%))*-BIn(gF/U’)+C) *+DIn(gF/U%) td= 213 hrs

T, =4.5%H, " Tp= 490 sec

Kdiffraction = 1 Hs, diff = 1.18 m

YrtoAoytouo¢ ToMIKWY KUUATIKWY Y0P AKTNPLOTIKWY

[Ygog kopatog ota Babeid (Hs ) H10) S 118 m

Mrkog kUpatog ota Babeld Lo : 28.16 m

Ewgaywyn AvepoAoyikwv Stolxgiwv

Nepiodog emavadopdg (yrs) : 1

Evtaon Avépou (Bf) :

Tayxutnta Avépou (m/sec) : 5.80

GUVTEAEDTH) EVTAOCEWG AVEHOU, up (-): 6.17

3taOun Metpricewv (m) : -

YroAoyioudg Xapaktnpiotikov Kupatiopot

Avdrntuypa Nehdyoug F (Km): F= 1896 Km
2 2,0,42

gHs/U" =0,283 tan h (0,0125(gF/U")"™) Hs= 0.42 m

gT,/2nU = 1,20 tan h (0,077(gF/U%) %) Ts= 259  sec

gta/U = Kexp((A(In(gF/U%)>-BIn(gF/U%)+C) “+DIn(gF/U%) td= 338  hrs

T, =4.5*Hs1/2 Tp= 2.92 sec

Kdiffraction = 1 Hs, diff = 0.42 m

YroAoytopo¢ TOMIKWY KUUQTIKWY XOPAKTNPLOTIKWY

[YWog kupatog ota Babeid (Hs i H10) S 042 m

Mrkog kUpatog ota Babeld Lo : 10.47 m
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

> NoTia Aiebbuvon

TEYXOZ YMNOAOITZMQN

MEQ@OAO:Z C.E.R.C., 1977

Evepyd Avarntuyua MeAdyous

Ewgaywyn aktivwv evepyou avantiyuatog (R

YMNOAOrIZMOZz XAPAKTHPIZTIKQON KYMATIKQN MAPAMETPQN

AIEYOYNZH KYMATOZ

21a6un Metpricewv (m) :

YroAoyioudg Xapaktnpiotikou Kupatiouou

SOUTH
A/A w; cosw; (coswy)’ R R(cosw;)
[¢) - - (Km) (Km)

1 -42 0.7431 0.5523 6.80 3.8
2 -36 0.8090 0.6545 4.50 2.9
3 -30 0.8660 0.7500 4.00 3.0
4 -24 0.9135 0.8346 3.90 3.3
5] -18 0.9511 0.9045 3.80 3.4
6 -12 0.9781 0.9568 4.00 3.8
7 -6 0.9945 0.9891 4.50 4.5
8 0 1.0000 1.0000 5.00 5.0
9 6 0.9945 0.9891 5.60 5.5
10 12 0.9781 0.9568 6.00 5.7
11 18 0.9511 0.9045 5.80 5.2
12 24 0.9135 0.8346 6.70 5.6
13 30 0.8660 0.7500 7.40 5.6
14 36 0.8090 0.6545 7.90 5.2
15 42 0.7431 0.5523 32.80 18.1

ZYNOAO: 13.51 12.28 80.62

F=  3R(cosw)’/Zcosw; = 597  Km

Ewgaywyr) AvepoAoyikav Stolyeiwv

Nepiodog enavadopadg (yrs) : 75

Evtaon Avépou (Bf) :

Tayutnta Avépou (m/sec) : 14.48

GUVTEAECTH) EVIACEWG AVEHOU, U, (-): 19.01

Avantuypa Meldayoug F (Km): F= 5.97 Km
2 2,0,42

gH,/U" = 0,283 tan h (0,0125(gF/U")~"") Hs= 080 m

gT,/2nU = 1,20tan h (0,077(gF/U")**) Ts= 339  sec

gts/U = Kexp((A(In(gF/U%)>Bln(gF/U%)+C)“+DIn(gF/U?) td= 085 hrs

T,=4.5%H,"/ Tp= 403  sec

Kdiffraction = 1 Hs,diff = 0.80 m

YroAoy1ou0¢ TOMIKWY KUMATIKWV YOPAKTNPLOTIKWY

['Ygog kbparog ota Babeld (Hs i H10) S 0.80 m

MrKkog kupatoc ota Babetd Lo : 17.96 m

Ewoaywyr AvepoAoyikwyv Stoygiwv

MNepiodog enavadopdg (yrs) : 1

Evtaon Avépou (Bf) :

Tayutnta Avépou (m/sec) : 7.18

GUVTEAEDTH) EVIACEWG AVEHOU, U, (-): 8.02

21a6un Metpricewv (m) : -

YroAoyiouég Xapaxtnptotikou Kupatiopuou

Avarntuypa Neldyoug F (Km): F= 5.97 Km
2 2,0,42

gH,/U" = 0,283 tan h (0,0125(gF/U")~"") Hs= 0.35 m

gT,/2nU = 1,20tan h (0,077(gF/U%)**) Ts= 231  sec

gto/U = Kexp((A(In(gF/U%)%Bln(gF/U%)+C)“+DIn(gF/U?) td= 123 hrs

T, =4.5%H,"? Tp= 266 sec

Kdiffraction = 1 Hs,diff = 0.35 m

YroAoytop6¢ TOMIKWY KUMATIKWY XOPOKTNPLOTIKWY

['Ygog kOpatog ota Babeld (Hs i H10) S 0.35m

Mrkog kupatog ota Babeld Lo : 8.36 m
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

> NoTioduTikn AlelBuvon

TEYXOZ YMNOAOITZMQN

MEQGOAOQ: C.E.R.C., 1977

Ewoaywyn aktivwy evepyoU avantuyuarog (R
Evepyo Avarntuyua MeAdayoug

YMOAOIZMOZ XAPAKTHPIZTIKQON KYMATIKQN NAPAMETPQN

AIEYOYNZH KYMATOZ

SOUTHWEST
A/A w; CcoSW; (cc:»smi)z R R(cc:»smi)z
) - - (Km) (Km)
1 -42 0.7431 0.5523 5.30 2.9
2 -36 0.8090 0.6545 6.00 3.9
3 -30 0.8660 0.7500 6.00 4.5
4 -24 0.9135 0.8346 6.30 5.3
5 -18 0.9511 0.9045 7.00 6.3
6 -12 0.9781 0.9568 7.90 7.6
7 -6 0.9945 0.9891 12.20 12.1
8 0 1.0000 1.0000 33.40 33.4
9 6 0.9945 0.9891 36.00 35.6
10 12 0.9781 0.9568 6.70 6.4
11 18 0.9511 0.9045 6.20 5.6
12 24 0.9135 0.8346 5.60 4.7
13 30 0.8660 0.7500 5.30 4.0
14 36 0.8090 0.6545 4.90 3.2
15 42 0.7431 0.5523 4.60 2.5
ZYNOAO: 13.51 12.28 137.99
F= 3R(cosw)?/Zcosw; = 10.21 Km
Ewoaywyn AvepoAoyikwv Stoyeiwv
Nepiodog emavadopdg (yrs) : 75
Evtaon Avépou (Bf) :
Taxvtnta Avépou (m/sec) : 19.45
OUVTEAEDTH) EVIACEWG AVEUOU, Up (-): 27.33
31a0un Metpricewv (m) : -
YroAoytouog Xapaktnpiotikot Kuuatiouou
Avarttuypa Nehdyoug F (Km): F= 1021 Km
2 2,0,42
gH,/U” =0,283 tan h (0,0125(gF/U%)>*) Hs= 141 m
gT,/2nU = 1,20 tan h (0,077(gF/U%)*%) Ts= 450 sec
gta/U = Kexp((A(In(gF/U%))*-BIn(gF/U)+C) *+DIn(gF/U) td= 110 hrs
T, =4.5%H, " Tp= 535  sec
Kdiffraction = 1 Hs,diff = 1.41 m
YmoAoytouo¢ TOMIKWY KUUOTIKWV YA POKTNPIOTIKWY
[Ygog kOpatog ota Babewd (Hs fy H10) S 1.41m
Mrkog kUpatog ota Babeld Lo @ 31.61m
Ewgaywyrn AvepoAoyikwv Stoxgiwv
Nepiodog enavadopdg (yrs) : 1
Evtaon Avépou (Bf) :
Taxutnta Avépou (m/sec) : 11.51
GUVTEAEOTH) EVTAOEWG AVENOU, Ua (-): 14.33
2taOpun Metprioswv (m) : -
YroAoyioudg Xapaktnpiotikov Kuuatiopot
Avdrntuypa Nehdyoug F (Km): F= 1021 Km
2 210,42
gHs/U” =0,283 tan h (0,0125(gF/U")"™) Hs= 0.76 m
gT,/2nU = 1,20 tan h (0,077(gF/U)%%) Ts= 339  sec
gte/U = Kexp((A(In(gF/U%)>-BIn(gF/U%)+C) +DIn(gF/U%) td= 145  hrs
T, =4.5*Hs1/2 Tp= 3.93 sec
Kdiffraction = 1 Hs,diff = 0.76 m
YroAoytopo¢ TOMIKWY KUUQTIKWV XX PAKTNPLOTIKWY
[Y¥og kUpatog ota Babeid (Hs i H10) S 0.76 m
Mrkog KUpatog ota Babewd Lo : 17.94 m
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

> NoTioavaTtoAikr) 8iel6uvaon

T=75¢r
XapakrnploTikd kuparioyou ora BaBeid
Hs = 1.18 m * Hmo = Hyy3 at deep waters (CEM 2003)
Ts = 4.25 sec * Ts = 0.93 T, (CEM 2003, BS 6349:1 - 2000, Goda 1985)
Tp = 4.57 sec
Lo = 28.16 m
tu= 2.13 hrs * Full Spectrum Development Time
C = 6.63 m/sec * Wave celerity
Cgo = 3.32 m/sec * Wave Group Celerity

YroAoy 10UOG TOMIK®V KULATIK®V XapaKTNpIOTIKOV
Wave Propagation Angle

a= 0 ° * Angle of Wave Approach (wave crest Je 100Babeig)
tand = 0.05 * Mean Seabed Slope

AwdBAaor) kai prixworn Kuuarioyov

Depth T d/L L Cg Ks 0 Kr Ho' Hs Hmax

(m) (sec) (m) [(m/sec) © (m) (m)

20 4.25 0.7102 28.16 3.32 0.9989 0.00 1.0000 1.18 1.18 2.13

15 4.25 0.5333 28.13 3.36 0.9931 0.00 1.0000 1.18 1.18 2.12

10 4.25 0.3625 27.59 3.56 0.9654 0.00 1.0000 1.18 1.14 2.06

8 4.25 0.2978 26.86 3.72 0.9437 0.00 1.0000 1.18 1.12 2.01

6 4.25 0.2361 25.41 3.91 0.9212 0.00 1.0000 1.18 1.09 1.96

4 4.25 0.1766 22.65 3.97 0.9142 0.00 1.0000 1.18 1.08 1.95
Notes:

* Wav e heights appear at the input depths allowing for wave setup.

* Significant wave heights near the shoreline may deviate from the calculated ones. It is proposed that shoreward of 0.5 Ho' any project is constructed with the Hs at 0.5 Ho'

T=1¢€r0C

XapakrnpioTikd kuuariouou ora Babsid

H; = 042 m * Hmo = Hy/3 at deep waters (CEM 2003)

Ts = 2,59 sec * Ts = 0.93 T, (CEM 2003, BS 6349:1 - 2000, Goda 1985)
T = 2.79

Lo = 1047 m

tu = 3.38 hrs * Full Spectrum Development Time

G = 4.04 m/sec * Wave celerity

Cgo = 2.02 m/sec * Wave Group Celerity

YrioAoy 1040C TOMIK®V KULATIK®V XapAKTNPIOTIKOV
Wave Propagation Angle

a= 0 ° * Angle of Wave Approach (wave crest e 100Babeic)
tand = 0.05 * Mean Seabed Slope

AidBAaan kai priyworn Kuuarioyou

Depth T d/L L Cg Ks ;] Kr Ho' Hs Hmax
(m) (sec) (m) [(m/sec) ©) (m) (m)
20 2.59 1.0000 20.00 2.02 1.0000 0.00 1.0000 0.42 0.42 0.76

15 2.59 1.0000 15.00 2.02 1.0000 0.00 1.0000 0.42 0.42 0.76

10 2.59 0.9500 10.53 2.02 0.9999 0.00 1.0000 0.42 0.42 0.76

8 2.59 0.7601 10.52 2.02 0.9994 0.00 1.0000 0.42 0.42 0.76

6 2.59 0.5729 10.47 2.04 0.9954 0.00 1.0000 0.42 0.42 0.76

4 2.59 0.3869 10.34 2.14 0.9719 0.00 1.0000 0.42 0.41 0.74

Notes:

* Wave heights appear at the input depths allowing for wav e setup.

* Significant wave heights near the shoreline may deviate from the calculated ones. It is proposed that shoreward of 0.5 Ho' any project is constructed with the Hs at 0.5 Ho'
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

> NoTia dielbuvon

T=75¢mn

XapakrnpioTikd Kuuarioyou ora Babeid

Hs = 0.80 m * Hmo = Hy/3 at deep waters (CEM 2003)

Ts = 3.39 sec * Ts = 0.93 Ty, (CEM 2003, BS 6349:1 - 2000, Goda 1985)
Tp = 3.65 sec

Lo = 17.96 m

tyu = 0.85 hrs * Full Spectrum Development Time

C = 5.30 m/sec * Wave celerity

Cgo = 2,65 m/sec * Wave Group Celerity

YroAoy ioUo¢ TonK®V KULATIK®V XAPaKTHNPIOTIKOV

Wave Propagation Angle
a= 45 ° * Angle of Wave Approach (wave crest pe i100Babeic)
tand = 0.05 * Mean Seabed Slope

AidBAaon kal prixwon Kupariouou

Depth T d/L L Cg Ks (] Kr Ho' Hs Hmax
(m) (sec) (m) | (m/sec) ) (m) (m)
15 3.39 0.8301 18.07 2.65 0.9997 45.35 1.0031 0.80 0.80 1.44
10 3.39 0.5570 17.95 2.68 0.9946 44,98 0.9998 0.80 0.80 1.43

8 3.39 0.4482 17.85 2.73 0.9839 44.65 0.9969 0.80 0.79 1.41

6 3.39 0.3431 17.49 2.88 0.9595 43.51 0.9874 0.79 0.76 1.36

4 3.39 0.2438 16.41 3.10 0.9237 40.24 0.9624 0.77 0.71 1.28

Notes:

* Wave heights appear at the input depths allowing for wave setup.

* Significant wav e heights near the shoreline may deviate from the calculated ones. It is proposed that shoreward of 0.5 Ho' any project is constructed with the Hs at 0.5 Ho'

T=1 £10¢

Xapakrnpiorikd kuuarioyou ora Babceid

H = 035 m * Hmo = Hy3 at deep waters (CEM 2003)

Ts = 231 sec * Ts = 0.93 Ty, (CEM 2003, BS 6349:1 - 2000, Goda 1985)
Tp = 249 sec

Lo = 836 m

tyu = 1.23 hrs * Full Spectrum Development Time

C, = 3.61 m/sec * Wave celerity

Cgo = 1.81 m/sec * Wave Group Celerity

YroAoy I1010S TONK@WV KULUATIKGV XApaKTIpIOTIKOV
Wave Propagation Angle

a= 45 ° * Angle of Wave Approach (wave crest pe 100Babeic)
tand = 0.05 * Mean Seabed Slope

Aid8Aaon kai prixworn Kuparioyou

Depth T d/L L Cg Ks ] Kr Ho' Hs Humax

(m) (sec) (m) | (m/sec) ©) (m) (m)

8 2.31 0.9500 8.42 1.81 0.9999 45.39 1.0035 0.35 0.35 0.63

6 2.31 0.7102 8.45 1.81 0.9989 45.58 1.0051 0.35 0.35 0.63

4 2.31 0.4803 8.33 1.85 0.9882 44.76 0.9979 0.35 0.35 0.62
Notes:

* Wav e heights appear at the input depths allowing for wave setup.

* Significant wav e heights near the shoreline may dev iate from the calculated ones. It is proposed that shoreward of 0.5 Ho' any project is constructed with the Hs at 0.5 Ho'
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> NoTioduTikn dielBuvon

T=75 émn
Xapakrnpiorixd kuuariopov ora fabsid
H = 141 m * Hmo = Hy3 at deep waters (CEM 2003)
Ts = 4.50 sec * Ts = 0.93 T, (CEM 2003, BS 6349:1 - 2000, Goda 1985)
T = 4.84
Lo = 31.61 m
tyu = 1.10 hrs * Full Spectrum Development Time
G = 7.03 m/sec * Wave celerity
Cgo = 3.51 m/sec * Wave Group Celerity

YoAoy 10406 TOMIK@V KUUATIKGV XOPAKTIIPIOTIKGV
Wave Propagation Angle

a= 100 ° * Angle of Wave Approach (wave crest e 100Babeig)
tand = 0.05 * Mean Seabed Slope

AidBAaon kai prixwor) Kuuariopou

Depth T d/L L Cg Ks (:] Kr Ho' Hs Hmax
(m) (sec) (m) [(m/sec) (@) (m) (m)
20 4.50 0.6305 31.72 3.53 0.9975 81.18 1.0640 1.50 1.50 2.70

15 4.50 0.4764 31.49 3.60 0.9878 78.77 0.9443 1.33 1.32 2.37

10 4.50 0.3266 30.62 3.86 0.9541 72.52 0.7604 1.07 1.02 1.84

8 4.50 0.2705 29.57 4.03 0.9333 67.12 0.6683 0.94 0.88 1.59

6 4.50 0.2159 27.79 4.19 0.9159 59.97 0.5890 0.83 0.76 1.37

4 4.50 0.1632 24.51 4.17 0.9181 49.78 0.5186 0.73 0.67 1.21

Notes:

* Wav e heights appear at the input depths allowing for wave setup.

* Significant wave heights near the shoreline may deviate from the calculated ones. It is proposed that shoreward of 0.5 Ho' any project is constructed with the Hs at 0.5 Ho'

T=1 ér0C
XapakrnpioTikd kupariouou ora Babeid
Hs = 0.76 m * Hmo = Hys at deep waters (CEM 2003)
Ts = 3.39 sec * Ts = 0.93 Ty, (CEM 2003, BS 6349:1 - 2000, Goda 1985)
T = 3.65
Lo = 1794 m
tu = 1.45 hrs * Full Spectrum Development Time
= 5.29 m/sec * Wave celerity
Cgo = 2,65 m/sec * Wave Group Celerity

YroAoy I0UOG TOMIK@V KUPATIKGOV XAPAaKTINPIOTIKOV
Wave Propagation Angle

a= 100 ° * Angle of Wave Approach (wave crest pe 100Babgic)
tand = 0.05 * Mean Seabed Slope

AidBAaon kail prixwon Kuparioyou

Depth T d/L L Cg Ks (] Kr Ho' Hs Himax
(m) (sec) (m) [(m/sec) © (m) (m)
15 3.39 0.8301 18.07 2.65 0.9997 82.69 1.1683 0.89 0.89 1.60

10 3.39 0.5580 17.92 2.67 0.9946 79.64 0.9827 0.75 0.75 1.34

8 3.39 0.4482 17.85 2.73 0.9839 78.45 0.9312 0.71 0.70 1.26

6 3.39 0.3431 17.49 2.87 0.9595 73.72 0.7870 0.60 0.58 1.04

4 3.39 0.2438 16.41 3.10 0.9237 64.23 0.6320 0.48 0.45 0.80

Notes:

* Wave heights appear at the input depths allowing for wave setup.

* Significant wav e heights near the shoreline may deviate from the calculated ones. It is proposed that shoreward of 0.5 Ho' any project is constructed with the Hs at 0.5 Ho'
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

2TATIKEC SUVONKeC (T=75 £1n):

TEYXOZ YMNOAOITZMQN

1. Wave data

Haes = 1.96'm (design wave along the quay wall face)

Loy = 2540 m (wave length along the quay wall face)

T= 4.25 sec (wawve period)

Pw= 1.025 ton/m® (specific weight of salt water)

hs = 9.00 m

h, = 5.00 m (water depth at 5 x Hs from the quay wall face)
he = 2.20m (crown of the quay wall )

B= 0° (incidence wawe angle at the quay wall face)
d= 3.50 m (water depth in front of the quay wall)

h'= 3.70 m (water depth at the quay wall toe)

hy = 5.90 m (total static height of the quay wall)

B = 5.00 m (width at the gqauy wall concrete base)

yw 10.06 kN/m®

n*= .94 m sea superelevation due to wave impact on the column face
* 2.94 ( | ion d i h | face)
a- = 0.0314

ap = 0.0314

a; = 0.68

a = 0.61

2. Pressure Diagrams

P2 = 3.16 kN/m? (pressure at the top of the concrete column)

p1= 12.55 kN/m? (pressure at the SWL regarding the wave head)

ps = 8.49 kN/m? (pressure at the column concrete base)

Pu= 8.07 kN/m? (pressure below the concrete base)

3. Calculation of resultant overturning loads (horizontal force and overturning moment)

a. Incidence of the wave head

Ry = 17.28 + 38.92 = 56.20 kN/m
force above SWL force below SWL total force
al. Forces lever arm
Force above SWL 4.58 m
Force below SWL 1.97 m
Owerturning moment : 155.79 kN.m/m
a2. Force below the base of the quay wall
Rs = 20.18 kN/m
Lever arm 3.33 m
a.2. Overturning moment
M3 = 67.27 kN.m/m
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

2EIOUIKEC JUVONKeS (T=1 £10C):

TEYXOZ YMNOAOITZMQN

1. Wave data
Hges = 0.76 “m (design wave along the quay wall face)
Loy = 10.47 m (wave length along the quay wall face)
T= 2.59 sec (wave period)
Pw = 1.025 ton/m® (specific weight of salt water)
hs = 9.00 m
h, = 5.00 m (water depth at 5 x Hs from the quay wall face)
he = 2.20 “m crown of the quay wall
y

= 0 ° (incidence wave angle at the quay wall face)
d= 3.50 m (water depth in front of the quay wall)
h'= 3.70 m (water depth at the quay wall toe)
hy = 5.90 m (total static height of the quay wall)
B= 5.00 m (width at the gqauy wall concrete base)
yw 10.06 kN/m®
2. Auxiliary parameters
n*= 1.14 m (sea superelevation due to wave impact on the column face)
a = 0.0047
a, = 0.0047
az = 0.59
ar = 0.60
2. Pressure Diagrams
P2 = 0.00 kN/m? (pressure at the top of the concrete column)
pr = 4.62 kN/m? (pressure at the SWL regarding the wave head)
ps = 2.74 kN/m? (pressure at the column concrete base)
pu= 2.72 kN/m? (pressure below the concrete base)

3. Calculation of resultant overturning loads (horizontal force and overturning moment

a. Incidence of the wave head

R = 2.63 + 13.62 = 16.25 kN/m
force above SWL force below SWL total force
ail. Forces lever arm
Force above SWL 4.08 m
Force below SWL 2.01 m
Overturning moment : 38.08 kN.m/m
a2. Force below the base of the quay wall
Rs = 6.79 kN/m
Lever arm 3.33 m
a.2. Overturning moment
M3 = 22.64 kN.m/m
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Prefab wall analysis
Input data
Settings
(input for current task)
Materials and standards
Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Wall analysis
Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Caquot-Kerisel
Earthquake analysis : Mononobe-Okabe
Shape of earth wedge : Calculate as skew
Allowable eccentricity : 0,167
Verification methodology : Safety factors (ASD)
Safety factors
Permanent design situation
Safety factor for overturning : SF, = 1,75 [-]
Safety factor for sliding resistance : SF¢ = 1,75 [-]
Safety factor for bearing capacity : SFp = 1,75 [-]
Safety factor for sliding along geo-reinforcement : SFg, = 1,75 []

Geometry of structure
Slope of wall = 0,00 °

Width = Height Offset Offs.(L) Offs.(R) Selfw. Friction Cohesion , Snear
No. bear.cap.

b[m] h[m] k[m] o4[m] o3[m] [kN/m3] [-] [kPa] Rs [kN/m]
4 500 060 000 000 000 2350 0,600 0,00 0,00
3 5,00 1,40 0,00 000 000 2350 0,500 0,00 0,00
2 5,00 1,40 0,00 000 000 2350 0,500 0,00 0,00
1 5,00 1,40 0,00 000 000 2350 - - -

Note: Blocks are ordered from bottom to the top

Soil parameters
AIOOPPINEZ

Unit weight :

Stress-state :

Angle of internal friction :
Cohesion of sail :

Angle of friction struc.-soil :
Soil :

Saturated unit weight :

Foundation

y = 17,50 kN/m3
effective

oef = 37,00°

Cef = 0,00 kPa

§ = 2460°

cohesionless
Ysat = 20,70 kKN/m3

Type of foundation : input parameters of contact base-soil

Parameters

Friction coefficient base-soil

Cohesion base-soil
Terrain profile

u = 0,60
a=20

Terrain behind the structure is flat.
Depth of terrain below the top of wall h = 4,80 m.
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Water influence
GWT behind the structure lies at a depth of -3,70 m
GWT in front of the structure lies at a depth of -3,70 m
Subgrade at the heel is not permeable.
Uplift in foot. bottom due to different pressures is not considered.
Applied forces acting on the structure
F F
No. Force . Name Action x ‘ m x ‘
new edit [kN/m]  [kN/m] [kNm/m]| [m] [m]
1 Yes Bollard (5kN/m) permanent -5,00 0,00 0,00 -4,70 -5,10
2 Yes Wave (cope) permanent -11,54 0,00 0,00 0,00 -4,90
3 Yes gag‘i ?“bmerged permanent  -10,85 000 0,00 000 -326
4  Yes Wave (T.0.2) permanent -15,11 0,00 0,00 0,00 -2,12
5 Yes \\,’VV:};’e underquay  oormanent 0,00 -20,18 0,00 -167 000
6 Yes Toixio permanent 0,00 11,53 0,00 -1,25 -4,80
7 Yes ‘Q’V‘;‘/‘I’_‘i total (@bove o manent  -17,28 000 0,00 000 -4,58
8 Yes  [Navelotal(below o onent 3892 000 000 000 -197
SWL)
Settings of the stage of construction
Design situation : permanent
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Design
[kN/m] z [m] [kN/m] X [m] coefficient
Weight - wall 0,00 -2,67 379,00 2,50 1,000
Active pressure 0,00 0,01 0,00 5,00 1,000
Water pressure 0,00 0,00 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -5,10 0,00 0,30 1,000
Wave (cope) 11,54 -4,90 0,00 5,00 0,000
Wave submerged (T.0.1) 10,85 -3,26 0,00 5,00 0,000
Wave (T.0.2) 15,11 -2,12 0,00 5,00 0,000
Wave under quay wall 0,00 0,00 -20,18 3,33 1,000
Toixio 0,00 -4,80 11,53 3,75 1,000
Wave total (above SWL) 17,28 -4,58 0,00 5,00 1,000
Wave total (below SWL) 38,92 -1,97 0,00 5,00 1,000
Verification of complete wall
Check for overturning stability
Resisting moment ~ Mg = 990,74 kKNm/m
Overturning moment Mg, = 248,51 kNm/m
Safety factor = 3,99 > 1,75
Wall for overturning is SATISFACTORY
Check for slip
Resisting horizontal force H;es = 222,21 kN/m
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

Active horizontal force Hat = 61,20 kN/m

Safety factor = 3,63 > 1,75
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Bearing capacity of foundation soil
Design load acting at the center of foothg bottom

No Moment Norm. force | Shear Force | Eccentricity Stress
’ [KNm/m] [kN/m] [kN/m] -] [kPa]
1 183,65 370,35 61,20 0,099 92,40
Service load acting at the center of footing bottom
No. Moment Norm. force = Shear Force
[kKNm/m] [kN/m] [kN/m]
1 183,65 370,35 61,20

Verification of foundation soil
Stress in the footing bottom : trapezoid

Eccentricity verification
Max. eccentricity of normal force e 0,099
Maximum allowable eccentricity egw 0,167

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom c
Bearing capacity of foundation soil Ry

Safety factor = 4,23 > 1,75
Bearing capacity of foundation soil is SATISFACTORY

118,15 kPa
500,00 kPa

Overall verification - bearing capacity of found. soil is SATISFACTORY

Dimensioning No. 1

Forces acting on construction

Name Fhor App.Pt. Fvert | App.Pt. Design
[kN/m] z [m] [kN/m] X [m] coefficient

Weight - wall 0,00 -0,30 70,50 2,50 1,000
Active pressure 0,00 4,21 0,00 5,00 1,000
Water pressure 0,00 4,20 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -0,90 0,00 0,30 1,000
Wave (cope) 11,54 -0,70 0,00 5,00 1,000
Wave submerged (T.0.1) 10,85 0,94 0,00 5,00 0,000
Wave (T.0.2) 15,11 2,08 0,00 5,00 0,000
Wave under quay wall 0,00 420 -20,18 3,33 0,000
Toixio 0,00 -0,60 11,53 3,75 1,000
Wave total (above SWL) 17,28 -0,38 0,00 5,00 0,000
Wave total (below SWL) 38,92 2,23 0,00 5,00 0,000

Verification of construction joint above the block No.: 3

Check for overturning stability
Resisting moment  M,es = 219,49 kNm/m
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

Overturning moment Mg, = 12,58 kNm/m

Safety factor = 17,45 > 1,75

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;eg = 49,22 kKN/m

Active horizontal force Hact = 16,54 kN/m

Safety factor = 2,98 > 1,75

Joint for slip is SATISFACTORY

Dimensioning No. 2

Forces acting on construction
Name Fhor App.Pt. Fvert = App.Pt. Design

[kN/m] z [m] [kN/m] X [m] coefficient

Weight - wall 0,00 -1,13 190,00 2,50 1,000
Active pressure 0,00 2,81 0,00 5,00 1,000
Water pressure 0,00 2,80 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -2,30 0,00 0,30 1,000
Wave (cope) 11,54 -2,10 0,00 5,00 0,000
Wave submerged (T.0.1) 10,85 -0,46 0,00 5,00 1,000
Wave (T.0.2) 15,11 0,68 0,00 5,00 0,000
Wave under quay wall 0,00 2,80 -20,18 3,33 0,000
Toixio 0,00 -2,00 11,53 3,75 1,000
Wave total (above SWL) 17,28 -1,78 0,00 5,00 1,000
Wave total (below SWL) 38,92 0,83 0,00 5,00 0,000

Verification of construction joint above the block No.: 2

Check for overturning stability

Resisting moment Mg = 518,25 kKNm/m

Overturning moment Mg, = 47,25 kNm/m

Safety factor = 10,97 > 1,75

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;gs = 100,77 kN/m

Active horizontal force Hat = 33,13 kN/m

Safety factor = 3,04 > 1,75

Joint for slip is SATISFACTORY

Dimensioning No. 3

Forces acting on construction
Name Fhor App.Pt. Fvert | App.Pt. Design

[kN/m] z [m] [kN/m] X [m] coefficient

Weight - wall 0,00 -1,92 284,50 2,50 1,000
Active pressure 0,00 1,41 0,00 5,00 1,000
Water pressure 0,00 1,40 0,00 5,00 1,000
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

Name Fhor App.Pt. Fvert | App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient

Bollard (5kN/m) 5,00 -3,70 0,00 0,30 1,000
Wave (cope) 11,54 -3,50 0,00 5,00 0,000
Wave submerged (T.0.1) 10,85 -1,86 0,00 5,00 1,000
Wave (T.0.2) 15,11 -0,72 0,00 5,00 1,000
Wave under quay wall 0,00 1,40 -20,18 3,33 0,000
Toixio 0,00 -3,40 11,53 3,75 1,000
Wave total (above SWL) 17,28 -3,18 0,00 5,00 1,000
Wave total (below SWL) 38,92 -0,57 0,00 5,00 0,000

Verification of construction joint above the block No.: 1

Check for overturning stability

Resisting moment Mg = 754,50 kKNm/m

Overturning moment Mg, = 104,51 kNm/m

Safety factor = 7,22 > 1,75

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;eg = 148,02 kN/m

Active horizontal force Hact = 48,24 kN/m

Safety factor = 3,07 > 1,75

Joint for slip is SATISFACTORY
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Prefab wall analysis
Input data
Settings
(input for current task)
Materials and standards
Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Wall analysis
Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Caquot-Kerisel
Earthquake analysis : Mononobe-Okabe
Shape of earth wedge : Calculate as skew
Allowable eccentricity : 0,333
Verification methodology : Safety factors (ASD)
Safety factors
Seismic design situation
Safety factor for overturning : = 1,00 []
Safety factor for sliding resistance : 1,00 []
Safety factor for bearing capacity : 1,00 [-]
Safety factor for sliding along geo-reinforcement : 1,00 [-]
Geometry of structure
Slope of wall = 0,00 °
Width Height Offset Offs.(L) Offs.(R) Self w. |Friction Cohesion S
No. bear.cap.
b[m] h[m] k[m] oq[m] oz[m] [kN/m3] [kPa] Rs [kN/m]
4 5,00 0,60 0,00 0,00 23,50 0,600 0,00 0,00
3 5,00 1,40 0,00 0,00 23,50 0,500 0,00 0,00
2 5,00 1,40 0,00 0,00 23,50 0,500 0,00 0,00
1 5,00 1,40 0,00 0,00 23,50 - - -

Note: Blocks are ordered from bottom to the top

Soil parameters

AIOOPPINEZ

Unit weight :

Stress-state :

Angle of internal friction :
Cohesion of soil :

Angle of friction struc.-soil :
Soil :

Saturated unit weight :

Foundation

y = 17,50 kN/m3
effective

Qef = 37,00°

Cef = 0,00 kPa

§ = 2460°

cohesionless
Ysat = 20,70 KN/m3

Type of foundation : input parameters of contact base-soil

Parameters

Friction coefficient base-soil p = 0,60

Cohesion base-soil
Terrain profile

= 0,00 kPa

Terrain behind the structure is flat.
Depth of terrain below the top of wall h = 4,80 m.
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Water influence
GWT behind the structure lies at a depth of -3,70 m
GWT in front of the structure lies at a depth of -3,70 m
Subgrade at the heel is not permeable.
Uplift in foot. bottom due to different pressures is not considered.
Applied forces acting on the structure
Force ) Fy F, M X z
No. Name Action
new edit [kN/m] [kN/m] [kNm/m] [m] [m]
1 Yes Bollard 10kN/m permanent  -2,50 0,00 0,00 -4,70 -5,10
2 Yes Toixio permanent 0,00 11,28 0,00 -1,25 -4,80
3 Yes gegt‘jggard permanent -1,16 0,00 000 000 -316
4 Yes  IVestergard permanent 472 0,00 0,00 000 -2,32
(T.0.2)
5  Yes \évvfl"lj total (above o manent 263 0,00 0,00 000 -4,08
6 Yes \é\’v‘;‘/‘l’_‘j total (below o manent 1362 0,00 0,00 000 -2,01
7 Yes Wave force (cope) permanent -0,83 0,00 0,00 0,00 -4,41
8 Yes E’\T’%’i) submerged o anent  -3.95 0,00 0,00 000 -326
9 Yes Wave force (T.0.2) permanent -5,33 0,00 0,00 0,00 -2,12
10 Yes  Naveforce (below o onent 000 679 000 -1,67 0,00
quay wall)
Earthquake
Factor of horizontal acceleration K;, = 0,1200
Factor of vertical acceleration Ky = 0,0720
Water below the GWT is free.
Specific gravity of soil particles Gg = 2,60.
Settings of the stage of construction
Design situation : seismic
Verification No. 1
Forces acting on construction
Name Fhor | App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient
Weight - wall 0,00 -2,67 379,00 2,50 1,000
Earthq.- constr. 67,68 -2,40 -40,61 2,50 1,000
Active pressure 0,00 0,01 0,00 5,00 1,000
Water pressure 0,00 0,00 0,00 5,00 1,000
Earthq.- act.pressure 0,00 0,00 0,00 5,00 1,000
Dynamic water pressure 9,63 -1,47 0,00 5,00 1,000
Dyn. water pressure at the front 9,63 -1,47 0,00 5,00 1,000
Bollard 10kN/m 2,50 -5,10 0,00 0,30 1,000
Toixio 0,00 -4,80 11,28 3,75 1,000
Westergard (T.0.1) 1,16 -3,16 0,00 5,00 0,000
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

Name Fhor | App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] X [m] coefficient

Westergard (T.0.2) 4,72 -2,32 0,00 5,00 0,000
Wave total (above SWL) 2,63 -4,08 0,00 5,00 1,000
Wave total (below SWL) 13,62 -2,01 0,00 5,00 1,000
Wave force (cope) 0,83 -4,41 0,00 5,00 0,000
Wave submerged (T.0.1) 3,95 -3,26 0,00 5,00 0,000
Wave force (T.0.2) 5,33 -2,12 0,00 5,00 0,000
Wave force (below quay wall) 0,00 0,00 -6,79 3,33 1,000

Verification of complete wall

Check for overturning stability
Resisting moment Mg = 888,28 kNm/m

Overturning moment Mg, = 264,30 kNm/m

Safety factor = 3,36 > 1,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force H;es = 205,73 kN/m

Active horizontal force Hact = 105,70 kN/m

Safety factor = 1,95 > 1,00
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Bearing capacity of foundation soil
Design load acting at the center of footing bottom

No. Moment Norm. force = Shear Force Eccentricity = Stress
[kNm/m] [kN/m] [kN/m] [-] [kPa]
1 233,23 342,88 105,70 0,136 94,21
Service load acting at the center of footing bottom
No. Moment Norm. force Shear Force
[kNm/m] [kN/m] [kN/m]
1 233,23 342,88 105,70

Verification of foundation soil
Stress in the footing bottom : trapezoid

Eccentricity verification
Max. eccentricity of normal force e 0,136
Maximum allowable eccentricity egw 0,333

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom c
Bearing capacity of foundation soil Ry

Safety factor = 6,02 > 1,00
Bearing capacity of foundation soil is SATISFACTORY

124,55 kPa
750,00 kPa

Overall verification - bearing capacity of found. soil is SATISFACTORY
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Dimensioning No. 1

Forces acting on construction
Name Fhor | App.Pt.  Fyert App.Pt. Design

[kN/m] | z[m] [kN/m] X [m] coefficient

Weight - wall 0,00 -0,30 70,50 2,50 1,000
Earthq.- constr. 8,46 -0,30 -5,08 2,50 1,000
Active pressure 0,00 4,21 0,00 5,00 1,000
Water pressure 0,00 4,20 0,00 5,00 1,000
Earthq.- act.pressure 0,00 4,20 0,00 5,00 1,000
Dynamic water pressure 9,63 2,73 0,00 5,00 0,000
Dyn. water pressure at the front 9,63 2,73 0,00 5,00 0,000
Bollard 10kN/m 2,50 -0,90 0,00 0,30 1,000
Toixio 0,00 -0,60 11,28 3,75 1,000
Westergard (T.0.1) 1,16 1,04 0,00 5,00 0,000
Westergard (T.0.2) 4,72 1,88 0,00 5,00 0,000
Wave total (above SWL) 2,63 0,12 0,00 5,00 0,000
Wave total (below SWL) 13,62 2,19 0,00 5,00 0,000
Wave force (cope) 0,83 -0,21 0,00 5,00 1,000
Wave submerged (T.0.1) 3,95 0,94 0,00 5,00 0,000
Wave force (T.0.2) 5,33 2,08 0,00 5,00 0,000
Wave force (below quay wall) 0,00 4,20 -6,79 3,33 0,000

Verification of construction joint above the block No.: 3

Check for overturning stability

Resisting moment Mg = 205,86 kKNm/m

Overturning moment Mg, = 4,96 kNm/m

Safety factor = 41,49 > 1,00

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;gg = 46,02 kKN/m

Active horizontal force Hact = 11,79 kN/m

Safety factor = 3,90 > 1,00

Joint for slip is SATISFACTORY

Dimensioning No. 2

Forces acting on construction
Name Fhor | App.Pt. Fvert | App.Pt. Design

[kN/m] z [m] [kN/m] x[m] coefficient

Weight - wall 0,00 -1,13 190,00 2,50 1,000
Earthq.- constr. 28,20 -1,00 -16,92 2,50 1,000
Active pressure 0,00 2,81 0,00 5,00 1,000
Water pressure 0,00 2,80 0,00 5,00 1,000
Earthq.- act.pressure 0,00 2,80 0,00 5,00 1,000
Dynamic water pressure 9,63 1,33 0,00 5,00 0,000
Dyn. water pressure at the front 9,63 1,33 0,00 5,00 0,000
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Name Fhor | App.Pt. Fvert | App.Pt. Design
[kN/m] z [m] [kN/m] x[m] @ coefficient

Bollard 10kN/m 2,50 -2,30 0,00 0,30 1,000
Toixio 0,00 -2,00 11,28 3,75 1,000
Westergard (T.O.1) 1,16 -0,36 0,00 5,00 2,000
Westergard (T.0.2) 4,72 0,48 0,00 5,00 0,000
Wave total (above SWL) 2,63 -1,28 0,00 5,00 1,000
Wave total (below SWL) 13,62 0,79 0,00 5,00 0,000
Wave force (cope) 0,83 -1,61 0,00 5,00 0,000
Wave submerged (T.0.1) 3,95 -0,46 0,00 5,00 1,000
Wave force (T.0.2) 5,33 0,68 0,00 5,00 0,000
Wave force (below quay wall) 0,00 2,80 -6,79 3,33 0,000

Verification of construction joint above the block No.: 2

Check for overturning stability
Resisting moment Mg = 475,01 kKNm/m

Overturning moment Mg, = 39,97 kNm/m

Safety factor = 11,88 > 1,00
Joint for overturning stability is SATISFACTORY

Check for slip
Resisting horizontal force H;eg = 92,18 kKN/m

Active horizontal force Hact = 39,60 kN/m

Safety factor = 2,33 > 1,00

Joint for slip is SATISFACTORY

Dimensioning No. 3

Forces acting on construction
Name Fhor App.Pt. Fvert App.Pt. Design

[kN/m] z [m] [kN/m] x [m] coefficient

Weight - wall 0,00 -1,92 284,50 2,50 1,000
Earthq.- constr. 47,94 -1,70 -28,76 2,50 1,000
Active pressure 0,00 1,41 0,00 5,00 1,000
Water pressure 0,00 1,40 0,00 5,00 1,000
Earthq.- act.pressure 0,00 1,40 0,00 5,00 1,000
Dynamic water pressure 9,63 -0,07 0,00 5,00 0,000
Dyn. water pressure at the front 9,63 -0,07 0,00 5,00 0,000
Bollard 10kN/m 2,50 -3,70 0,00 0,30 1,000
Toixio 0,00 -3,40 11,28 3,75 1,000
Westergard (T.0.1) 1,16 -1,76 0,00 5,00 0,000
Westergard (T.0.2) 4,72 -0,92 0,00 5,00 2,000
Wave total (above SWL) 2,63 -2,68 0,00 5,00 1,000
Wave total (below SWL) 13,62 -0,61 0,00 5,00 0,000
Wave force (cope) 0,83 -3,01 0,00 5,00 0,000
Wave submerged (T.0.1) 3,95 -1,86 0,00 5,00 1,000
Wave force (T.0.2) 5,33 -0,72 0,00 5,00 1,000
Wave force (below quay wall) 0,00 1,40 -6,79 3,33 0,000
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Verification of construction joint above the block No.: 1

Check for overturning stability
Resisting moment Mg = 681,65 kKNm/m
Overturning moment Mg, = 117,67 kNm/m

Safety factor = 5,79 > 1,00
Joint for overturning stability is SATISFACTORY

Check for slip
Resisting horizontal force Heg

Active horizontal force Hact

133,51 kN/m
71,79 kN/m

Safety factor = 1,86 > 1,00
Joint for slip is SATISFACTORY

TEYXOZ YMNOAOITZMQN
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Prefab wall analysis
Input data
Settings
(input for current task)
Materials and standards
Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Wall analysis
Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Caquot-Kerisel
Earthquake analysis : Mononobe-Okabe
Shape of earth wedge : Calculate as skew
Allowable eccentricity : 0,167
Verification methodology : Safety factors (ASD)
Safety factors
Accidental design situation
Safety factor for overturning : SF, = 1,00 [-]
Safety factor for sliding resistance SF¢ = 1,00 [-]
Safety factor for bearing capacity : SFp = 1,00 [-]
Safety factor for sliding along geo-reinforcement : SFg, = 1,00 [-]

Geometry of structure
Slope of wall = 0,00 °

Width Height Offset Offs.(L) Offs.(R) Selfw. Friction Cohesion , Snear
No. bear.cap.

b[m] h[m] k[m] oq[m] o3[m] [kN/m3] [kPa]  Rs[kN/m]
4 500 060 0,00 000 000 2350 0,600 0,00 0,00
3 500 140 0,00 000 000 2350 0,500 0,00 0,00
2 500 140 0,00 000 000 2350 0,500 0,00 0,00
1 500 140 0,00 000 000 2350 - - -

Note: Blocks are ordered from bottom to the top

Soil parameters

AIOOPPINEZ

Unit weight : y = 17,50 kN/m3
Stress-state : effective

Angle of internal friction : eef = 37,00°
Cohesion of soil : Cef = 0,00 kPa
Angle of friction struc.-soil : § = 2460°

Soil : cohesionless
Saturated unit weight : Ysat = 20,70 kN/m3
Foundation

Type of foundation : input parameters of contact base-soil
Parameters

Friction coefficient base-soil p = 0,60

Cohesion base-soil a = 0,00 kPa

Terrain profile
Terrain behind the structure is flat.

Depth of terrain below the top of wall h = 4,80 m.
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Water influence

GWT behind the structure lies at a depth of -3,70 m

GWT in front of the structure lies at a depth of -3,70 m

Subgrade at the heel is not permeable.

Uplift in foot. bottom due to different pressures is not considered.

Applied forces acting on the structure

Force . Fx F, M X z
No. . Name Action
new edit [kN/m] [kN/m] [kNm/m] [m] [m]
1 Yes Bollard (5kN/m) permanent -5,00 0,00 0,00 -4,70 -5,10
2 Yes Toixio permanent 0,00 11,53 0,00 -1,25 -4,80
3 Yes Fender permanent -15,00 0,00 0,00 0,00 -4,50
Settings of the stage of construction
Design situation : accidental
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient
Weight - wall 0,00 -2,67 379,00 2,50 1,000
Active pressure 0,00 0,01 0,00 5,00 1,000
Water pressure 0,00 0,00 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -5,10 0,00 0,30 1,000
Toixio 0,00 -4,80 11,53 3,75 1,000
Fender 15,00 -4,50 0,00 5,00 1,000
Verification of complete wall
Check for overturning stability
Resisting moment Mes = 990,74 kKNm/m
Overturning moment Mg, = 93,00 kNm/m
Safety factor = 10,65 > 1,00
Wall for overturning is SATISFACTORY
Check for slip
Resisting horizontal force H;es = 234,32 kN/m
Active horizontal force Hat = 20,00 kN/m
Safety factor = 11,72 > 1,00
Wall for slip is SATISFACTORY
Overall check - WALL is SATISFACTORY
Bearing capacity of foundation soil
Design load acting at the center of footing bottom
No Moment Norm. force | Shear Force | Eccentricity Stress
' [kNm/m] [kN/m] [kN/m] [-] [kPa]
1 78,59 390,53 20,00 0,040 84,94

Service load acting at the center of footing bottom
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No Moment Norm. force Shear Force
’ [kNm/m] [kN/m] [kN/m]
1 78,59 390,53 20,00

Verification of foundation soil
Stress in the footing bottom : trapezoid

Eccentricity verification
Max. eccentricity of normal force e
Maximum allowable eccentricity egw

0,040
0,167

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom c = 96,97 kPa
Bearing capacity of foundation soil Ry 500,00 kPa

Safety factor = 5,16 > 1,00
Bearing capacity of foundation soil is SATISFACTORY

Overall verification - bearing capacity of found. soil is SATISFACTORY

Dimensioning No. 1

Forces acting on construction

Name Fhor App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient

Weight - wall 0,00 -0,30 70,50 2,50 1,000
Active pressure 0,00 4,21 0,00 5,00 1,000
Water pressure 0,00 4,20 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -0,90 0,00 0,30 1,000
Toixio 0,00 -0,60 11,53 3,75 1,000
Fender 15,00 -0,30 0,00 5,00 1,000

Verification of construction joint above the block No.: 3

Check for overturning stability
Resisting moment Mg = 219,49 kKNm/m

Overturning moment Mg, = 9,00 kNm/m

Safety factor = 24,39 > 1,00
Joint for overturning stability is SATISFACTORY

Check for slip
Resisting horizontal force H;gg = 49,22 kKN/m

Active horizontal force Hact = 20,00 kN/m

Safety factor = 2,46 > 1,00

Joint for slip is SATISFACTORY

Dimensioning No. 2

Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Design

[kN/m] z [m] [kN/m] x [m] coefficient

Weight - wall 0,00 -1,13 190,00 2,50 1,000
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Name Fhor App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient

Active pressure 0,00 2,81 0,00 5,00 1,000
Water pressure 0,00 2,80 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -2,30 0,00 0,30 1,000
Toiyio 0,00 -2,00 11,53 3,75 1,000
Fender 15,00 -1,70 0,00 5,00 1,000

Verification of construction joint above the block No.: 2

Check for overturning stability

Resisting moment Mg = 518,25 kKNm/m

Overturning moment Mg, = 37,00 kNm/m

Safety factor = 14,01 > 1,00

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;gs = 100,77 kN/m

Active horizontal force Hact = 20,00 kN/m

Safety factor = 5,04 > 1,00

Joint for slip is SATISFACTORY

Dimensioning No. 3

Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Design

[kN/m] z [m] [kN/m] X [m] coefficient

Weight - wall 0,00 -1,92 284,50 2,50 1,000
Active pressure 0,00 1,41 0,00 5,00 1,000
Water pressure 0,00 1,40 0,00 5,00 1,000
Bollard (5kN/m) 5,00 -3,70 0,00 0,30 1,000
Toixio 0,00 -3,40 11,53 3,75 1,000
Fender 15,00 -3,10 0,00 5,00 1,000

Verification of construction joint above the block No.: 1

Check for overturning stability
Resisting moment  M,es = 754,50 kNm/m

Overturning moment Mg, = 65,00 kNm/m

Safety factor = 11,61 > 1,00

Joint for overturning stability is SATISFACTORY

Check for slip
Resisting horizontal force H;os = 148,02 kN/m

Active horizontal force Hact 20,00 kN/m

Safety factor = 7,40 > 1,00
Joint for slip is SATISFACTORY
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Prefab wall analysis

Input data
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard

Wall analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe
Shape of earth wedge : Calculate as skew
Allowable eccentricity : 0,167
Verification methodology : Safety factors (ASD)
Safety factors
Permanent design situation
Safety factor for overturning : SFo= 1,75 []
Safety factor for sliding resistance : SFg= 1,75 [-]
Safety factor for bearing capacity : SFp= 1,75 []
Safety factor for sliding along geo-reinforcement : SFg, = 1,75 [H]

Geometry of structure
Slope of wall = 0,00 °

Width Height Offset Offs.(L) Offs.(R) Self w. Friction| Cohesion | Shear bear.cap.

1 5,00 1,40 0,00 0,00 0,00 23,50 - -

b[m] h[m] k[m] o4[m] o3[m] [kN/m3] [-] [kPa] Rs [kN/m]
4 5,00 0,60 0,00 0,00 0,00 48,00 0,600 0,00 0,00
3 5,00 1,40 0,00 0,00 0,00 23,50 0,500 0,00 0,00
2 5,00 1,40 0,00 0,00 0,00 2350 0,500 0,00 0,00

Note: Blocks are ordered from bottom to the top

Soil parameters

AIOOPPINEZX

Unit weight : y = 17,50 kN/m3
Stress-state : effective

Angle of internal friction : eef = 37,00°
Cohesion of soil : Cef = 0,00 kPa
Angle of friction struc.-soil : § = 2460°

Soil : cohesionless
Saturated unit weight : Ysat = 20,70 kN/m3
Foundation

Type of foundation : input parameters of contact base-soil
Parameters
Friction coefficient base-soil p = 0,60
Cohesion base-soil a=20

Terrain profile

Terrain behind the structure is flat.
Depth of terrain below the top of wall h = 4,80 m.
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Water influence
GWT behind the structure lies at a depth of -3,70 m
GWT in front of the structure lies at a depth of -3,70 m
Subgrade at the heel is not permeable.
Uplift in foot. bottom due to different pressures is not considered.
Applied forces acting on the structure
F F
No. Force- Name Action x ‘ m x ‘
new |edit [kN/m] | [kN/m] [kNm/m] [m] [m]
1 Yes Wave (cope) permanent -11,54 0,00 0,00 0,00 -4,90
2 Yes \(’¥age1§”bmerged permanent -10,85 0,00 0,00 000 -326
3 Yes Wave (T.0.2) permanent -15,11 0,00 0,00 0,00 -212
4 Yes ~ Weveunderaudy permanent 000 -2018 0,00 -167 0,00
5 Yes Toixio permanent 0,00 11,53 0,00 -1,25 -4,80
6 Yes \évv";‘/‘l’_‘i total (above o manent  -17.28 0,00 0,00 000 -458
7 Yes  Navetotal(below o nent -3892 000 000 000 -197
SWL)
Settings of the stage of construction
Design situation : permanent
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fyert App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient
Weight - wall 0,00 -2,97 452,50 2,50 1,000
Active pressure 0,00 0,01 0,00 5,00 1,000
Water pressure 0,00 0,00 0,00 5,00 1,000
Wave (cope) 11,54 -4,90 0,00 5,00 0,000
Wave submerged (T.0.1) 10,85 -3,26 0,00 5,00 0,000
Wave (T.0.2) 15,11 -2,12 0,00 5,00 0,000
Wave under quay wall 0,00 0,00 -20,18 3,33 1,000
Toixio 0,00 -4,80 11,53 3,75 1,000
Wave total (above SWL) 17,28 -4,58 0,00 5,00 1,000
Wave total (below SWL) 38,92 -1,97 0,00 5,00 1,000

Verification of complete wall
Check for overturning stability

Resisting moment  M,es = 1174,49 kNm/m
Overturning moment Mg, = 223,01 KNm/m

Safety factor = 5,27 > 1,75

Wall for overturning is SATISFACTORY

Check for slip

Resisting horizontal force H;os = 266,31 kN/m

Active horizontal force Hact

Safety factor = 4,74 > 1,75

56,20 kN/m
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Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Bearing capacity of foundation soil
Design load acting at the center of footing bottom

No. Moment | Norm. force | Shear Force @ Eccentricity Stress
[kNm/m] [kN/m] [kN/m] [-] [kPa]
1 158,15 443,85 56,20 0,071 103,53
Service load acting at the center of footing bottom
No. Moment Norm. force | Shear Force
[kNm/m] [kN/m] [kN/m]
1 158,15 443,85 56,20

Verification of foundation soil
Stress in the footing bottom : trapezoid

Eccentricity verification
Max. eccentricity of normal force e
Maximum allowable eccentricity egw

0,071
0,167

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom c
Bearing capacity of foundation soil Ry

Safety factor = 3,95 > 1,75
Bearing capacity of foundation soil is SATISFACTORY

126,73 kPa
500,00 kPa

Overall verification - bearing capacity of found. soil is SATISFACTORY

Dimensioning No. 1
Forces acting on construction

Name Fhor App.Pt. Fvert | App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient

Weight - wall 0,00 -0,30 144,00 2,50 1,000
Active pressure 0,00 4,21 0,00 5,00 1,000
Water pressure 0,00 4,20 0,00 5,00 1,000
Wave (cope) 11,54 -0,70 0,00 5,00 1,000
Wave submerged (T.0.1) 10,85 0,94 0,00 5,00 0,000
Wave (T.0.2) 15,11 2,08 0,00 5,00 0,000
Wave under quay wall 0,00 4,20 -20,18 3,33 0,000
Toixio 0,00 -0,60 11,53 3,75 1,000
Wave total (above SWL) 17,28 -0,38 0,00 5,00 0,000
Wave total (below SWL) 38,92 2,23 0,00 5,00 0,000

Verification of construction joint above the block No.: 3
Check for overturning stability

Resisting moment  M,es = 403,24 kNm/m

Overturning moment Mg, = 8,08 kNm/m

Safety factor = 49,92 > 1,75
Joint for overturning stability is SATISFACTORY
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Check for slip

Resisting horizontal force H;es = 93,32 kN/m

Active horizontal force Hact = 11,54 kKN/m

Safety factor = 8,09 > 1,75

Joint for slip is SATISFACTORY

Dimensioning No. 2

Forces acting on construction
Name Fhor | App.Pt. Fvert | App.Pt. Design

[kN/m] z[m] [kN/m] x [m] @ coefficient

Weight - wall 0,00 -1,29 263,50 2,50 1,000
Active pressure 0,00 2,81 0,00 5,00 1,000
Water pressure 0,00 2,80 0,00 5,00 1,000
Wave (cope) 11,54 -2,10 0,00 5,00 0,000
Wave submerged (T.0.1) 10,85 -0,46 0,00 5,00 1,000
Wave (T.0.2) 15,11 0,68 0,00 5,00 0,000
Wave under quay wall 0,00 2,80 -20,18 3,33 0,000
Toixio 0,00 -2,00 11,53 3,75 1,000
Wave total (above SWL) 17,28 -1,78 0,00 5,00 1,000
Wave total (below SWL) 38,92 0,83 0,00 5,00 0,000

Verification of construction joint above the block No.: 2

Check for overturning stability

Resisting moment Mg = 702,00 KNm/m

Overturning moment Mg, = 35,75 kNm/m

Safety factor = 19,64 > 1,75

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;eg = 137,52 kN/m

Active horizontal force Hact = 28,13 kN/m

Safety factor = 4,89 > 1,75

Joint for slip is SATISFACTORY

Dimensioning No. 3

Forces acting on construction
Name Fhor = App.Pt. Fvert | App.Pt. Design

[kN/m] z [m] [kN/m] x [m] | coefficient

Weight - wall 0,00 -2,16 358,00 2,50 1,000
Active pressure 0,00 1,41 0,00 5,00 1,000
Water pressure 0,00 1,40 0,00 5,00 0,000
Wave (cope) 11,54 -3,50 0,00 5,00 0,000
Wave submerged (T.0.1) 10,85 -1,86 0,00 5,00 1,000
Wave (T.0.2) 15,11 -0,72 0,00 5,00 1,000
Wave under quay wall 0,00 1,40 -20,18 3,33 0,000
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Name Fhor | App.Pt. Fvert | App.Pt. Design
[kN/m] z [m] [kN/m] x [m] |coefficient
Toixio 0,00 -3,40 11,53 3,75 1,000
Wave total (above SWL) 17,28 -3,18 0,00 5,00 1,000
Wave total (below SWL) 38,92 -0,57 0,00 5,00 0,000

Verification of construction joint above the block No.: 1
Check for overturning stability

Resisting moment  M,es = 938,25 kNm/m

Overturning moment Mg, = 86,01 kNm/m

Safety factor = 10,91 > 1,75
Joint for overturning stability is SATISFACTORY

Check for slip
Resisting horizontal force H;es =

Active horizontal force Hact

184,77 kN/m
43,24 kN/m

Safety factor = 4,27 > 1,75
Joint for slip is SATISFACTORY
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Prefab wall analysis

Input data
Settings

(input for current task)
Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard

Wall analysis

Active earth pressure calculation :  Coulomb
Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe
Shape of earth wedge : Calculate as skew
Allowable eccentricity : 0,333
Verification methodology : Safety factors (ASD)
Safety factors
Seismic design situation
Safety factor for overturning : SFo,= 1,00 []
Safety factor for sliding resistance : SFs= 1,00 []
Safety factor for bearing capacity : SFp,= 1,00 [-]
Safety factor for sliding along geo-reinforcement : SFg,= 1,00 [-]

Geometry of structure
Slope of wall = 0,00 °

Width Height Offset Offs.(L) Offs.(R) Self w. Friction Cohesion Shear bear.cap.

1 5,00 1,40 0,00 0,00 0,00 23,50 - -

b[m] h[m] k[m] oq[m] o2[m] [kN/m3] [-] [kPa] Rs [kN/m]
4 500 0,60 0,00 0,00 0,00 48,00 0,600 0,00 0,00
3 500 1,40 0,00 0,00 0,00 2350 0,500 0,00 0,00
2 500 1,40 0,00 0,00 0,00 23,50 0,500 0,00 0,00

Note: Blocks are ordered from bottom to the top

Soil parameters

AIOOPPINEZ

Unit weight : y = 17,50 kN/m3
Stress-state : effective

Angle of internal friction : eef = 37,00°
Cohesion of soil : Cef = 0,00 kPa
Angle of friction struc.-soil : 8§ = 2460°

Sail : cohesionless
Saturated unit weight : Ysat = 20,70 kKN/m3
Foundation

Type of foundation : input parameters of contact base-soil
Parameters

Friction coefficient base-soil p = 0,60

Cohesion base-soil a = 0,00 kPa

Terrain profile

Terrain behind the structure is flat.
Depth of terrain below the top of wall h = 4,80 m.
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Water influence
GWT behind the structure lies at a depth of -3,70 m
GWT in front of the structure lies at a depth of -3,70 m
Subgrade at the heel is not permeable.
Uplift in foot. bottom due to different pressures is not considered.
Applied forces acting on the structure
Force . Fy F, M X z
. Name Action
new |edit [kN/m]  [kN/m] [kNm/m] [m] [m]
1 Yes Toixio permanent 0,00 11,28 0,00 -1,25 -4,80
2 Yes  Vestergard permanent  -1,16 000 000 000  -316
(T.0.1)
3 Yes  |Vestergard permanent  -472 000 000 000 -2,32
(T.0.2)
4 Yes \éVV?/\S fotal (above o manent 263 0,00 0,00 000 -408
5 Yes \évv";‘/‘l’_‘i total (below o anent -1362 0,00 0,00 000 -2,01
6 Yes Wave force (cope) permanent -0,83 0,00 0,00 0,00 -4,41
7 Yes \(’¥ao"e1) submerged o ormanent -395 000 000 000 -3,26
8 Yes Wave force (T.0.2) permanent -5,33 0,00 0,00 0,00 -2,12
9 Yes  (Naveforce(below .o anent 000 679 000 -167 0,00
quay wall)
Earthquake
Factor of horizontal acceleration K;, = 0,1200
Factor of vertical acceleration Ky = 0,0720
Water below the GWT is free.
Specific gravity of soil particles Gg = 2,60.
Settings of the stage of construction
Design situation : seismic
Verification No. 1
Forces acting on construction
Name Fhor App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] x [m] coefficient
Weight - wall 0,00 -2,97 452,50 2,50 1,000
Earthq.- constr. 76,50 -2,64 -45,90 2,50 1,000
Active pressure 0,00 0,01 0,00 5,00 1,000
Water pressure 0,00 0,00 0,00 5,00 1,000
Earthq.- act.pressure 0,00 0,00 0,00 5,00 1,000
Dynamic water pressure 9,63 -1,47 0,00 5,00 1,000
Dyn. water pressure at the front 9,63 -1,47 0,00 5,00 1,000
Toixio 0,00 -4,80 11,28 3,75 1,000
Westergard (T.0.1) 1,16 -3,16 0,00 5,00 0,000
Westergard (T.0.2) 4,72 -2,32 0,00 5,00 0,000
Wave total (above SWL) 2,63 -4,08 0,00 5,00 1,000
Wave total (below SWL) 13,62 -2,01 0,00 5,00 1,000
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Name Fhor App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] X [m] coefficient
Wave force (cope) 0,83 -4,41 0,00 5,00 0,000
Wave submerged (T.0.1) 3,95 -3,26 0,00 5,00 0,000
Wave force (T.0.2) 5,33 -2,12 0,00 5,00 0,000
Wave force (below quay wall) 0,00 0,00 -6,79 3,33 1,000

Verification of complete wall

Check for overturning stability

Resisting moment Mg = 1058,80 kNm/m
Overturning moment Mgy, = 291,24 kKNm/m

Safety factor = 3,64 > 1,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heg

Active horizontal force Hact

246,65 kN/m
112,02 kN/m

Safety factor = 2,20 > 1,00
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Bearing capacity of foundation soil
Design load acting at the center of footian bottom

No. Moment Norm. force Shear Force Eccentricity Stress
[kNm/m] [kN/m] [kN/m] [-] [kPa]
1 260,17 411,09 112,02 0,127 110,09
Service load acting at the center of footing bottom
No. Moment Norm. force Shear Force
[kNm/m] [kN/m] [kN/m]
1 260,17 411,09 112,02

Verification of foundation soil
Stress in the footing bottom : trapezoid

Eccentricity verification
Max. eccentricity of normal force e 0,127
Maximum allowable eccentricity egw 0,333

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom c
Bearing capacity of foundation soil Ry

Safety factor = 5,18 > 1,00
Bearing capacity of foundation soil is SATISFACTORY

144,66 kPa
750,00 kPa

Overall verification - bearing capacity of found. soil is SATISFACTORY
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Dimensioning No. 1

Forces acting on construction
Name Fhor | App.Pt. Fyert = App.Pt. Design

[kN/m] z[m] @ [kN/m] X [m] coefficient

Weight - wall 0,00 -0,30 144,00 2,50 1,000
Earthq.- constr. 17,28 -0,30 -10,37 2,50 1,000
Active pressure 0,00 4,21 0,00 5,00 1,000
Water pressure 0,00 4,20 0,00 5,00 1,000
Earthq.- act.pressure 0,00 4,20 0,00 5,00 1,000
Dynamic water pressure 9,63 2,73 0,00 5,00 0,000
Dyn. water pressure at the front 9,63 2,73 0,00 5,00 0,000
Toixio 0,00 -0,60 11,28 3,75 1,000
Westergard (T.0.1) 1,16 1,04 0,00 5,00 0,000
Westergard (T.0.2) 4,72 1,88 0,00 5,00 0,000
Wave total (above SWL) 2,63 0,12 0,00 5,00 0,000
Wave total (below SWL) 13,62 2,19 0,00 5,00 0,000
Wave force (cope) 0,83 -0,21 0,00 5,00 1,000
Wave submerged (T.0.1) 3,95 0,94 0,00 5,00 0,000
Wave force (T.0.2) 5,33 2,08 0,00 5,00 0,000
Wave force (below quay wall) 0,00 4,20 -6,79 3,33 0,000

Verification of construction joint above the block No.: 3

Check for overturning stability

Resisting moment Mg = 376,38 kKNm/m

Overturning moment Mgy, = 5,36 kNm/m

Safety factor = 70,25 > 1,00

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;eg = 86,95 kKN/m

Active horizontal force Haet = 18,11 kN/m

Safety factor = 4,80 > 1,00

Joint for slip is SATISFACTORY

Dimensioning No. 2

Forces acting on construction
Name Fhor App.Pt. Fvert App.Pt. Design

[kN/m] z [m] [kN/m] X [m] coefficient

Weight - wall 0,00 -1,29 263,50 2,50 1,000
Earthq.- constr. 37,02 -1,17 -22,21 2,50 1,000
Active pressure 0,00 2,81 0,00 5,00 1,000
Water pressure 0,00 2,80 0,00 5,00 1,000
Earthq.- act.pressure 0,00 2,80 0,00 5,00 1,000
Dynamic water pressure 9,63 1,33 0,00 5,00 0,000
Dyn. water pressure at the front 9,63 1,33 0,00 5,00 0,000
Toixio 0,00 -2,00 11,28 3,75 1,000
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Name Fhor App.Pt. Fvert App.Pt. Design
[kN/m] z [m] [kN/m] X [m] coefficient

Westergard (T.0.1) 1,16 -0,36 0,00 5,00 2,000
Westergard (T.0.2) 4,72 0,48 0,00 5,00 0,000
Wave total (above SWL) 2,63 -1,28 0,00 5,00 1,000
Wave total (below SWL) 13,62 0,79 0,00 5,00 0,000
Wave force (cope) 0,83 -1,61 0,00 5,00 0,000
Wave submerged (T.0.1) 3,95 -0,46 0,00 5,00 1,000
Wave force (T.0.2) 5,33 0,68 0,00 5,00 0,000
Wave force (below quay wall) 0,00 2,80 -6,79 3,33 0,000

Verification of construction joint above the block No.: 2

Check for overturning stability

Resisting moment Mg = 645,53 kNm/m

Overturning moment Mg, = 49,21 kNm/m

Safety factor = 13,12 > 1,00

Joint for overturning stability is SATISFACTORY

Check for slip

Resisting horizontal force H;es = 126,29 kN/m

Active horizontal force Hact = 45,92 kKN/m

Safety factor = 2,75 > 1,00

Joint for slip is SATISFACTORY

Dimensioning No. 3

Forces acting on construction
Name Fhor App.Pt. Fvert App.Pt. Design

[kN/m] z [m] [kN/m] X [m] coefficient

Weight - wall 0,00 -2,16 358,00 2,50 1,000
Earthq.- constr. 56,76 -1,92 -34,06 2,50 1,000
Active pressure 0,00 1,41 0,00 5,00 1,000
Water pressure 0,00 1,40 0,00 5,00 1,000
Earthq.- act.pressure 0,00 1,40 0,00 5,00 1,000
Dynamic water pressure 9,63 -0,07 0,00 5,00 0,000
Dyn. water pressure at the front 9,63 -0,07 0,00 5,00 0,000
Toixio 0,00 -3,40 11,28 3,75 1,000
Westergard (T.0.1) 1,16 -1,76 0,00 5,00 0,000
Westergard (T.0.2) 4,72 -0,92 0,00 5,00 2,000
Wave total (above SWL) 2,63 -2,68 0,00 5,00 1,000
Wave total (below SWL) 13,62 -0,61 0,00 5,00 0,000
Wave force (cope) 0,83 -3,01 0,00 5,00 0,000
Wave submerged (T.0.1) 3,95 -1,86 0,00 5,00 1,000
Wave force (T.0.2) 5,33 -0,72 0,00 5,00 1,000
Wave force (below quay wall) 0,00 1,40 -6,79 3,33 0,000

Verification of construction joint above the block No.: 1

Check for overturning stability

Resisting moment Mg = 852,17 kKNm/m
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Overturning moment Mg, = 135,76 kNm/m

Safety factor = 6,28 > 1,00
Joint for overturning stability is SATISFACTORY

Check for slip
Resisting horizontal force H;eg = 167,61 kN/m

Active horizontal force Hact 78,11 kN/m

Safety factor = 2,15 > 1,00
Joint for slip is SATISFACTORY

TEYXOZ YMNOAOITZMQN
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

TEYXOZ YMNOAOITZMQN

MAoio Zxediacpou

Length (m) 15
Beam (Bs) (m) 4.9
Draft (Ts) (m) 1.3

YnoAoyiopog Ioxuog kai AlapéTpou Mponélag (Motorboat/Sailing boat)

428
I:’main (kW) 856.0
Dy, main 1.00
Ynoloyiopog Taxurnrag NepoU and Tnv MponéAa
C 1.48 free propellers
} 1.17 ducted propellers
fo 0.1 5%-15%
Pw 1.025 ton/m?
Vo (m/s) 6.37 free propellers
5.04 ducted propellers

Ynoloy iopog MuBpevikng TaxuTnrag German Approach Fuehrer Romisch & Engelke 1981

0.71 seaborne vessels with rudder
Etwin 0.42 seaborne vessels without rudder
0.25 inland vessels with tummel stern and twin rudder configuration
Draft (m) 1.3 "EpgpopTo BuUBiopa
Depth (m) 3.5 BaBog and Tov nubuéva
Keel Clearance 2.2
hp = ht 2.7
Vb, max 1.68
OR
0.42 seaborne vessels with twin propeller configuration and central
rudder
Etwin
0.52 seaborne vessels with twin propeller configuration and twin
rudder
Vb, max 2.522
Dutch Approach Blaauw &Van de Kaa (1978) and Verheij (1983)
C 0.216 non-ducted propellers
0.306 ducted propellers
Vb, max 0.72
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNMOAOIZMQN
YnoAoy iop6g MNMayoug NMAdakag MNodog Pilarczyk
Dh= 0.200 m nayog oTolxeiou Bwpdkiong
= 35 m TOMIKO BABOG
Ub= 252 nuBpevikn TaxUuTnTa peUpaTog
WYer = 0.07 MNapépetpocg Shields yia blockmats
g= 9.81 m/sec Enayxuvon BapltnTag
A= 1.203 SXETIKN, unod avwon, NukvoTTa povadiaiou aTolxEiou
npooTaaciag
n=_ 0.000 nopodeg
Ps 2.35 ton/m®>  TMukvdTnTa oTOIXEIOU NPOOTATIAG
pw = 1.025 ton/m*>  TukvoTnTa Bakaccivol vepol
SXETIKN, UNO Avwor, NUKVOTNTA OTOIXEIOU NPooTaAdiag
Am 1.293
®sc = 0.600 OUVTEAEOTNG €UOTABEIAC yia matress 0.5-0.75
10) 90.0 ° yowvia TpIBnG oToixeiou Bwpakiong (concrete mattress)
a= 00 ° lwvia Npavolg npooTaoiag a:
Ks = 1.0 OUVTEAEOTNC KNiIONG npavoug
K2 = 1.5 SuvTteAeoTnG TUPPNG (increased turbulance)
Ky = 1.0 OUVTEAEOTNG NPOIA TaxUTNTag
SUVENWG : /Tayo¢ SToIYEIWV EK SKUPOOELATOG! Dn= 0.113 m
Juvtnentika EmiAéystan: Dn = 0.200(m
Extent of bottom protection (realistic)
Rreteeton 3| m pio mAdko mAdrtoug 3,00 m
"EA€y X0G Auvapewv
C 0.600 lift factor
Vbottom 2.52
Ap 1.96 < 2.60 OK
SF 1.33
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

TEYXOZ YMNOAOITZMQN

YnoAoyiopoG Bapoug ®duoikav Oy koAibwv MpooTaciag Pilarczyk

D50= (?) 0.69
D,= 0.58

h= 3.5

W, = 2.52
Yer  0.035

g= 9.81
A= 1.537
n= 0.000

pPs = 2.6
Pw = 1.025
A, = 1.537
D= 0.930
Q= 39.0
tan (a) = 0.667
K = 0.472

K = 1.7

m/sec

m/sec?

ton/m?>

ton/m?

mean shieve size

median nominal diameter
water depth

bottom orbital velocity

critical mobility parameter for the
protection element

gravity acceleration

relative buoyant desnsity of the
protection element

porosity
density of the protection element

density of sea water

relative buoyant desnsity of the
protection element

stability correction factor

angle of response of the protection
element

angle of protection section a:
side slope factor
Turbulence factor

33.7

Not fully developed velocity profile 1 Ah Depth Factor
Fully developed logarithmic velocity
profile 2 40.1411
Choice(?) = 2
ks (?) = 1.159 roughness height (2 xDn)
K, = 0.822 velocity profile factor
Median nominal diameter: Dn= 0.58/m
Weight of armour stone: W50= 506.2(kg
OL®.0. npootaociog Statdcoovial o€ 2 oTPWOELS. TO GUVOAIKO TLaX0G LooUTaLL
HE 2xDn =1.2m
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AIMENIKH ErKATAZTAZH EEYNHPETHZHZ 2KA®QN 2TH OEZH WANH NAYTAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

NMAPAPTHMA 2T-1
XPONIKH EZEAI=H 2TEPEOIMNOIHZHZz

1 EIZArQrH

>TIC Napaypagouc Nou akoAouBoUv NpayPaTonoIETal EKTIHNON TNG XPOVIKNAC EEENIENG
TNG OTEPEONOINONG yIa TNV €vTOG TNG {wvng XaAikonacodAwv apyiAikn ZTpwon I, eni
TN Bdosl TnG npoTeivopevnc Along Bepedimong, onwe neplypdgeral otn § 6.3 Tou
napovToc Teuxouc YNOAOYIOH®V Kal avaAuTIKG oTo KepAAalo TeXVIKAC Meplypadnic Tng
Texvikng 'ExBeong Tng OpIoTIKAG MeAETNG Tou €pyou. ZUPQWVA HE TNV WG AVW
npoTelvopyevn AUon, NPOBAENETAl UMNOKEIMEVA TNG OePENiwWONG TOU VEOU €pyou N
KATAOKEUN XAAIKONAooaAwv ovopaoTIKAG dlapéTpou 0.90m, 0 TETPAYWVIKO KAvvapo
2.0x2.0m o1 onoiol Ba dieigdUouv o€ BABOG 10m evTOC TV APYIANIK®V OXNHATIOPWY TNG
>Tpwong I, peTpoupevo and Tov TeAIKO nuBupeva Tou u@alauhaka eEuyiavong Tou

£pyou.

AapBaverar ocUpPWva PE TA napandvw, yid TNV MPOCOUOIWON TwV OUVONKWV
KaTakopugpng oTpdyyionc TnG 2Tpwong I, oTpwpa nayxoug 10m, yova otpayyl{OPeVO
npo¢ Ta navw JdIapéoou TNG UWNANG dianepaToTnTac €EUYIAVTIKAC OTPWOEWC TOU
nubuéva evroc TnG omnoiac kalr npoBAEneTal va eyKIBwTIOBOUV Ol KEPAAEG TwV
XaAIkonaooaAwv. To WG avw YEWTEXVIKO NPOoPiA oTPAyyIonG napouaialeTal oxnUaTika

oTNV €IKOVA NOU AKOAOUBEI.

Opo®r| €EUYIaVvTIKNG OTPpWONG, o Babog =~ 2.70m and QpUGCIKO

S ; ::
EEuylavTikn oTpmONn £pyou naxoug 1m 1.3m
Baon €EuyiavTiknc oTpwonc, o BaBog %4.00 m ano Qpuaoikd Nubueva v
ZTp®WOoN HOVIG OTPAYYIoNG NPoG TAd v (Horp.=10.0m) 410
=10m

(ZTpwon I, evTog TG {wvng TwV XaAIkonacodaAwv)

IAvoapyiIA®dsiIG oxnuaTtiopoi ZTp@wong I unokeipeva Tng {mvng
TV XaAIKonaocoAaAmv (NPAKTIK®OG adlanépaTog oXNHATIOHOG)

Eikova 2ZT-1 - 1-1: OewpnOEv npoPil kATakOPUPNG oTpayyiong ZTpaong I evrog Tng {ovng
TWV XGAIKONAGOAAWV
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

2 MEOGOAOAOITIA YNOAOIIZMOY — AMOTEAEZMATA

2.1 Karakopu®pn oTpayyion

YnoAoyileTal apxIKwe 0 XPOVIKOC NapayovTac KaTtakopupng HovNG aTpayyiong ano
oxéon:

-t

T, = (H/Z)Z'éﬂov toe sec

onou, yia ¢, = 2.5%107 m?/sec (BA. § 6.2 Telxoug YnoAoyiopav) Kal Naxog oTpwaong
H = 10m, pova oTpayyi{OUeVo NPoG Ta avw, NPOKUNTEI,

2501077 -¢

T, = {102 +3600-24-30 = 0.00648 - t,6mov t g€ UNVveg

Me Baon Tov Xpoviko napayovra Ty, uniohoyileTal pe Tn Bordsia Tou diaypauuaToc nou
akoAouBsi o Babudc KaTakopUPNG aTEPEONOINONG yia Ta didgopa XPovika onueia £
AapBaverar ouvTnENTIKWS unown n kapnuAn (1) Tou diaypdupaToc, nou agopd ot
TETPAYWVIKO OIAYPANHA TACEWV OTABEPO PE TO BABOC.

Ta anoteAéopaTa napouaialovTal gTov nivaka kai To didypaypua nou akoAoubouv

E.I

o= T—~LT TTTIT]

I:I.#__ -\_‘i""-!._ | |

|

| |
30 1
|

[ Lo

o a— T LTI | N \'\

=

" -LJ
.
v

Eikova ZT-1 - 2-1: AiIGypappad OUuoXETIONG XPovikoU napdyovra Ty HE Tov Babuo
oTepeonoinong
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AIMENIKH EFKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYTNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN

(Mﬁtvsq) T U
0,0 0,00 | 0,0%
1,0 0,01 | 93%
2,0 0,01 | 13,1%
3,0 0,02 | 159%
2,0 0,03 | 18,4%
5,0 0,03 | 20,5%
6,0 0,04 | 22,1%
7,0 0,05 | 23,6%
8,0 0,05 | 254%
9,0 0,06 | 26,8%
10,0 | 0,06 | 282%
1,0 | 0,07 | 29,6%
12,0 | 0,08 | 30,9%
130 | 0,08 | 322%
140 | 0,09 | 335%
150 | 0,10 | 34,7%
16,0 | 0,10 | 359%
17,0 | 011 | 37,1%
180 | 012 | 382%
190 | 0,12 | 39,3%
20,0 | 0,13 | 40,4%
20,0 | 0,26 | 57,3%
60,0 | 0,39 | 68,8%
80,0 | 052 | 77,5%
1100 | 0,71 | 86,6%
1500 | 0,97 | 92,9%

TEYXOZ YMNOAOITZMQN

Mivakag 2T - 1 - 2-1: Xpovikn £EEAIEN OTEPEONOINONG YIa HOVI) KATAKOPUPN OTPAyyIion THG

ZTpwong I
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AIMENIKH EFKATAZTAZH EEYNHPETHZHZ ZKA®QN 2ZTH OEZH WANH NAYMAKTOY
OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

U, = 1)
00~

o | | | || R R B
80% EE"_a
0% f ' P

BO% /
= % /

0%
0% /
0%
10%
0% 1
0 i a0 60 80 100 120 140 160
tiprveg)

Eikova 2T-1 - 2-2: AiIdypapgpad Karakopu@ng oTpayyiong ZTpwon I ouvapTioEel Tou Xpovou

Anod Ta napandvw nPokUNTEl OTI, NPOKEIMEVOU va 0AOKANPWOEI n aTepeonoinan Hovng
oTpayyi{OyevNG OTPpWOEWC naxouc 10m pe Ta XApakTnPIoTIKA TnG 2Tpwonc I
(BewpeiTal OTI NPAKTIKWG OAOKANPWVETAI JE TNV €NITEVEN BaBuoU aTepeonoinong ioou

nepinou We 92%) anarrouvTal nepinou 150 prveg, fTol 12.5 €.
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

2.2 ITEPEONOINOT OTPMONG NAPOUCia XAAIKONaooAAwV

AnoTipaTal akoAoUBwC n ENITAXUVON TNG OTEPEONOINONG TNE ZTpwong I napouadia Twv
XaAIkonaooaAwv, AOyw TNG TAXEiac akTIVIKAG OTPAYYIONG NouU auToi npoadidouv aTnv
edagikn pada.

AkoloubeiTal v yével n yeBodoloyia onwg napouaialeral oto “Improvement Technics
of Soft Ground in Subsiding and Lowland Environment”, D.T. Bergado, J.C. Chai, M.C.
Alfaro, A.S. Balasubramaniam, (BA. [ix] § 6.1.3 TeUxouc YNoAoyIiop®V).

AapBavovtar unodywn xahikondooahol ovopaoTikng OlapéTpou, D = 0.90m, og
TETPAYWVIKO kavvapo pe nAsupd dlaoTacswv, s = 2.0m, ondTe n akTiva €NpPOng

€KAoTou XahikonacodAou npokUNTEl ion Npoc: De= 2*Re=1.13*S=1.13*2.0=2.26 m.

Eikova ZT-1 - 2-3: AiaTra§n XaAIKonaooaAwv OE TETPAYWVIKO Kavvapo

O XpoVvIko¢ napayovTag opifOvTIac akTIVIKAG oTpdyyliong dideTal and Tn oxeon:

et
D¢

onou,

C: 0 OuvTeAeoTnC opIldvTiac aTepeonoinong, AAuBAveTal iocog npog, ¢ = 2*c, =
5.0*%107 m?/sec, yia OTPWOIYEVEIG I{NKATOYEVEIC ANOBETEIG e eVOIAUETOUG PAKOUG
Kal evoTpwOoelg augnuévng dianepatoTntag (BA. [ix] § 6.1.3 Telxoug YNoAoyIOH®V).

Aappdavovtag unown Ta napandvw, O XPOVIKOG napdayovrag opilOvTiag akTIVIKNG
OTpAyYIONC CUVAPTHOEI TOU XPOVOU, NPOKUNTEI i00C NMPOC:

_ 50-1077-¢

T, = o - 0.254 - t, 6oV t g€ UNVeg

O Babuodg akTIVIKNG oTepeonoinang 8ideTal anod Tnv akoAoubn oxéon:
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

U, =1 _ /)

onou F, ouvTeAeoTAC 0 onoiog eEapTaTtal: a) and Ta YEWHETPIKA XAPAKTNPIOTIKA TWV
xahikonacadAwv (F(n)), B) and Ta xapaktnpioTika TnG {wvng avapoxAeuong (smear
zone) Onwg neplypageral otn ouvexela (Fs) Kal y) and TNV NApOXETEUTIKOTNTA TWV

oTpayyloTikwv Jeowv (F), dideTal o anod Tnv oxéon:
F=F(n)+F +F,

‘Onov,
2

Fn) = nz—1

In(n) — 0.75 + ! F—(k" 1)1<D5)
TR T e T g "\bg

ky
BF=mn-2"(2Hyp—2) —
qw
onou, k: n opifovTia dianepaTdTNTA TNG APYIAIKAG OTPWONG Nou AauBaveral ion npog
dUo QopEC TNV kaTtakopuen ky kai duvaral va anoTiunBei Baocel TG akdAoudbng oxeong
TNG YEWTEXVIKNAG HNXAVIKAG,

_ G Yw _ 50 1077m?/sec - 10kN /m3

k
r E 3000 kPa

= 1.67-10"°m/sec

AappavovTac unown TIG 81a0TACEIG KavvaBou Kal Ta Aoind YEWUETPIKA XapaKTNPIOTIKA
TV XaAIKonaoodAwv npokunTel, n = De/Dg = 2.26/0.90 = 2.51. H wvn avapodxAeuong,
AapBaveral ion npo¢, Rs/R¢=2.0 (Rs=0.90 m, Rs=0.45 m). H opilovTia npo¢ Tnv
KaTakopu®n dIanepaToTnTa vroc TnG (wvng autng AauBaveral ouvtnpnTikwe, Krs/Ky

= Crs/Cv = 1.0 (BA. ix § 6.1.3 Telyouc Ynoloyiopwv) kai apa, Ki/Kes=2.0.

Eikova ZT-1 - 2-4: Smear zone (Zovn avapoxAsuong)

H napoxeTeuTikOTNTA TWV XaAIkonacodAwv AauBAveTal cuvTnpNTIKWG, ion NPog, quw =
1.0*¥10* m3/sec (avTINPOOWNEUTIKN APPOXAAIKOIOUC UNIKOU), VR WG XapaKTnPIoTIKO
Baboc AauBaveral To NUICU Tou BewpnBEVTOC NAYOUG OTPAYYIoNG TNG ZTpwaong I, ATol,

Z = Horp/2 = 10m/2 = 5.0m. Mg avTikaTaoTaon Twv napanavw npokUnTEl:
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AIMENIKH ETKATAZTAZH EEYNHPETHZHZ ZKA®QN 2TH OEZH WANH NAYTIAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YINMOAOI'TZMQN
F(n) = 2517 In(2.51) — 0.75 + ! = 0.384
W= o521 ' 4-2512
kh Ds
F, = (—— 1) In (—) = (2,00 — 1) - [n(2.0) = 0.693
ks Dd
1.67-107°

F.=n-50-(2-10—5.0) = 0,00393

1.0-10~%
Apa, F=1.081

O Babuoc aKTIVIKAG OTEPEONOINONG GUVAPTHOEI TOU XPOVOU MPOKUMTEl i00C NPOC,

Upg=1-— e(‘g*%)

H ouvolikiy oTepeonoinon AauBavovTag unoyn Kal TNV CUMHETOXN TNG KATAakOpuPng

oTpAyYIoONG TNG OTPWONG, unoAoyileTal TEAIKWS ano Tnv oxEon:
U=1-(1-U,)*(1-U,)

Ta napanavw £@appocbnkav o€ UNoAoyIoTIKO (PUANO, Ta aNOTEAECUATA TOU OMoiou
napouaialovral oTnv enopevn oAidd. ZUPPwvVA PE TA ANOTEAECUATA AUTA, NPOKUNTEI
OTI, NPOKEIYEVOU va oAokANpwOei n aTepeonoinon TnG ZTpwong I (o Babud 92%),
napouaia Twv XaAikonacodAwv, anaireital 1.5 privag, evaw oto NpoBAENOPEVO XPOVIKO
d1GoTNUa Napapovig Twv 2 HNV®V TOU €pYOU WETA TNV oAokAnpwon Tng A’ daong
KaTtaokeunc (BA. § 6.3 Teuxouc Yrnohoyiopwv), 6a £xel oAokAnpwOei To 98% (~100%)

TNG OTEPEONOINONG OTNV EVTOC TNG {wvNG TwV XaAIKONaooaAwv NePIoxH.

Aappavopévou unown Tou G Avw anoTeAéopaTtog, Bewpeital, yia  Adyoug
anA\onoINoswe TWV avaAUOEWV, KATA TOUG YEWTEXVIKOUG €AEYXOUC KaBINoEwV Kal
YEVIKNG EUOTABEIAC, OTI HETA ano NAPAMOVI TOU £PYOU YIa XPOVIKO dIAoTNHa 2 HNvav
o€ evOIQPEDN KATAOKEUAOTIKN (pAaaon, oAokAnpwveTal To 100% TnG oTEPEON0INONG TNG
evToc (wvng XahikonacoaAwv XTpwong I kal avahapBaveral To gUVoAo Twv KabI{noswv
€K OTEPEONOINCEWG €VTOC TNG {wvng auTng, AOyw Twv eniBaA\OPevwy kaTa Tn ¢aon

auTr QOopTIWV.

Ma ™ Ztpwon I ekTo¢ TNG {wvng TV XaAikonacoaAwv, AauBavopévou unoyn Tou
I01aiTepa xaunAhoU PBaBuol oTepeonoinonNG NOU ENITUYXAVETAl OTO MPORAENOUEVO
XPOVIKO didoTnua napapoving Twv 2 unvav (U = 13% yia naxog oTpwong HOAIC 10m),
QyVvoEiTal ouvTNPNTIKWE N Onola oTEPEON0INGN TNG OTPWONG AAUBAVEl Xwpa KaTa Tn

(pAon KATAOKEUNG TOU €pyou.
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AIMENIKH EFTKATAZTAZH EZEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNMAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YNOAOIT=MQN

=

=5HH"HHM

Siegla draiiege Bl = H
Dcsalol: ebrhiscaga: Hipus, = HJ0
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

NMAPAPTHMA 2T-2

YNoAoYIOHOG BEATIOHEVOV NAPAHETPWV HIKTOU £0AMOUC

AOYW KATAOKEUNG XOAIKONACOAAWV
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

NMAPAPTHMA 2T-2

YMNOAOIIZMOz BEATIQMENQN NMAPAMETPQN MIKTOY
EAA®OYZ AOI'Q2Q KATAZKEYHZ XAAIKOMNMAZzAAQN

1 TENIKA

>TIC NapaypaPouc nou akoAouBoUv anoTINWVTAl Ol BEATIWHEVEC NAPAPETPOI AVTOXNG

KAl OUPNIECTOTNTAG TOU MIKTOU £dAPOUC AOYw TNG KATAOKEUNG TwV XAAIKONAooaAwV.

H BeAtiwon autry oQeileTal agevog OTnV €yKATAOTAON EVTOC TOU €DAPOUC TWV
auénuévnc avtoxng kal akapyiag KaTakopupwv OTNAWV TwV XAAIKONAoGAAwV,
AQQETEPOU OTN TAXEIA OTEPEONOINCN MOU AVAMEVETAI va AABel Xwpa OTO €3apog
Bepelinong evrog TnG wvng AuTnC KaTa Tn GAcn KATAOKEUNG TOU £pyou, CUMPWVA e

Ta npoBAenopeva otnv § 6.3 Tou TeUXOUC YNOAOYIOHWV.

2 MEGOAOAOIIA YINOAOIIZMOY BEATIQMENQN MNMAPAMETPQN TOY
MIKTOY EAA®OYZ
2.1 Tevika

O1 BEATIWUEVEG YEWTEXVIKEG NAPAPETPOI TOU HIKTOU £dAgouc unohoyidovtal Bacer Tng
npoTelvopevng peBodoloyiag kata Priebe 1995, ([xv], § 6.1.3), Ta Baoika onueia TNG
onoiag napouaialovTail oTIC Napaypagouc Nou akoAoubouv.

2.2 BaOIKEG APXEG UNOAOYICHOU

H Cwvn enippong kabe yaAikonaoodlou eni Tou nePIBAAAoOvVTOG autoU €dAPOoUC

npooeyyieTal anod 1000Uvapn KUKAIKN €nipavela, dIauETPOU:
D, = 1.13 s, yia 01aTagn TeTpaywvikoU kavvapou (T - 1)

D, = 1.05 s, yia 0IaTagn 1I06NAEUPOU TPIYWVIKOU KavvaBou (=T - 2)

‘Onou, s, ol a€oVIKEC anooTACEIC METAEU TwV JIAdOXIKWV XAAIKONAGOAAWV.
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OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

-

Eixova 2T-2 - 2-1: Karoyn HIKTOU £5APoUG yia 4-ywVIKO Kai 3-ywviko kavvapBo X/
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPFQN TEYXOZ YNOAOMTEMON
OpieTal 0 OUVTEAEOTNC AVTIKATAOTAONC TOU MIKTOU €DdAPOUC, ds; WG 0 AOYOC TNG
EM@Aveiag Tng diaTonc Tou Xahikonaoadahou (SiapéTpou D) npog Tnv avTiaToixn TG
I1000UvapnNg KUAIVOPIKNG {wvng enipponc Tou oTo nepiBallov £dapog (diapéTpou De),
onwc opileTal anod Tn oxéon.

g, =2 (2)2 (5T - 3)

OeWPWVTAC KOIVI] KATAKOPUPN HETATOMION HETAEU £DAPOUC Kal XAAIKONAoodaAou uno
TNV €NIBOAr OMOIOPOP(PA KATAVEUNHEVOU POPTIOU GTNV ENIPAVEIA TOU HIKTOU £APOUC,
avanTUoOETAl OUYKEVTPWON TAOEWV OTO E0WTEPIKO TOU XaAIkonaoodAou (o onoiog Kai
TUyXavel peyaAUTepnc akapwiag ano To nepIBArAov £€dagpoc) kal avTioTolxa anoTovwon
TWV MNIECEWV OTO aoBeveoTEPO nePIBAAAOV auTou €3agoc. H we¢ avw GUYKEVTPWON
TAoEwV eKPPAleTal anod Tov Adyo , pc/Ps, (OMoU pec Kal ps Ol avanTUGOOUEVEG TATEIG
avTioToIxa oTnV KeQAA] Tou XaAlkonaoodAou Kai Tnv €niPAveia Tou nepIBAANOVTOC
£0APOUC, ONWG NPOKUNTOUV KATOMIV OHOIONOPPNG POPTIONG £ TNG OANG ENIPAVEIAC TOU
MIKTOU €dApouUC).

Ps, Cs

Pc

Eikova ZT-2 - 2-2: SUYKEVTPWOT TAGEWV OTOUG XAAIKONaoodAoug Kal To nePIBailov £5a@og

H emBaA\opevn peon TAON, p, €ni PHEPOVWMEVNG KUWEANG (unit cell area), pikTOU
€0a@ouc OedOPEVOU OUVTEAEOTH AVTIKATAOTAONG, as OUvaTal va €eKPPAcOei

OUVAPTNOEl TNG GUYKEVTPWONG TAOEWV OTOV XaAlkondooaho kal To nepIBalAov autou

£€0aQoc HEOW TNG OXEONG:
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YINMOAOI'IZMQN
P=pc as+ ps-(1 - ay) (2T -4)

Ano TNV Napanavw oxEon, NPOKUMNTOUV Ol CUYKEVTPWHEVEC TAOEIC OTOV XAAIKONAoGaAo

Kal To £3ap0oc, GUVAPTHOEl TOU AOYOU OUYKEVTPWONG TAOEWV, I0£C Npoc,

Pc= (%).p 5T-5
1+<(%)—1>as 79

P (5T -6)
1+<(ﬁ)—1>as

O AOYOC OUYKEVTPWONG TAOEWV, po/pPs, Ouvatal va ek@pacBei ouvapTroel Tou

ouvTeAeoTn BeATiwong, 7, (yia Tov onoio yiveTal AOyog oTnv €nduevn napaypago),

MEOW TNG OXEONG.

&=n—(1— ag)

2T-7
Ps ag ( )

2.3 ZuvTeAeoTNG BeATioNG

2.3.1 Opiouoc

Q¢ ouvTeAeoTNC BeATiwoNG opileTal o AOyog TnG kabilnong Tou MIKTOU BEATIWHEVOU
€0A@PoUC AOYyw TNC KATAOKEUNC TWV XaAIKONaooaAwv, NPOG TNV avTioToIXN TOU apxIKou

apeATinTou.

n= Pcomposite (ZT _ 8)

punimproved soil

O ev AOyw OuvTeAeoTNnC, unoAoyileTal oUPPWVA PE TNV MPOTEIVOUEVN KaTda Priebe
(1995) peBodoloyia (BA. [xv], § 6.1.3), HEOW Twv AKOAOUBWV TPILV PNUATWV
unoAoyiopou.

2.3.2 Baoikoc ouvTeAeaTric BEATIwoNC, Mo

YnoloyileTal apxikwc, and To OIdypaypa nou akoAouBei, o BACIKOG OUVTEAEOTNC
BeATIWONG, No, TOU BEATIWHEVOU £DAPOUC, UNO Tn Bewpnon NANPWS ACUPNIEGTOU TOU

UAIKOU Tou XaAikornaoodahou.
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AIMENIKH ETKATAZTAZH EEYMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
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Eikova 2T-2 - 2-3: AiGypdppa anoTipnong Tou BacikoU ouvTeAEOTH BeATiOONG, Ny

2.3.3 AiopBwuevoc  ouvreAsotric  BEATiwone — AOyw  ouumiecToTnTac 1wy

YalikonacodAwv, ns

H oupnmieoToTNTA TNG KOAWVAG TOU XAAIKONAGOAAOU UNEICEPXETAI GTO NPOCOMOIWUA,
MEOW TNG npooal&nong Tou avTiIoTPOPOU TOU GUVTEAEOTN avTikaTaoTaoncg, A/Ac
(=1/as), katd noootnta A(A/A;), n onoia €EaptdTtal and Tov AOYO TWV HETPWV
OUMNIEOTOTNTAC TNG KOAWVAC Kal Tou NEPIBANOVTOC auTnc £dagpouc, £o/Es (or Do/Ds),
duvaral Os va anoTiundei HEow Tou akoAoubou diaypappaToc.
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

Eikova ZT-2 - 2-4: AiGypappa anoTipnong Tou ouvTeAEoTH BeATioong, n1, AagBavopévng
unoYn TG CUHMIECTOTNTAG TOU XAAIKONAOOAAoOU

EnavexkTiydral, o ouvTeAeoTnC BeATIWONG, 77;, HEOW Tou diaypdupaTtoc otnv Eikova ZT-
2 - 2-3, alAa yia évav dlopBwpévo Aoyo enipavelwy, (A/Ac) = A/Ac + A(A/AL) = 1/as,s,
00NYWVTAC £TOI OE PEIWHEVN TIMA CUVTEAEDTH BEATIWONG, 177 < Mo

2.3.4 [lepaiteEpw avarnpoodplLioyeC Kal EAEyYol  ouuBaroTnTac _Tou OUVTEAEOT

BeATiwone
2.3.4.1 'EAeyxoc oupBatoTnTac kabilnocwv

Alao@alileTal 0TI n kabilnon TNC MEHOVWHEVNG KOAWVAC Xahikonacodhou Adyw Tng
10iaC oUPNIECTOTNTAC TNG, Ogv unepBaivel TNV avTioToixn Tou NEPIBAAAOVTOC £dAPOUC
AOYW TNC 10iaC CUPNIEOTOTNTAC TOU TEAEUTAIOU, UNO Ta (PoPTIa ONWC AvVaKATAVEPOVTAI
KAl OUYKEVTPWVOVTAI O KaBe pia and TIc duo enmipaveiec (e0apouc Kal
XAAIKONaoodaAou) TNG HEHOVWHEVNC KUWEANG TOU MIKTOU £0APOoUC. O w¢ avw EAEYXOC

oupBaTOTNTAC NANPEITAl HEOW TWV KATWOI EEI0WOEWV.

N3 settle = min(nmax,settle' nl) (ZT - 9)
A D
Mnaxsettle = 1+ 57 (G2 = 1) (T - 10)

‘ONou, 72 sete, O AVANPOCAPHOCOHEVOC OUVTEAEOTNC BeATiwoNG BACEl ToU €AEyXOU
oupBaToTNTAC KABICNoEWV.
2.3.4.2 'EAeyxoc ouppaToTnTac (PEPOUOAC IKAVOTNTAC

Alao@aAileTal n pn unépBacn TnNG GEPouUCac IKavoTNTAG Tou XaAIkonaoodAou yia Ta
(POPTIA MOU CUYKEVTPWVOVTAl 0TNV KEPAAN Tou. O w¢ avw €AeyXoG oupBaToTnTag

nANPEiTal HEOW TWV KATWO! EEI0CWOEWV.
Ny pe = min(nmax,b.c.: nl) (ZT - 11)

Mnaxbe. = As1 - ((%)max,b.c. -1D+1 (3T -12)

‘Onovu,
N2, be: O QAVANPOOAPHOOHEVOC OUVTEAEOTNG PeATimong PBacel Tou eAEyxou
ouUMBaATOTNTAC PEPOUCAC IKAVOTNTAC TOU XAAIKONAOGAAOU

TPITQN XYMBOYAOI MHXANIKOI 159



AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPISTIKH MEAETH AIMENIKQN EPFQN TEYXOS YMOAOMIEMQN
(Pc/Ps)max, be.: O MEYIOTOC OUVTEAECTNG OUYKEVTPWONG TACEWV MEPAV TOU OMOIOU
ENEPYETAl UNEPBAON TNG PEPOUOCAC IKAVOTNTAC TOU XAAIKONAOGAAOU,

Onw¢ unoAoyileTal anod Tn oxeon,

B e = sy
Ds max,b.c. — p- F.S.

- as,l

(=T - 13)

quit
onou,

Qut: N QEPOUCA IKAVOTNTA TOU MEPOVWMHEVOU XAAIKOMAoOAAou, Onwc avalUeTal
OIEE0DIKA OTN OUVEXEID.

p: N Wéon emiBaAAopevn Taon oToug XaAlkonaooaAoug kal To £3agoc.

F.S.: ouvteAeoTnC aopalsiac ni TnS pépouoac IkavoTnTac, (UIoBeTABNKe TIun 1.5).

O1 ouvnBEIG UNXavIoWoi aoToxiag PEPouaac IKavoTNTAG HEPOVWHEVOU XAAIKONAcodAou
napouaialovTtal aTnv €IkOva nou akoAouBei kal NEpIAaPBAVOUV TOUC EENG TPEIG TUMOUG

aoToxiag, a) TpIagovikng PopTIoNG, B) EMIPAVEIAKNG BEUENiWONG Kal y) PEHOVWHUEVOU

NacodaAou.
[XE!
mm!:i:%j— Eaa ] MF‘IHW
; : [ 1 b Sie
J 1 i ™ Frictinn
] i‘ i t
1
g3 i
! - _ End
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1 .
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o) Long Seore Colymnowith Firm o
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Eixova 2T-2 - 2-5: Mnxaviopoi actoxiag pepovwpévou Xxalikonacodalou (Barksdale, Bachus
1983)

H nAéov ouvndng pop®r) acToxiac XaAikonaooaAwv PeyaAou PNKOUG, €ival autn TG
TPIa&oVIKNAG @OpTIoNG. O w¢ dvw PNXaviopog acToxiag duvartal va evepyonoindei, ite
N aIxur Tou XaAlkonaooaAou BpioKeTal «aiwpoUpevn» eni JaAakoU dAPOUG, €ITE AuTh
edpaleral evtoc okAnpoU unooTpwuaToc. H gpépouca IKavoTnTa &vavTi acToxiac Tne
WG avw HopPpnc, NpoadiopileTal yia TNV NEPINTWON OUVEKTIKWV AENTOKOKKWV £0APOV
TOOO und aoTpdyyloTec 600 Kal unod NARPWC oTpayyI{OUEVEC OUVONKeC, Baosl Twv
ox€oewv nou akohouBoUv (Hughes & Whithers 1974, Greenwood 1970 avTtigToixa),
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPISTIKH MEAETH AIMENIKQN EPFQN TEYXOS YMOAOMIEMQN
Aappaveral ds katd Tov oXedIAOMO N XAMNAOTEPN €K TWV MPOKUNTOUCWV TIHWV. Ol
oxéoeic auTec Baoifovralr otnv napadoxn OTI n €mBaA\OPEVN MAEUPIKN MiEON Mou
OUYKPATEI TOV XAAIKOMAOOAAO €EICQVETAI PE TNV OpIakn nicon nou duvartal va

napaldapel To £dagpoc kabwc o XaAikondooahog JIOYKWVETAI NPOG Ta £Ew.

> AOTpAyYIOTEG: quir = (070 +4 Cya) Kpc (ZT - 14)

> 2ZTpayYICOEVEG: Quit = [(ps +ys-d) Kps+2-cs- /Kp,s] ‘K¢ (2T - 15)
onou,

Ys: TO @aivopevo (1} uno dvwon) Bapoc Tou nePIBANOVTOC TOV XaAIKONAaooalo
€0apouC

Cs: I EVEPYOC GUVOXT) TOU £DAPOUC
Cud: N QOTPAYYIOTN SIATUNTIKA avToxn Tou £dagouc g Baboc, d, and Tnv KEPAAn Tou

d: To BaBog anod Tnv kepaAr Tou XaAIkonacoahou HEXPI TO HEGO TNG {WVNG dIOYKWONG
Tou, Bewpeital ioo npog 1.50<D, 6nou D n didpeTpog Tou xaAikonacodAou (BA.
Eikova ZT-2 - 2-5).

Koc, Kps: O OUVTEAEOTEC NAONTIKAG wONONG TOoUu XAAMKONAOGAAOU Kali Tou

nepIBAMovTog €dAPoug avTioToixa, onwc unoAoyifovral and Tn oxéon,
K, = tan®(45 + ¢ 7/2), 6nou, @’n evepyog ywvia ECWTEPIKAG TPIBAG TOU
xaAikonaogadalou (¢'c) i Tou nepiBaAlovTog £dapouc (P's).

Ps: N AvakaTavepnuevn oTo €0apoc KATakopupn evepyog Taaon oTn oTABUN KEPAANG
Tou XaAikornaoodaAou, onwc unoAoyiletal ano Tn oxeon (ZT - 6)

O'ro: N EVEPYOC NAEUPIKN AKTIVIKN) Ni€on Tou €dAPOUC €ni TNG NApanAeUpou niPAveiac

Tou xaAikonacodhou, o€ BaBoC, d, and TNV KEPAAr Tou, Onwc unoAoyileTal anod

TN OXEON, O = Kox(ps + dxys)

2.3.4.3 ZuvteheoTncg BeATiwong oxedlaopou, Naq

O ouvTeAeoTNG BeATiwoNG oxediacou AaBuaveTal TEANIKWG ioog npog,

Nnyg= min(nz,settle' nZ,b.c.) (ZT - 16)
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

2.4 I1003UVAHEG YEWTEXVIKEG NAPAHETPOI TOU HIKTOU £3APOUG

YnoAoyilovral akoAoUBwC o1 1I000UVAUEG OTABUIOUEVEC JECEC NAPAPETPOI TOU MIKTOU
€dAgouc, ol Onoiec kal AauBavovTal unoyn oToug EAEYXOUC EUCTABEIAC kal KabI{Hoswv

TOU £pYOU, EVTOC TNG {wVNC TwV XaAIKONaooaAwv.

To oTaBuIoPEVO PECO (aivouevo BApoG, N EVEPYOC OUVOXN kal N aoTpayyioTn
dlIaTUNTIKN avToxn Tou HIKToU £ddagouc unoAoyilovtal ano TIC akOAOUBEC OXETEIC:

V' =0Q-ay) yst+as v, (2T -17)
c=1-ay) ¢ (2T - 18)
cu=10—-ay) ¢, (2T - 19)

H ywvia TpIBrg Tou pikToU £dagouc unoAoyiletal TOoo yia aTpayyilopevn, (@), 600
kal yia aoTpayyiotn, (@), oupnspipopa TnNG nepiBalloucac £dagikng OTAANG,
AappavovTag unown TNV avapevopevn KaTd Ta aVWTEP®W CUYKEVTPWON TAOEWV GTOUG

XaAikonaooaAoug kal To nepIBAAAov autwv £8agoc, WS akoAoUBwG:

a. o’ ‘tanp.+ (1— a o’ ‘tang
<P* = tan—1< s1 Cdz [4 — .( . sl) Cdz s> (ZT - 20)
ag o’ ‘tang
(p* - tall_l < Sl 1% c.‘dlzl C) (ZT - 21)

YnoAoyileTal TENOG, TO HETPO CUMMIEOTOTNTAC TOU HIKTOU £5APOUC anod Tn oxEan,

Es = nyq-E; (3T -22)

onou,

Yo, ®c, Cc: TO (PAIVOPEVO BAPOC, N ywvia E0WTEPIKAC TPIBAC KAl N EVEPYOS OUVOXN
avTioToIXa Tou XaAIkonaogoaAou
Ys, ®s, Cs: TO (AIVOPEVO BAPOC, N ywvia €0WTEPIKAG TPIBAC KAl N €VEPYOS OUVOXN
avTioToixa Tou nepIBAAOVTOC Tou XaAikonacoahou £dApouC
Cu: N AaoTpayyloTn dIATUNTIKN avToxn Tou e6AQOUG.
O'cdz: N KATAKOPUPN EVEPYOC TACN OTO ONMEIO EAEYXOU EVTOC TOU XAAIKONAOOAAOU,
onwg unohoyileTal and Tn oxéon, O'ca,; = Pc + Y'ez, ONOU, Z T0 Babog anod Tnv
KEPAAT) TOU XaGAIKONAoOAAOU WEXPI TO GNUEIO EAEYXOU.
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPISTIKH MEAETH AIMENIKQN EPFQN TEYXOZ YMOAOIIEMQN
O'sdz: N KATAKOPUPN EVEPYOC TAON OTO ONUEIO EAEYXOU EVTOC TOU NEPIBAANOVTOC TOU
XaAIKonaoodAou €3APouc, ONwe avTioToiXwG UnoAoyileTal anod Tn OXEoNn, O'sdz
= ps + y’s*z
y*: T0 1I000Uvapo Paivopevo Bapog und avwan Tou HIKToU £dApoug
p: N HEON TAoN AOYW UNEPKEIYEVWY Mou eMIBANETAl OTNV nipaveia (OTadun KEPAAnc
TWV XaANIKONaooaAwv) Tou PIKToU £3Apouc.
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

3 BEATIQzZH AZTPAITIZTHZ AIATMHTIKHZz ANTOXHZz AOIQ
2TEPEOIMNOIHZHZ TOY EAA®OY ZTHN ENTOZ ZQNHZ XAAIKOMAZZAAQN
NEPIOXH

3.1 Tlesvika

>TIC Napaypda®ouc Nou akoAouBoUV ekTIHATAI N BEATIOPEVN aAOTPAYYIOTN dIATUNTIKN
avtoxn yia Tnv &vrog {wvng xaAikonacodhwv apyidikn ZTpwon I, Adyw TNng
AQVAPEVOUEVNC TAXEIAGC OTEPEONOINONC TNG UNO Ta idia Bapn Tou £pyou.

H BeATiwon unoAoyileTal EexwpioTd, yia KABs diaTopr) eAEyxou, und Tnv enidpacn Twv
10iv Bapwv TNG TEAIKNC YEWMETPIAC TOU €pyou, BewpwvTac OTI €XeEl NAPENBEl O
anaiToUPeVOG XPOVOC MOU AnaiTeiTal yia Tnv nARpn OTEPEoNoinon TnG OTPWONG,
eARPON dnAadn o Babuog oTepeonoinong auTng, ioog npog, U = 100%. Emionuaiveral
0TI, OUPPWVA HPE OXETIKOUC YEWTEXVIKOUC UMoAOyIOHOUC anoTidnong TnNG XPOVIKNG
€EENIENC TNC oTepeonoinonc, nou napouaialovral oto MapaprTnpa ZT-1 Tou NapovTog
TEUXOUC, ENITUYXAVETAl EVTOC TNC {wvNC TwV XaAIKonaooaAwv, BaBuOC oTEPEONOINONG
NG Ta&NC Tou, U = 98%, 0 XpoVIKO didoTnua HOAIC U0 pnvwv and Tnv enifoArn Twv

(POPTIWV TOU EPYOU.

EidIkOTEPA, unoAoyilovTal WECEC TIMEC TNG PBEATIWMEVNG ACTPAYYIOTNG OIATUNTIKAG
avToxng OTO PECO 1I00MAXWV OTPWOEWY, NAXOUC EKAOTNG 5m, o1 onoieg xwpilouv kad’

Uyog o€ dUo ioa pépn, TNV evtog {wvng XaAIkonaooaAwv nepIoxH.

3.2 MeBodoAoyia - napadoxEg
H BeATiwpévn aoTpdyyloTn  dlATUNTIKA  AVTOXN) OUVEKTIKWV €0a@wv, AOYwW
OTEPEOMOINONG TOUG UNO TNV €nidpacn NpocbeTwv QopTiwv, anoTiydral cUPeWva e
TNV akoAoubn oxeon:

Cu, 7eA = O Oy, er OCRen%8 (=T - 23)

‘Onou:
Cu, ers N TENIKN META TNV BeATiwon Tou €dApouc aoTpdyyloTn dIaTUNTIKN avToxn.
0y, rer: Ol TENIKEG EVEPYEC TAOEIG UNO TNV ENEVEPYEIA TWV (POPTIWV TOU EPYOU.

OCRrer: 0 TEAIKOG AOYOC MPOPOPTIONG META TNV OAOKANPWON TNG OTEPEOMOINONG aAno
TNV €NIBOAN TwV (POPTIWV TOU EPYou, O Onoio¢ AauBavel TIWEC i0eC R

MEYAAUTEPEC TNG Hovadac,.

TPITQN XYMBOYAOI MHXANIKOI 164
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OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

a: 0 OUVTEAEOTNC BEATIWONC TOU €dAPOUC,.

O ouvteleoTnc BeATioong, a, opileTal WG o AOYOC TNG apxIKNG aoTpayyloTng
JIATUNTIKAG AvTOXNG KAVOVIKA OTEPEOMOINKEVNG APYIAOU MPOG TIC APXIKEG EVEPYEC
TAOEIC OTO EKACTOTE XAPAKTNPIOTIKO GNUEio EAEyxou (MPo TNG €NIBOANG TwV PopPTIKV
TOU £PYOU), d=Cy0 /0w Kal N\auBavel ev yével TIHEC PeTa&u 0,15 kai 0,35.

O &v ANOYw OUVTEAEOTNC eKTINATAI BACEI TNC EUNEIPIKNG OXEONC Twv Ladd et al (1991),
a = 0.20 + 0.045+PI, and 6nou kai npokunTel yia deikTn NAAoTIHOTNTAG 6.2+12.2 (M.T.
9.6), Tiur a=x0.20, n onoia kal UIOBETEITAI TEAIKWG OTOUC UNOAOYIOHOUC.

i@ TNV €KTiPNON Tou TEAIKOU AOYOU MPogOpPTIONG aKOAOUBEITal N €ENG UNOAOYIOTIK)
diadikaaia.

i.  YnohoyileTal yia TOV WG Avw €KTIUNBEVTA OUVTEAEOTH BEATIWONG, @, O APXIKOC
AOYOC NPOPOPTIONG TOU ABEATIWTOU £DAPOUC, HEOW TNC OXEONC,

1.25
OCR, = ( Cu0 ) (5T - 24)

a- 0',1;0
ii.  YnoMoyileTal ev ouvexeia, n PEYIOTN TACN Mou €xel eniBANBei kaTd To NapeAdov

OTO ONUEIO EAEYXOU, OUMPWVA HE TN OXEON, O'v,max = OCRo*0'vo

ii.  YnoMloyiCeTal TEAOG, yia TO TENIKO evTaATIKO NEdIO, 07, 7=, HETA TNV €MIBOAR TWV
(POPTIWV TOU €pyou, 0 TEAIKOG BAaBUOC NPooTEPEONOINONG TNG OTPWONG, anod Tn
oxéan,

o"v,max OCRO ' 0',170

OCR,,; = —2m%* — (=T - 25)

!
v,TEA o v,TEA

Me dedopEvo OTI N aTepeonoinon Tou €ddgouc Ba npayuaTtonoin®ei napoucia Twv
XaAIkonaooaAwv, BewpeiTal yia Tov UnoAoyIopo Tou TeAIKOU evTaTikoU nediou EVTOC
NG €daPIKNG Kalag, n avakaTavepnuevn oTo €8apog KaTakopupn evepyog TAaN, O'sd,z,
Onw¢ unoAoyileTal BAOsl TOU OUVTENEOTH) GUYKEVTPWONG TACEwWY, OTnV § 2.4 Tou

napovToc NapapTAKATOG.

3.3 AnoteAéopara

Me epappoyn TnG napanavw pebodoloyiag, NpokUNTel ava diaToun eAEyXou kal ava
eMNeXBEV onueio evtog TNG €0aPIknG palag, n BeATIWPEVN aoTpdyyloTn dIaTUNTIKA
avtoxng TG Ztpwong I, evrog TG {wvng Twv XAAIKoNnacodAwv, ONw¢ avaAuTika

napoucialeTal oTov Nivaka nou akoAouBEi.
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Aatopn | ZTA6pn z a Cu,0 o'vo OCRo o'y e OCRyeA Cu,red
EAéyxou (m) (m) ) (kPa) (kPa) ) (kPa) ) (kPa)
-12.5 2.5 0.2 16.5 58.5 1.54 76.9 1.17 17.50
- -17.5 7.5 0.2 31.5 103.5 1.69 121.9 1.43 32.50
-10.5 2.5 0.2 16.5 58.5 1.54 47.8 1.88 15.90
A -15.5 7.5 0.2 31.5 103.5 1.69 92.8 1.88 30.80

ornou z, To BaBog anod TNV KEPAAr] Twv XaAIKONAooaAwV

Mivakag ZT-2 - 3-1: BeATIOPEVN AoTPAYYIOTN SIATHUNTIKA AVTOXA, Cy, 1A, ZTPOONG I, EVTOG TNG
{@WVNG TWV XUAIKONACOAA®V

>Tn Aiatoun A-A napaTtnpeital, AOyw TwV OXETIKWG MEPIOPIOUEVWV POPTIWV £E 1DILV
Bapwv TOU OWMPATOC TOU £pyou AAAG Kal TV HEIWPEVWY PETABIBAlOPEVWY TAGEWVY OTO
£€0a@oc, AOyw TNC avakaTavounc TAoswv napoucia Twv XaAIkonacoahwv, eAappd
anoMEIWON ToU evTaTikoU nediou OTO MEPIEXOHUEVO EVOIQUECKC TWV XAAIKONAOCAAWV
£0aqoc, oTnVv onoia kai opeiAeTal n napaTnpenOeioa PIKPr) anopeiwaon TNG acTpayyioTng
dlIAaTUNTIKNC AVTOXNG TOU O€ OXEDN KE TNV apxIKr TOU (puUaIkoU NuBuEva.
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPFQN TEYXOZ YMOAOTIZMON
4 NAPAMETPOI YNOAOIIZMOY — NAPAAOXEZ

O1 BeATIWPEVEC NAPAPETPOI TOU HIKTOU £dAPouc unoAoyilovtal ExwplioTa yia Tic dUo
JIaTOMEC EAEyXOU TNG § 6.4 Tou TeUxouc Ynohoyiopwv. H {wvn Twv XaAIKonaooaAwv
ouvoAikoU nayouc 10m Xwpiletal og U0 €MIPEPOUC I00NAXEIC OTPWOEIC (NAXOUC 5m
€kaoTn) kar urnoAoyilovTal Ol avTINPOOWNEUTIKEC MAPAPETPOI TOU BEATIWMEVOU

€0AQOUC 0TO JETO AUTWV.

Ta dedopéva nou €I0nxOnoav yia Toug XaAIkonaooaAoug Kal To nepIBAA\ov auTwv
£0ap0g £XOUV WG £ENG:

» XaAikondaogoalol

AlGpeTpoc kohwvac: D = 0.90m

Mnkoc¢ kohwvac: L = 10.0m

e KavvaBoc: TETpaymvikog

e AlgoTdoeic kavvapou: s = 2.00m

e ®aivopevo Bapog uno avwon: ye = 11.0 kN/m?3
e [wvia eowTepikn TPIBNAG: P'c = 42.5°

e MéTtpo oupnieonc: Ec = 50 MPa

» NepiBalov £6apoc

AOYW TNC avapevopevng Taxeiag oTepeonoinong Tou £3Apouc aTnv evrocg {wvng
XaAIkonaoodAwv nepioxn, AdupBavovral unown ol PBeATIWUEVEC MNAPAMETPOI
aoTpdyyioTng OIaTUNTIKAG avToxng OnwG unoAoyiobnkav oTnv nponyoUpevn
napaypago. O1 Aoinég napdpeTpol TNG oTpwong AappBavovTal onwe napouacialeral

oTn oTpWHATOYPAPia unoAoyiopoU oTnv § 6.2 Tou TeUXoug YNOAOYIGHWV

H enmniBaA\Oopevn MEOn evepyOC TAon OTo £0aOG OTn OTAOUN KEPAARG Twv
XaAikonacodAwv, Olapoponolsital PETAEU Twv OUO0 OIATOHWV €AEyXOU AOYwWw TOU
d1aPOopETIKOU Nayouc oTa npiopata £dpaong oTic dUo Béaeic. O1 Taoelg urohoyilovTal
AappavovTag unown To UWoc TnG oTnANG AIBoppinwv kal eEVYIAVOEWY KATW ano Tn
OTEWN TOU NpiopaTog €dpaonc kai katavoun 1:1 Twv TAoewv ek TwV 18iwvV Bapwv Twv
oThAwv Twv T.0. kal TG avwdOoPnG Tou KpNMIdWHATOCG, ano Tn oTadun £€5pacr|g Toug

MEXPI TN OTABUN KEPAANG TWV XAAIKONAOOAAWV. ZUN@WVA KE TA NApanavw nNpokUNTE:
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPFQN TEYXOS YNOAOMIEMON
> Ta ™ Aiatopn I-I:
p1 = 11kN/m36.3m + (13.5kN/m3:3.7m + 23.5kN/m?3+1.1m)«[5m/(5m + 2*6.3m)]
=~ 90 kPa
> [a T Aigtopn A-A:

p2 = 11kN/m*23m  +  (13.5kN/m%3.7m  +  0.5m:23.5 +
48.0kN/m3+0.6m)+[(5m)%/(5m + 2*¥2.3m)?] ~ 50 kPa

5 AINOTEAEZMATA

H peBodoloyia Onwc neprypapnke oTIG NPonyoUHEVEC NapaypaPoucC EVOWPATWONKE O
unoAoyioTIKG (UAAa excel, Ta avaAuTika dedopeva, oI avaAuTIKoi uroAoyiopoi Kal Ta

anoTeEAEOUATA TWV onoiwv napouacialovral aTo TEAOC Tou NAapdvToC NapapTnHATOC.

O1 UNoAoYIOBEITEG YEWTEXVIKEC NAPAPETPOI TOU PBEATIWPEVOU HIKTOU £5AMOUC, NOU
TENIKOC UMEIOEPXOVTAl OTOUC YEWTEXVIKOUC €AEYXOUC €UOTABEIAC Kal KaBI{NOoEwV,
ouvoyifovTal yia TIC dU0 JIATOPEC EAEYXOU EEXWPIOTA, OTOV Mivaka Nou akoAouBsi.

Aiatopn EAéyxou AiaTopr) eAEyxou
FEWTEXVIKEG NAPAMUETPOI r-r A-A
HIKTOU £5dgoug Ba6n and nubpéva oKAPNG EKOKAPNG
0-5m 5-10m 0-5m 5-10m
daivopevo Bapoc uno avwon:
v* (kN/m?) 9.3 9.3
Evepyoc ywvia TpIBrc: @"*(°) 33.3 32,0 33.7 31.8
Evepyoc auvoxn: ¢ (kPa) 1.7 1.7
AoTRAyyIoT ywvia TPIBAG; 21.3 18.0 22.3 17.5
Pu'(°)
AoTpdyyioTn JIaTUNTIKN 14.8 275 13.5 26.1
avtoxn: cu*(kPa) ' ' ' '
METpo cupnieong: Es(MPa) ~ 1.6+Espo ~ 2.0+Espo

Mivakag ZT-2 - 5-1: ZTAOUIOUEVEG HEDEG YEMTEXVIKEG NAPAHETPOI TOU HIKTOU £3APOUG
OepeAinnong AOYy® THG KATAOKEUNG XAAIKONACOAA®V
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
GROUND IMPROVEMENT BY THE STONE COLUMNS METHOD
"The Design of Vibroreplacement", Heinz J. Priebe, 1995
Aiatopn I-T': BaBog 0-5m ano Tn oTadun KeEQPAAng Twv XaAIKonaooaAwv
INPUT DATA
Data for the stone columns
Stone column diameter D 0,90 m
Mesh dimensions a 200 m
b m
Mesh shape Mess
Bulk unit weight (buoyant) Y 11,0 kN/m?
Friction angle Q. 42,5 °
Compressibility modulus E. 50,0 MPa
Stone column cross-section area A.=nD?*/4 m’
Stone column influence area A=a*b m?
Area ratio ag a;=Ac/A -
Inverse area ratio 1/a -
Data for the soil
Bulk unit weight (buoyant) Y's 9,0 kN/m®
Effective angle of friction Ps 25,0 °
Effective cohesion Cs 2,0 kPa
Undrained shear strength Csy 17,5 kPa
Undrained shear strength at depth 1.5D from stone column head Csy,1.5D 13,0
Compressibility modulus E 2,4 MPa
Poisson's ratio Hs 0,33 -
Data for the external load
Uniform vertical external stress p 90,0 kPa
Assumed degree of consilidation after imposing external load U 100,0 %
Assumed safety factor against bulging bearing failure of the column head S.F. 1,50 -
Calculations
Basic improvement factor n,
Active pressure coeff.: K,c=tan*(45°-(/2) Kac -
f(psras) = [(1'“52)/(1'“5'2p52)][(l'zus)(l'as)/(1'2ps+as)] f(l'lsl as) -
Basic improvement factor: ng = 1+a,[(0.5+f)/(4K,c+f)-1] Ny 2,026 -
Improvement factor n, corrected for non infinite stone column compressibility
Compressibility modulus ratio E./Eg E./Es -
Area ratio for equality of ny and E/Es, assuming s = 1/3 (Ac/A)y -
Addition to the area ratio A(A/A.) = 1/(Ac/A);-1 A(A/Af) -
Corrected area ratio: (AJ/A)' = [(A/A)+AA/A)]? as1=(Ac/A)' -
Inverse corrected area ratio 1/ag -
f(psrasl) = [(1'”52)/(1'“5'2p52)][(1'2“5)(1'351)/(1'2|-|s+asl)] f(l'lsl asl) -
Improvement factor: n; = 14+a4[(0.5+f(as;))/(4Kc+f(as1))-11 ny 1,978 -
Improvement factor n, corrected for overburden
Correction for overburden Correction
Depth to the middle of the bulging zone (approx. 1.5*D) d m
Additional stress due to stone column weights Wc kPa
Additional stress due to soil weights W kPa
Pressure coefficient at rest of the column: Ky = 1-sing, Koc -
Pressure coefficient at rest of the surrounding soil: Kos = 1-sings Kos -
Stress concentration factor: (pc/ps)1=[0.5+f(Hs, as1)1/[Kac*f(Hs, as1)] (Pc/Ps)1 -
Stress concentrated on column: pe; = p*(pc/Ps)1/[(Pc/Ps)1@s1+1-as1] Pc1 kPa
Stress concentrated on soil: ps; = p*/[(Pc/Ps)i@s1+1-as1] Ps1 kPa
Depth factor: fa=min{1/[1+((Koc-Ws/Wc)/Koc)*(Wc/Pc1), (E/Es)/(pc/Ps)} fa -
Improvement factor n, = fz*n, n, 2,120 -
Resulting concentration factor for n,: (pd/ps),=[N>-(1-as1)1/as; (Pc/Ps)2 -
Stress concentrated on column: pe, = p*(pc/Ps)2/[(Pc/Ps)2@s1+1-as1] Pc2 kPa
Stress concentrated on soil: ps, = p*/[(Pc/Ps)2as1+1-as1] Ps2 kPa
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Compatibility controls for settlement and bearing capacity of the stone columns against bulging

Assumed soil conditions (drained or undrained) for bearing capacity calc. Conditions

Passive pressure coefficient of stone column: Kyc = 1/K,c Kic -
Passive pressure coefficient of surrounding soil: Kys = tan’(45+¢'y/2) Kos -
B.C. under Drained Conditions: ¢ = [(U*ps+Ys*d)Kps+2¢'*Koe 1K e Quit, drn kPa
B.C. under Undrained Conditions: qyngr = [(U*ps+Ys*d)Kos+4c,)Kpc Quit, undr kPa
Worst case bearing capacity: Quit = min(qult,drnr qult,undr) Quit kPa
Limit concentration factor for b.c. control: (Pc/Ps)max, b.c. =(1-as1)/(P*F.S./qQyi - as1) (Pc/Ps)iim -
Improvement factor for b.c. control: Npay, b.c. =8s1*((Pc/Ps)max, b ~1)+1 Npax, b.c. -
Improvement factor for settlement control: Npay settie = 1+as(Ec/Es-1) Nimax, settle -
Final improvement factor Ny sy = MiN{Nmaxb.c, Nmaxsetties N2} Nyq 1,654 -
RESULTS

Design stress concentration parameters

Design concentration factor: (pc/ps)q=[N,q-(1-3s1)1/as1 (Pc/Ps)d 5,287 -
Design stress concentrated on column: pey = p*(Pe/Ps)d/[(Pc/Ps)d@si+1-as1] Pcd 287,61 kPa
Design stress concentrated on soil: psg = p*/[(Pc/Ps)d@si+1-as1] Psd 54,40 kPa
Final improvement factor n, s, = MiN{Nmaxb.c.r Nmaxsettier N2} Nyg 1,654 -

Improved soil parameters of the composite ground
Assumed elevation below stone column head z 2,50 m
Buoyant unit weight of the improved soil: y'* = ag *Y'c + (1-a5)*Y's y'* 9,31 kN/m?

Improved shear parameters following the average shear strength method (Aboshi et al 1979, Barksdale 1981)
Drained conditions

Effective angle of friction: @'*=atan{[ag;+0'cy «tanP +(1-a5;)<0'sq ~tanPs]/(y'*«z+p)} Q'* 33,3 °
Effective cohesion: ¢'* = (1-a5)*c' c'* 1,69 kPa
Undrained conditions |

Undrained angle of friction: ¢, *=atan{(as;+0'cq tan®)/(y"*z+p)} Q@ * 21,3 °
Improved undrained shear strength: c,* = (1-ag)*c' c,* 14,8 kPa

Improved compressibility parameters
Compressibility modulus of the composite soil: E* = ng*Eg E* 4,0 MPa
Undrained elastic modulus of the composite soil: E*, = (3/2)«[(1-2ys)/(1-ps)]E* E. * 3,02 MPa
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
GROUND IMPROVEMENT BY THE STONE COLUMNS METHOD
"The Design of Vibroreplacement", Heinz J. Priebe, 1995
Aiatopn '-I': BaBog 5-10m ano tn a1abun KEQAARG Twv XaAIKonacoaAwv
INPUT DATA
Data for the stone columns
Stone column diameter D 0,90 m
Mesh dimensions a 2,00 m
b m
Mesh shape Mess
Bulk unit weight (buoyant) Y 11,0 kN/m?
Friction angle Q. 42,5 °
Compressibility modulus E. 50,0 MPa
Stone column cross-section area A,_.=nD2/4 m?
Stone column influence area A=a*b m?
Area ratio ag a;=Ac/A -
Inverse area ratio 1/a -
Data for the soil
Bulk unit weight (buoyant) Y's 9,0 kN/m’
Effective angle of friction P 25,0 °
Effective cohesion Cs 2,0 kPa
Undrained shear strength [ 32,5 kPa
Undrained shear strength at depth 1.5D from stone column head Csu,1.5D 13,0
Compressibility modulus E 2,4 MPa
Poisson's ratio Hs 0,33 -
Data for the external load
Uniform vertical external stress p 90,0 kPa
Assumed degree of consilidation after imposing external load U 100,0 %
Assumed safety factor against bulging bearing failure of the column head S.F. 1,50 -
Calculations
Basic improvement factor n,
Active pressure coeff.: K,c=tan’(45°-p./2) Kac -
f(”sras) = [(1'“52)/(1'“5'2”52)][(1'2ps)(1'as)/(1'2”s+as)] f(l‘sr as) -
Basic improvement factor: ng = 1+a,[(0.5+f)/(4K,c+f)-1] ng 2,026 -
Improvement factor n, corrected for non infinite stone column compressibility
Compressibility modulus ratio E./Eg E./Es -
Area ratio for equality of ng and E./E;, assuming ps = 1/3 (Ac/A)y -
Addition to the area ratio A(A/A.) = 1/(A/A);-1 A(A/AQ) -
Corrected area ratio: (AJA)' = [(A/A)+AA/A)]? ag1=(Ac/A)' -
Inverse corrected area ratio 1/ag -
f(”srasl) = [(1'“52)/(1'“5'2”52)][(1'2ps)(1'asl)/(1'2“s+asl)] f(l‘sr asl) -
Improvement factor: n; = 14+a4[(0.5+f(as1))/(4Kacxf(as1))-1] ny 1,978 -
Improvement factor n, corrected for overburden
Correction for overburden Correction
Depth to the middle of the bulging zone (approx. 1.5*D) d m
Additional stress due to stone column weights Wc kPa
Additional stress due to soil weights W kPa
Pressure coefficient at rest of the column: Ky = 1-sing, Koc -
Pressure coefficient at rest of the surrounding soil: Ko = 1-sings Kos -
Stress concentration factor: (pc/ps)1=[0.5+f(Hs, as1)1/[Kac*f(Hs, @s1)] (Pc/Ps)1 -
Stress concentrated on column: pc; = p*(Pc/Ps)1/[(Pc/Ps)18s1+1-as1] Pc1 kPa
Stress concentrated on soil: ps; = p*/[(Pc/Ps)i@s1+1-as1] Ps1 kPa
Depth factor: fg=min{1/[1+((Koc-Ws/Wc)/Koc)]*(We/Pe1), (Ec/Es)/ (Pc/Ps)} fq -
Improvement factor n, = fg*n; n, 2,120 -
Resulting concentration factor for n,: (po/ps),=[n,-(1-as1)1/as; (Pc/ps)2 -
Stress concentrated on column: pe; = p*(Pc/Ps)2/[(Pc/Ps)28s1+1-ag:] Pc2 kPa
Stress concentrated on soil: ps, = p*/[(Pc/Ps).as1+1-as1] Ps2 kPa

TPITQN XYMBOYAOI MHXANIKOI 172



AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Compatibility controls for settlement and bearing capacity of the stone columns against bulging

Assumed soil conditions (drained or undrained) for bearing capacity calc. Conditions

Passive pressure coefficient of stone column: Kyc = 1/K,c Kic -
Passive pressure coefficient of surrounding soil: Kys = tan’(45+¢'y/2) Kos -
B.C. under Drained Conditions: ¢ = [(U*ps+Ys*d)Kps+2¢'*Koe 1K e Quit, drn kPa
B.C. under Undrained Conditions: qyngr = [(U*ps+Ys*d)Kos+4c,)Kpc Quit, undr kPa
Worst case bearing capacity: Quit = min(qult,drnr qult,undr) Quit kPa
Limit concentration factor for b.c. control: (Pc/Ps)max, b.c. =(1-as1)/(P*F.S./qQyi - as1) (Pc/Ps)iim -
Improvement factor for b.c. control: Npay, b.c. =8s1*((Pc/Ps)max, b ~1)+1 Npax, b.c. -
Improvement factor for settlement control: Npay settie = 1+as(Ec/Es-1) Nimax, settle -
Final improvement factor Ny sy = MiN{Nmaxb.c, Nmaxsetties N2} Nyq 1,654 -
RESULTS

Design stress concentration parameters

Design concentration factor: (pc/ps)q=[N,q-(1-3s1)1/as1 (Pc/Ps)d 5,287 -
Design stress concentrated on column: pey = p*(Pe/Ps)d/[(Pc/Ps)d@si+1-as1] Pcd 287,61 kPa
Design stress concentrated on soil: psg = p*/[(Pc/Ps)d@si+1-as1] Psd 54,40 kPa
Final improvement factor n, s, = MiN{Nmaxb.c.r Nmaxsettier N2} Nyg 1,654 -

Improved soil parameters of the composite ground
Assumed elevation below stone column head z 7,50 m
Buoyant unit weight of the improved soil: y'* = ag *Y'c + (1-a5)*Y's y'* 9,31 kN/m?

Improved shear parameters following the average shear strength method (Aboshi et al 1979, Barksdale 1981)
Drained conditions

Effective angle of friction: @'*=atan{[ag;+0'cy «tanP +(1-a5;)<0'sq ~tanPs]/(y'*«z+p)} Q'* 32,0 °
Effective cohesion: ¢'* = (1-a5)*c' c'* 1,69 kPa
Undrained conditions |

Undrained angle of friction: ¢, *=atan{(as;+0'cq tan®)/(y"*z+p)} Q@ * 18,0 °
Improved undrained shear strength: c,* = (1-ag)*c' c,* 27,5 kPa

Improved compressibility parameters
Compressibility modulus of the composite soil: E* = ng*Eg E* 4,0 MPa
Undrained elastic modulus of the composite soil: E*, = (3/2)«[(1-2ys)/(1-ps)]E* E. * 3,02 MPa
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
GROUND IMPROVEMENT BY THE STONE COLUMNS METHOD
"The Design of Vibroreplacement", Heinz J. Priebe, 1995
Aiatopn A-A: BaBog 0-5m anod Tn oTadbun KepaAng Twv XaAKonacoaAwv
INPUT DATA
Data for the stone columns
Stone column diameter D 0,90 m
Mesh dimensions a 2,00 m
b m
Mesh shape Mess
Bulk unit weight (buoyant) Y 11,0 kN/m?
Friction angle Q. 42,5 °
Compressibility modulus E. 50,0 MPa
Stone column cross-section area A,_.=nD2/4 m?
Stone column influence area A=a*b m?
Area ratio ag a;=Ac/A -
Inverse area ratio 1/a -
Data for the soil
Bulk unit weight (buoyant) Y's 9,0 kN/m’
Effective angle of friction P 25,0 °
Effective cohesion Cs 2,0 kPa
Undrained shear strength [ 15,9 kPa
Undrained shear strength at depth 1.5D from stone column head Csu,1.5D 13,0
Compressibility modulus E 2,4 MPa
Poisson's ratio Hs 0,33 -
Data for the external load
Uniform vertical external stress p 50,0 kPa
Assumed degree of consilidation after imposing external load U 100,0 %
Assumed safety factor against bulging bearing failure of the column head S.F. 1,50 -
Calculations
Basic improvement factor n,
Active pressure coeff.: K,c=tan’(45°-p./2) Kac -
f(”sras) = [(1'“52)/(1'“5'2”52)][(1'2ps)(1'as)/(1'2”s+as)] f(l‘sr as) -
Basic improvement factor: ng = 1+a,[(0.5+f)/(4K,c+f)-1] ng 2,026 -
Improvement factor n, corrected for non infinite stone column compressibility
Compressibility modulus ratio E./Eg E./Es -
Area ratio for equality of ng and E./E;, assuming ps = 1/3 (Ac/A)y -
Addition to the area ratio A(A/A.) = 1/(A/A);-1 A(A/AQ) -
Corrected area ratio: (AJA)' = [(A/A)+AA/A)]? ag1=(Ac/A)' -
Inverse corrected area ratio 1/ag -
f(”srasl) = [(1'“52)/(1'“5'2”52)][(1'2ps)(1'asl)/(1'2“s+asl)] f(l‘sr asl) -
Improvement factor: n; = 14+a4[(0.5+f(as1))/(4Kacxf(as1))-1] ny 1,978 -
Improvement factor n, corrected for overburden
Correction for overburden Correction
Depth to the middle of the bulging zone (approx. 1.5*D) d m
Additional stress due to stone column weights Wc kPa
Additional stress due to soil weights W kPa
Pressure coefficient at rest of the column: Ky = 1-sing, Koc -
Pressure coefficient at rest of the surrounding soil: Ko = 1-sings Kos -
Stress concentration factor: (pc/ps)1=[0.5+f(Hs, as1)1/[Kac*f(Hs, @s1)] (Pc/Ps)1 -
Stress concentrated on column: pc; = p*(Pc/Ps)1/[(Pc/Ps)18s1+1-as1] Pc1 kPa
Stress concentrated on soil: ps; = p*/[(Pc/Ps)i@s1+1-as1] Ps1 kPa
Depth factor: fg=min{1/[1+((Koc-Ws/Wc)/Koc)]*(We/Pe1), (Ec/Es)/ (Pc/Ps)} fq -
Improvement factor n, = fg*n; n, 1,978 -
Resulting concentration factor for n,: (po/ps),=[n,-(1-as1)1/as; (Pc/ps)2 -
Stress concentrated on column: pe; = p*(Pc/Ps)2/[(Pc/Ps)28s1+1-ag:] Pc2 kPa
Stress concentrated on soil: ps, = p*/[(Pc/Ps).as1+1-as1] Ps2 kPa
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Compatibility controls for settlement and bearing capacity of the stone columns against bulging

Assumed soil conditions (drained or undrained) for bearing capacity calc. Conditions

Passive pressure coefficient of stone column: Kyc = 1/K,c Kic -
Passive pressure coefficient of surrounding soil: Kys = tan’(45+¢'y/2) Kos -
B.C. under Drained Conditions: ¢ = [(U*ps+Ys*d)Kps+2¢'*Koe 1K e Quit, drn kPa
B.C. under Undrained Conditions: qyngr = [(U*ps+Ys*d)Kos+4c,)Kpc Quit, undr kPa
Worst case bearing capacity: Quit = min(qult,drnr qult,undr) Quit kPa
Limit concentration factor for b.c. control: (Pc/Ps)max, b.c. =(1-as1)/(P*F.S./qQyi - as1) (Pc/Ps)iim -
Improvement factor for b.c. control: Npay, b.c. =8s1*((Pc/Ps)max, b ~1)+1 Npax, b.c. -
Improvement factor for settlement control: Npay settie = 1+as(Ec/Es-1) Nimax, settle -
Final improvement factor Ny sy = MiN{Nmaxb.c, Nmaxsetties N2} Nyq 1,978 -
RESULTS

Design stress concentration parameters

Design concentration factor: (pc/ps)q=[N,q-(1-3s1)1/as1 (Pc/Ps)d 7,406 -
Design stress concentrated on column: pey = p*(Pe/Ps)d/[(Pc/Ps)d@si+1-as1] Pcd 187,22 kPa
Design stress concentrated on soil: psy = p*/[(Pc/Ps)qasi+1-as1] Psd 25,28 kPa
Final improvement factor n, s, = MiN{Nmaxb.c.r Nmaxsettier N2} Nyg 1,978 -

Improved soil parameters of the composite ground
Assumed elevation below stone column head z 2,50 m
Buoyant unit weight of the improved soil: y'* = ag *Y'c + (1-a5)*Y's y'* 9,31 kN/m?

Improved shear parameters following the average shear strength method (Aboshi et al 1979, Barksdale 1981)
Drained conditions

Effective angle of friction: @'*=atan{[ag;+0'cy «tanP +(1-a5;)<0'sq ~tanPs]/(y'*«z+p)} Q'* 33,7 °
Effective cohesion: ¢'* = (1-a5)*c' c'* 1,69 kPa
Undrained conditions |

Undrained angle of friction: ¢, *=atan{(as;+0'cq tan®)/(y"*z+p)} Q@ * 22,3 °
Improved undrained shear strength: c,* = (1-ag)*c' c,* 13,5 kPa

Improved compressibility parameters
Compressibility modulus of the composite soil: E* = ng*Eg E* 4,7 MPa
Undrained elastic modulus of the composite soil: E*, = (3/2)«[(1-2ys)/(1-ps)]E* E. * 3,61 MPa
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
GROUND IMPROVEMENT BY THE STONE COLUMNS METHOD
"The Design of Vibroreplacement", Heinz J. Priebe, 1995
Ailatopn A-A: BaBog 5-10m and tn otabun Ke@aArg Twv XaNKonagoaAwv
INPUT DATA
Data for the stone columns
Stone column diameter D 0,90 m
Mesh dimensions a 2,00 m
b m
Mesh shape Mess
Bulk unit weight (buoyant) Y 11,0 kN/m?
Friction angle Q. 42,5 °
Compressibility modulus E. 50,0 MPa
Stone column cross-section area A,_.=nD2/4 m?
Stone column influence area A=a*b m?
Area ratio ag a;=Ac/A -
Inverse area ratio 1/a -
Data for the soil
Bulk unit weight (buoyant) Y's 9,0 kN/m’
Effective angle of friction P 25,0 °
Effective cohesion Cs 2,0 kPa
Undrained shear strength [ 30,8 kPa
Undrained shear strength at depth 1.5D from stone column head Csu,1.5D 13,0
Compressibility modulus E 2,4 MPa
Poisson's ratio Hs 0,33 -
Data for the external load
Uniform vertical external stress p 50,0 kPa
Assumed degree of consilidation after imposing external load U 100,0 %
Assumed safety factor against bulging bearing failure of the column head S.F. 1,50 -
Calculations
Basic improvement factor n,
Active pressure coeff.: K,c=tan’(45°-p./2) Kac -
f(”sras) = [(1'“52)/(1'“5'2”52)][(1'2ps)(1'as)/(1'2”s+as)] f(l‘sr as) -
Basic improvement factor: ng = 1+a,[(0.5+f)/(4K,c+f)-1] ng 2,026 -
Improvement factor n, corrected for non infinite stone column compressibility
Compressibility modulus ratio E./Eg E./Es -
Area ratio for equality of ng and E./E;, assuming ps = 1/3 (Ac/A)y -
Addition to the area ratio A(A/A.) = 1/(A/A);-1 A(A/AQ) -
Corrected area ratio: (AJA)' = [(A/A)+AA/A)]? ag1=(Ac/A)' -
Inverse corrected area ratio 1/ag -
f(”srasl) = [(1'“52)/(1'“5'2”52)][(1'2ps)(1'asl)/(1'2“s+asl)] f(l‘sr asl) -
Improvement factor: n; = 14+a4[(0.5+f(as1))/(4Kacxf(as1))-1] ny 1,978 -
Improvement factor n, corrected for overburden
Correction for overburden Correction
Depth to the middle of the bulging zone (approx. 1.5*D) d m
Additional stress due to stone column weights Wc kPa
Additional stress due to soil weights W kPa
Pressure coefficient at rest of the column: Ky = 1-sing, Koc -
Pressure coefficient at rest of the surrounding soil: Ko = 1-sings Kos -
Stress concentration factor: (pc/ps)1=[0.5+f(Hs, as1)1/[Kac*f(Hs, @s1)] (Pc/Ps)1 -
Stress concentrated on column: pc; = p*(Pc/Ps)1/[(Pc/Ps)18s1+1-as1] Pc1 kPa
Stress concentrated on soil: ps; = p*/[(Pc/Ps)i@s1+1-as1] Ps1 kPa
Depth factor: fg=min{1/[1+((Koc-Ws/Wc)/Koc)]*(We/Pe1), (Ec/Es)/ (Pc/Ps)} fq -
Improvement factor n, = fg*n; n, 1,978 -
Resulting concentration factor for n,: (po/ps),=[n,-(1-as1)1/as; (Pc/ps)2 -
Stress concentrated on column: pe; = p*(Pc/Ps)2/[(Pc/Ps)28s1+1-ag:] Pc2 kPa
Stress concentrated on soil: ps, = p*/[(Pc/Ps).as1+1-as1] Ps2 kPa
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OPIZTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN
Compatibility controls for settlement and bearing capacity of the stone columns against bulging

Assumed soil conditions (drained or undrained) for bearing capacity calc. Conditions

Passive pressure coefficient of stone column: Kyc = 1/K,c Kic -
Passive pressure coefficient of surrounding soil: Kys = tan’(45+¢'y/2) Kos -
B.C. under Drained Conditions: ¢ = [(U*ps+Ys*d)Kps+2¢'*Koe 1K e Quit, drn kPa
B.C. under Undrained Conditions: qyngr = [(U*ps+Ys*d)Kos+4c,)Kpc Quit, undr kPa
Worst case bearing capacity: Quit = min(qult,drnr qult,undr) Quit kPa
Limit concentration factor for b.c. control: (Pc/Ps)max, b.c. =(1-as1)/(P*F.S./qQyi - as1) (Pc/Ps)iim -
Improvement factor for b.c. control: Npay, b.c. =8s1*((Pc/Ps)max, b ~1)+1 Npax, b.c. -
Improvement factor for settlement control: Npay settie = 1+as(Ec/Es-1) Nimax, settle -
Final improvement factor Ny sy = MiN{Nmaxb.c, Nmaxsetties N2} Nyq 1,978 -
RESULTS

Design stress concentration parameters

Design concentration factor: (pc/ps)q=[N,q-(1-3s1)1/as1 (Pc/Ps)d 7,406 -
Design stress concentrated on column: pey = p*(Pe/Ps)d/[(Pc/Ps)d@si+1-as1] Pcd 187,22 kPa
Design stress concentrated on soil: psy = p*/[(Pc/Ps)qasi+1-as1] Psd 25,28 kPa
Final improvement factor n, s, = MiN{Nmaxb.c.r Nmaxsettier N2} Nyg 1,978 -

Improved soil parameters of the composite ground
Assumed elevation below stone column head z 7,50 m
Buoyant unit weight of the improved soil: y'* = ag *Y'c + (1-a5)*Y's y'* 9,31 kN/m?

Improved shear parameters following the average shear strength method (Aboshi et al 1979, Barksdale 1981)
Drained conditions

Effective angle of friction: @'*=atan{[ag;+0'cy «tanP +(1-a5;)<0'sq ~tanPs]/(y'*«z+p)} Q'* 31,8 °
Effective cohesion: ¢'* = (1-a5)*c' c'* 1,69 kPa
Undrained conditions |

Undrained angle of friction: ¢, *=atan{(as;+0'cq tan®)/(y"*z+p)} Q@ * 17,5 °
Improved undrained shear strength: c,* = (1-ag)*c' c,* 26,1 kPa

Improved compressibility parameters
Compressibility modulus of the composite soil: E* = ng*Eg E* 4,7 MPa
Undrained elastic modulus of the composite soil: E*, = (3/2)«[(1-2ys)/(1-ps)]E* E. * 3,61 MPa
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

NMAPAPTHMA 2T-3

YMNOAOIIZMOzz NAPAMENOY2ZAZ ANTOXHZ EAA®OY2
AOrQ PEYZTOINOIHZHZ

1 TENIKA

EkmiydTal n napapévouoa aotpdyylotn dIaTUNTIKN avToxn TG XTpwong I ekTOC TNG
{wvnc Twv XaAikonaoodAwv, Aoyw mbavig peucTonoinong TNG Kata Tnv €kdNAwon

OEIopIKOU YEYOVOTOC avTIOTOIXOU TOU CEIoHoU axediaopou.

2 MEOOAOAOrIA

H napapévouoa avtoxn Tou NANpwc peucTonoinaipgou e5agouc, duvaTtal va ekTIUNOEI
oUUPWVa We TNV akoAoubn oxEcn, n onoia NPoKUNTEl and TIC MECEC TIPEG
anoTEAEOUATWV and npaypaTika nepIoTATika, Onwc anoTunwvovTal oTto diaypayuua
nou akoAouBei (Stack & Merci, 1992, BA. [x] § 6.1.3 Tou TeUxouc YnoAoyioHwV).

Sur/0 vo = 0.011*(N1)eo0-cs (2T-3-1)

'n.5 L J L] L} 1 1 [

I T AND URIMAMEY ClpTaty, TEUMGTH PATA
fig [0 A TED AT AN UrDRANT CATCAL TG palA
@ M TRUC TR SOUCED LIGREFACTIOH. = ESTRIATEE BATA
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O CRMCAL BTREHGTH

-
-
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RMOBIUZ
Wi €
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i 4 a v »® m od 28
ECHAVAL EMT CLEAM SAND SFT BLOWOOURT, (M ler, o

Eikova 2T-3 - 2-1: Zxéon HeTa&U napapévouoag SIaTHNTIKAG AavToXnG Kal S10p8wHEVMV
KpoUoewv SPT (kara Stark and Merci 1992)

H napandvw e&iowon ekTiyd Tnv napapévouca avrtoxr ouvapTnoesl TnG apxikng
YEWOTATIKNG KATAKOPUPNG EVEPYOU TAONG O vo KAl EUNEPIEXEI TNV AMOUEIWON TWV

EVEPYWV TACEWV AOYW avanTuéng UNEPNIECEWY NOPwWV KATA T SIAPKEIA TOU OEITHOU.
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPISTIKH MEAETH AIMENIKQN EPFQN TEYXOS YMOAOMIEMQN
O (N1)6o,cs, anoTeAei Tov 1000UVAp0 TN KaBapnc aupou diopBwUEVo apiBuo KpoUoEwv
SPT, o onoio¢ ekTOC AMwv, AapBavel unoywn Tnv auénon Tng avriotaong o€
PEUOTOMNOINGN TNG OTPWONG AOYW TNC NEPIEKTIKOTNTAC TNC OE AENTOKOKKO KAGOMA
(kAGopa Odiepxopevo and To kbookivo, #200, avoiypatog Bpoxidag, 72um  kai
unoAoyiletal kata NCEER (1996)/NCEER/NSF (1998) (BA. [xvi] § 6.1.3 Tou TeUxoug
YnoAoyiopmv).

(N1eo,cs = a+ B -(N1)eo
onou,
a =0, yia FC< 5%
a = e(176-190/FC?) 'y iq 504 <FC< 35%
a=5.0, yia FC = 35%
B =1.0, yia FC < 5%
B = [0.99 + FC'>/1000], yia 5% <FC< 35%
B = 1.2, for FC > 35%, onou F.C. To nooooTd 0 AeNTOKOKKA TNG OTPWONG KATd Ta

avoTEPW.

O (N1)so, anoTeAei TwV JI0POBWHEVO apIBPO KpoUoEwWV TNE dOKIUAG NPOTUNNG dlgicduong
SPT, AOyw UNEPKEIYEVWY, EVEPYEIAC kpouong dlagopnc Tou 60% TnNG BewpnTIKNAG
EVEPYEIAC anod TNV NTWon TNS opUpaAc, dIAUETPOU Kal MAKOUG dIaTPNTIKWV OTEAEXWV,
TUNo delydaToAnnTn kai unoAoyiletal katd NCEER (1996)/NCEER/NSF (1998), ano Tn
oxéan,

(N1)eo = N Cy-Cg-Cp-Cg-Cs
onou,

Nm: 0 HETPNOEIC 0TO NEdio apIBUOC KPOUTEWV.

Cn: OUVTEAEOTNG Kavovikonoinong Tou Nm 0€ TAon avagopdc AOyw UNEPKEIPEVV,

100kPa, onwg unoAoyiletal and Tn oxgon, Cn= 1/ (Pa/ 0'v0)*> < 1.7, P, = 100 kPa

Ce: ouvTeAeoTnG d10PBWONG yia eveépyeia kpouang diagopn Tou 60% Tng BewpnTIKAG
gvépyelag atd TNV TITwon g o@upag (BewpnOnke yia opUpa eAEUBEPNC NTWONG
ouvTnenTIKWG TIUA 0.90).

Cs: JI0pBWTIKOC CUVTEAEOTNC YIA TN DIAUETPO TOU dIATPNTIKOU OTEAEXOUC (EARPON i00G
npoc 1 yia diapETpouc nou dev ungpPaivouv Ta 115cm),
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY
OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

Cr: OUVTEAEOTNC AOYW HNAKOUG dIATPNTIKWV OTEAEXDV

Cs: ouvTeAeoTNC O10pBWONG Yia SEIYHATOANNTEG HE ) XWPIC «NMOUKApioo (oTnv napouod
nepinTwaon Xpnoiponoinenke delypuaToAnnTng Terzaghi, Xwpic NOUKAWIOO).
MPOTEIVOUEVEC TIPEC VIO TOUC MApAnavw OIopOBWTIKOUC GUVTEAECTEG Tou apiBuou

kpoUuoswv SPT, napoucialovTal GToV Mivaka Nou akoAOuBsi.

Factor Equipment variable Tarm Comection
(1) (2] {3 (4)
Orverbarden pressure Oy (Pl )™
Owvverburden pressuae Oy Cy= 1.7
Energy ratio Chognnt headiaenes [ 0510
Encrgy ratio Snfetry hanuner [ 7T-12
Enecrgy rafyo Auntormang-tmp Doat- O Dg=-13
ivpe haanmes
Borehole diameter 63— 1% num Oz 1.0
Borelole disineter 1 30 mom Ly 1.05
Borehole dinmeter 200 pam Cy 1.15
Fod length Jm Oy Q.75
Reod length —4 m Oy 0.8
Rod length —& m s (.83
Fuod length 6—10 m Oy 0.95
Eod length [0-30 m Oy 1.0
!"E-:'l.lll.]l-!:l:u_.: mvetliod Seancdard '.:-||||.]IE|_"| i (N
Sampling mvethod Spmpler without liners [ e 1.1-13

Mivakag ZT-3 - 2-1: ZUVTEAEOTEG 310pOwONG apiIBoU kKpolUoewv SPT (Skempton
1986)

3 AINOTEAEZMATA

Me epappoyn TnG napanavw HeBodoAoyiag MPOKUMTOUV TA ANOTEAEOUATA Yid TO
d10pBwuEvo apiBuo kpoUoewv (N1)so-cs, MOU Napouaialovrail yia TG dUo ekTeAe0BEiTEC
oTNV NEPIOXN Tou £pyou MewTprioeic Ol kai ©2, oTov nivaka nou akoAouBsi.

FeoTpnon a?:::;g AUSC (:1) (:Pvao) Nm| Cv |Ce | Ce| Cr | Cs :o/::) (N1)60,cs
1.00 - 1.45 CL-ML 1.30 11.7 9 (17009 |1.0| 085 | 1.1 >35 20.4
ori 5.00 - 5.45 CL 2.30 47.7 4 (14509 |1.0| 095 |11 >35 11.5
8.60 — 9.05 CL 8.90 80.1 4 (1120910 1.00 | 1.1 >35 10.3
1.00 - 1.45 CL 1.30 11.7 2 11701 09|10 095 |11 >35 8.8
or2 3.50 - 3.95 CL-ML 3.80 34.2 2 {170 09|10 1.00 | 1.1 >35 9.0
7.70 - 8.15 CL 8.00 72.0 2 |118|09|10| 1.00 | 1.1 >35 7.8
9.60 — 10.05 CL 9.90 89.1 4 |1.06 09|10 100 |11 >35 10.0

Mivakag ZT-3 - 3-1: AnoteAéopaTa 510pOwHEVOU apiOHoU KPoUOEWV (N1)so-cs
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPISTIKH MEAETH AIMENIKQN EPFQN TEYXOS YMOAOMIEMQN
JUPQwWvVa Pe Ta napandvw anoTeAéopara, npokUnTel eUpoc SlopBwUEVOU apiBou
KpoUoEeWV (N1)so-cs EVTOC TNG ZTpwong I, nou kupaiveral peta&u 7 kai 20 pe M.T. 1o
11.

Aaupavovtag ouvTnpenTIKWG G avTINPOOWNEUTIK TIMR  dlopbwuévou  apiBuou
kpoUoewV, (Ni)so-cs = 9, MPOKUNTEI PE €papHoyn TNG oxeong (XT-3 -1), yia To
OedoEVO UNO avwon Ppaivouevo Bapoc y’ = 9 kN/mP Tng ZTpwonc I, kaTavopur YE To

Baboc TnG napapévouoac AOyw PEUCTONOINONG aoTPAyYIoTNG dIATHNTIKNAG avToxnc,
Cu,res - 0-9*2 (kPa),
onou,

z: To BABo¢ anod Tnv ENIPAvela Tou PuaikoU Nubpéva.
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AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPIXTIKH MEAETH AIMENIKQN EPIQN TEYXOZ YMNOAOITZMQN

NMAPAPTHMA 2T-4

EKTIMHZH NMAPAMETPQN EIZAIQrHz TQN
FrEEQY®AZMATQN 2TO NMPOrPAMMA LARIX-5S

Ta yewu@dopata elodyovral oTo npdypaupa euoTabeiac Larix 55 wc oToixeia
€PENKUOTIKAC avToxnc. H avtoxn Touc kabopileTal ano duo napapéTpouc, TNV Kmax Kal

v H onovu,

Kmax: N avtoxn oxediaopou Tou YewupaopaToc, o kKN/m

H: 0 OUVTEAEDTNG OUVAPEIAC ToU YewupaopaTog o kN/m?, o onoiog ekppalel Tnv
ava WETPO MNKOUG au&non TnC avtoxng &vavr €EONKEUONG TOU, &K TWV
avanTuooopevwy OuVApewv TPIBAC oTn dlenipdaveld autoUu ME Tn OTPWON
EYKIBWTIOPOU TOoUu (e€uyiavTikn OTpwon aupoxaAikou). And Tov &V AOyw
ouvTeAeoT] KkaBopileTal TO MNAKOC aykUpwoNnG TOU YEWUPACHATOC MOU

anarreital yia Tnv nAnpn avantuén Tng 0Uvaung oxediaopou Tou, Kmax.

H avToxry oxedlaopou Tou YeEwUPpAoPAToC, Kma, AQUBAVETAl and TNV OVOPACTIK TOU
avtoxn, 7ur OINPNUEVN HE KaTAMnAo ouvTeAeoTn aopaleiac, FS, NTol, Kmax = Tur
/FS. ZToV €V AOyw ouvTeAEOTN AauBavovTtal unown gaivopeva epnuciou, dIappwaong,
PBopAC KaTd TNV KATAOKEUR Kal Asitoupyia K.AM. AnO TEXVIKEC NpodiaypageEg
OIaBECINWY OTO EUNOPIO UPAVTWV YEWUPAOUATWV alAa kal Tnv diebvn BiBAIoypagia
(BA. [xi] § 6.1.3), uloBeTeiTal CUVTEAEOTNC AGPAAEiac eni TnNG OVOUACTIKAG AVTOXNG ToU

yewupaouarog, FS = 2.0.
To €eAaXIOTO anaIToUPeVO MNKOG ayKUpwoNnG TOU YEWUPACHATOC yia Tnv NAnpn
avanTtugn Tng duvapng oxediacpou Tou, diveTal ano Tnv OxEoN:
Le = Kmax™®F/(2Tmin)
‘Onou:
F: 0 OUVTEAEOTNG aoPaleiag eni Twv duvapewv TpIBAG, F = 1.50
Tmn: N TAOn ouvagela¢ n  onoia  divetal and TNV OXEONn
Tmin = O'v+tand, o= (0.83 + 0.90)«p
¢: N ywvia €0WTEPIKAG TPIBAC TNG OTPWONG €VTOG TNG onoiac eykiBwTileTal To

vewUpaopa (AapBaveral yia Tnv e€I0WTIKr) OTPWON adpoxalikou, ¢p'=36°)

TPITQN XYMBOYAOI MHXANIKOI 187



AIMENIKH ETKATAZTAZH EEYNMHPETHZHZ ZKA®QN ZTH OEZH WANH NAYNAKTOY

OPISTIKH MEAETH AIMENIKQN EPFQN TEYXOS YMOAOMIEMQN
Ov: N &VEPYOC YEWOTATIKA TAON OTNV OTABKN TONOBETNONG TOU YEWUPACOKATOC, N
onoia kai kaBopileTal and To UYPOC TWV UMNEPKEIMEVWV YaIOV AGvwlev Tou

YEWUPAOUATOG, OTNV EKACTOTE BE0N KATA Pkog auTou.

>TNV NEPINTWON NMOU TO €AAXIOTO AnNAITOUPEVO WNKOC ayKUPWOoNG anod To AaKpo Tou
YEWUPAOUATOG, Le, €ival MIKPOTEPO TOU AVTIOTOIXOU NMPOKUNTOVTOC KATA TOUC EAEYXOUC
€U0TABEIaC L (To TEAEUTAIO OPICETAI WC TO PNKOC TOU THNHATOC TOU YEWUPACKATOC NMOU
BpiokeTal OMIOBeV TOU GNUEIOU TOPNG TOU HE TNV ENIPAVEIA AOTOXIAC), TOTE BewpeiTal
OTI TO YEWU(AOoNA avanTuoosl NARPWES TNV avToxr oxedlaopoU TOU, Kmax. 2€ QVTIOETN
nepinTwon otav dnAadn, L< Le, TO YEWUPAOHA, AOyw avenapkoUg PnKouc aykupwaong,
avanTuooel PEPOC JOVOV TNG avToxnc Tou, n ornoia unoAoyileTal pe subeia avaloyia
ano Tn oxéon, K=(L/Le)*Kmax.

Ta napanavw Aappavovral autopaTta unoyn KaTd TOuc EAEYXOUC €UOTABEIAC, HEOW
TNG E0WTEPIKNACS UNOAOYIOTIKNG diadikaoiag Tou npoypdupaTtog Larix-5s, eni Tn Baoel
TOU €10aXOEVTOC CUVTEAEDTH) OUVAPEIAC, H, KAl TNG AVTOXNG, Kmax, TOU YEWUPACKATOC.
O1 WG Avw dUO NApAUETPOI CUVOEOVTAI E TO EAAXIOTO ANAITOUKMEVO UAKOG ayKUPWONG
yia nAnpn avanTuén TnG EpeAKUOTIKNG avToXNG OXeDIAOUOU ToU, Le, HEOW TNG OXEONG:

H= Kmax/ Le

To eAaXIOTO PAKOG ayKUpWOoNG TOU YEWUPACHUATOG KAl KAT €NEKTACN O OUVTEAEOTNC
ouVAQEIac, NAPAPETPOI Ol OMOIEC ANOTEAOUV ouvapTNON TWV ENIBAMOUEVWV EVEPYWV
TAoEwv oTnNV oTaAdun dIAcTPWoNG Tou, unoAoyilovtal Pe Tnv Bonbeia kaTaAnAa
OlIaUOPPWHEVOU yIa TOV OKOMO aAUTOV UMOAOYIOTIKOU (QUANou (excel), oTo ornoio
gloayovtal Ta akpifn YEWUETPIKA XAPAKTNPIOTIKA TOU OWMPATOC TOU €Pyou, Ol
QVTIOTOIXEC YEWTEXVIKEG NAPAPETPOI TWV EMIPEPOUC OTPWOEWV NOU TO dodoUV Kal Td
TEXVIKA XAPAKTNPIOTIKA TOU YEWUPACKATOC Kal AauPBavovTal anoTeAéouaTta yia To
MNKOG aykUpwonG, Le, Kal TIC NAPAUETPOUG OXeDIAOHOU TOU YEWUPAOHATOC Kmax Kal
H, ol onoiec TENKWG €iI0AayovTal 0TO NPOYPAMUKA YEVIKNG euoTabeiag Larix-5S. Ta
OXETIKA GUAAG unoAoyiopou yia Tig 0Uo eniAexBeioeg B1aTOPES EAEyXOU napouaialovTal

OTn OUVEXEIQ.
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ANIMENIKH EFTKATAZTAZH EZYMNMHPETHEHY Y KA®QON £TH ©EXH WANH NAYTIAKTOY Page 1

AIATOMH EAEMXOY I-I 19.10.23, 17:08
ZTATIKEG OUVONKES Larix-5 - Version 2.05

soil model
% S e e a7 T
— N[ A
b; Zrpwon | (0-5m) Zrpwon | + XaA (5-10m) ]
F ¢=0.00 ° y=19.00 kN/m3 ¢=12.00 kN/m?2 ©=14.80 ° y=9.30 kN/m3 ¢=27.50 kN/m2 E
N[ |
OE Ztpwon | (5-10m) ]
E ©=0.00 ° y=19.00 kN/m3 c=19.50 kN/m2 E
[ |
oF S1ptoon | (10-15m) | ) 1
= ©=0.00 ° y=19.00 kN/m3 c=34.50 kN/m2 T.0. - Avuwdopr 3
oF =45.00 ? y=23.50 kN/m3 c=1000.00 kN/m2 E
e S1poon | (15-20m) ]
a ©=0.00 ° y=19.00 kN/m3 c=49.50 kN/m2 Oupdkion =
ol Stpwon | (20-25m) =43.00 ° y=18.00 kN/m3 ¢=5.00 kN/m?2 3
E 9=0.00 ° y=19.00 kN/m3 c=64.50 kN/m2 Live load Mpiopa ABopPITTGV E
| =, o y= 3 |
N3 T1pwon | (25-30m) py1=-5.00 kN/m2 py2=-5.00 kN/m2 $=43.00 ° y=21.00 kN/m E
E <p=0.00 ° Y:19-00 KN/m3 ¢=79.50 kN/m?2 EEUVIGVUH Water pressure permsanent E
- ) o R\ Live load?=38.00 ° y=21.00 kN/m3 yw=10.00 kN/m =
g Live load =3.20 kN/m2 pr=-12.60 kN/m2 ]
ofF Px=-15.00 kN/m Py=0 kN/m = Px1=-3.20 KN/m2 px2=-12.60 kN/m2 4
r FLive load ]
3 Fpx1=-12.60 kN/m?2 py2=-8.50 kN/m2 g
AR ﬁi =
o =
F H=25.40 kN/m2 Kmax=50.00 kN/m ]
AN E
e ]
AN E
or ]
BE E
s 1
O E
B ]
= =
- ]
o E
NE ]
7”\\”\MHMHMHMHMHMH\\HMHMHMHMHMH\H\MHMHMH\H\MH\H\MHMH\H\MHMHMH\\HMHMHMH\\HMHMHMHMHMHMHMH\H\MHMH\H\MHMHMHMHMHM\;

-40 -36 -32 -28 -24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24 28 32 36 40 44 48 52
x[m]

Nr.:

C:\cubus\Data\4195\4195-TOMH I-M4195-TOMH I-I'-ST-R0.L5S



ANIMENIKH EFTKATAZTAZH EZYMNMHPETHEHY Y KA®QON £TH ©EXH WANH NAYTIAKTOY
AIATOMH EAEMXOY I-I

Page 2

19.10.23, 17:08

ZTATIKEG OUVONKES

Larix-5 - Version 2.05

IGlobal safety / AC 1

e L 1 L L L L L B L B BB O B

[w] &
o€

8¢

0¢

1)

dF=0.74
F=191-9.27

'Method: Krey iterative"

9€- 8¢- 0c¢- 1%

44

e

Nr.:
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AIATOMH EAEMXOY I-I

Page 3

19.10.23, 17:08

ZTATIKEG OUVONKES

Larix-5 - Version 2.05

GEOTECHNICAL MODEL

Soil layer boundaries

Description Parameters Polygon points
[0} % [« Point X y Point
9 [kN/m3] | [kN/m?] [m] [m]
T.O. - Avwdoun 45.00 23.50 1000.00 -30.67 -8,06 2 -21.1
3| -17.33 -8.70 4
5 -3.68 -3.50 6
7 0 1.10 8
9 1.00 2.20 10
11 1.55 1.10 12
13 5.00 -3.70 14
15 8.68 -3.50 16
17 22.33 -8.70 18
19 41.00 -3.50 20
BwpdxLon 43.00 18.00 5.00 1 -30.67 -8.06 2 -21.1
3| -17.33 -8.70 4
5 -3.68 -3.50 6
7 0 -3.70 8
9 5.00 -3.50 10
11 16.48 -8.70 12
13 37.93 -3.50 14
15 41.94 -3.19
HDplopa ALBoppLudv 43.00 21.00 0 1 -30.67 -8.06 2 21
3| -17.33 -8.70 4
5 -2.03 -3.70 6
7 5.00 -3.70 8
9 14.53 -8.70 10
11 22.33 -8.70 12
13 41.00 -3.50 14
Efuylavon 38.00 21.00 0 1 -30.67 -8.06 2 -21
3| -17.33 -8.70 4
5 -9.53 -8.70 6
7 22.33 -8.70 8
9 41.00 -3.50 10
Stpdon I (0-5m) 0.00 19.00 12.00 1 -30|67 -8.06 2 -21.16
3| -17.33 -8.70 4
5 18.43 |-10.00 6
7 37.93 -3.50 8
9 41.94 -3.19
Stpwon I+ X ol (0-5m) 21.30 9.30 14.80 1 -30/67 -13.06 g -13.43
3| -13.43 +10.00 4
5 19.31 -9.71 6
Stpwon I (5-10m) 0.00 19.00 19.50 1 -30/67 -13.06 p -13.43
3| -13.43 +15.00 4
5 18.43 |-14.77 6
7 19.31 -9.71 8
Stpdon I+ X ai (5-10m) 14.80 9.30 2/7.50 1 -30/67 -18.06 p -13.43
3| -13.43 +15.00 4

Nr.:
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Description Parameters Polygon points
[0} Y c Point X y Point X y
i [kN/m3] | [kN/m?] [m] [m] [m] [m]
5 18.43 |-14.77 6 41.94 -18.19
Stpdon I (10-15m) 0.00 19.00 34.50 1 -30/67 -18.06 2 -13.43| -16.90
3| -13.43 +20.00 4 18.43 -20.00
5 18.43 |-19.77 6 18.43 -16.00
7 18.43 |-14.77 8 41.94 -18.19
Stpdon I (15-20m) 0.00 19.00 409.50 1 -30/67 -23.06 2 -13.43| -21.90
3 18.43 |-20.00 4 18.43 -19.77
5 41.94 |-18.19
Stpdon I (20-25m) 0.00 19.00 64.50 1 -30/67 -28.06 2 41.94| -23.19
Stpwon I (25-30m) 0.00 19.00 79.50 1 -30/67 -33.0p 2 41.94) -28.19
Water table
Water pressure permanent
Parameters Polygon points
Tw State u Point X y Point X y Point X y
[kN/m?] [m] [m] [m] [m] [m] [m]
10.00 |active static 1 -33.53 0 2  46.98 D
State Groundwater active or inactive in the analysis
u Pore pressure calculated hydrodynamically or hydrostatically
Soil reinforcement elements
Parameters Geometry
H Kmax X1 Y1 X2 Y2
[kN/m?] [kN/m] [m] [m] [m] [m]
25.40 50.00 415.53 -9.30 20.53 -9.30
H Soil reinforcement forces
Kmax Pull-out or breaking force of soil reinforcement element
LOADS
Distributed load
Description Action X1 V1 Xo Yo p1 P2 Orientation
[m] [m] [m] [m] [kN/m?] | [kN/m?]
Live load 0.00 1.10 5.00 1/10 -5.00 -5.00 y
Live load 5.00 2.20 5.00 0 -3.20 -12.6 X
Live load 5.00 0 5.00 -3.50 -12.60 -8.50 X

Nr.:

C:\cubus\Data\4195\4195-TOMH I-M4195-TOMH I-I'-ST-R0.L5S




AIMENIKH EFTKATAZTAZH EZYNMHPETHEHY YKA®QON 2TH ©EXH WANH NAYTIAKTOY

AIATOMH EAEMXOY I-I

Page 5

19.10.23, 17:08

ZTATIKEG OUVONKES
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Line load
Description Action X y Py P
[m] [m] [kN/m] [kN),m]
Live load 0.00 1.10 -15.00 0
CALCULATION OPTIONS
Options
Method o7 n.  Straight extensions of slip circles
[l
Krey 0.0200 50.000 with Safety factor determined iterat ively
St : Convergence tolerance of the iteration
n. : Number of slices
LIMIT VALUES
Slip circle with minimum safety
Circle X y R point of | Anchor F ex Lreq Lmin Remark
No. constraint see footnotes
[m] [m] [m] [l [m] [m]
351 -9.14 | 13.57 [22.51 1 1.91
F ex © existing safety, required safety Freq = 1.00
Lreq : calculated required free anchor length between Lyin - Lmax
Lmin : input minimum free anchor length

Nr.:
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soil model
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b E
N - ]
F rpwon | (0-5m) ]
E $=0.00 ° y=19.00 kN/m3 ¢=2.25 kN/m? ZTpwon | + XaA (5-10m) .
N ©=14.80 ° y=9.30 kN/m3 ¢=27.50 kN/m2 E
of Trpwon | (5-10m) 1
E ®=0.00 ° y=19.00 kN/m3 ¢=6.75 kN/m2 E
[y E
mf Zrpwon | (10-15m) ]
C ®=0.00 ° y=19.00 kN/m3 ¢=34.50 kN/m? 3
N T.O. - Avwdoun E
P ZTpwoon | (15-20m) ©=45.00 ° y=23.50 kN/m3 ¢=1000.00 kN/m2 ]
E ®=0.00 ° y=19.00 kN/m3 c=49.50 kN/m?2 Ouwpdkion s
o S1ptdon | (20-25m) $=43.00 ° y=18.00 kN/m? ¢=5.00 kN/m2 E
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oF Srpwon | (25-30m) Py1=-2.50 KN/M2 pyz=-2.50 kN/m2 $=43.00° y=21.00 kN/m E
F ©=0.00 ° y=19.00 kN/m3 ¢=79.50 kN/m2 . Eguyiavan Water P’_elsggfoekpﬁlfm:“em ]
3 Live loadsehmmrrs _ accidentaP ° Y=21.00 kN/m3 Yw=10. m E
o _ HVe AT accidental g n/m? pe=-5.60 kN/m2 E
r Px=-7.50 KN/m Py=0 kN/m -— E an LN/m?2 pr:'9.70 KkN/m2 ]
F accidental E
g [ px1=-9.70 KN/m?2 pxo=-14.80 kN/m2 1
NS E
60; accidental é
F ay=-0.12 ¢p-40 kN/m2 Kmax=400.00 kN/m 1
AN E
I\): ]
AN E
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HE E
of ]
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IGlobal safety / AC 1

T R L I R O O B I I L B I B B B B I S B I R L B L R B B R R R S LR R R RARRARS R
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r . '\\{ — / 7]
r X
b ﬁy s
O: \\ \\
r |~ \\\[\ . \\P B
: NN\
(= i
N[
C dF=0.16
r F=100-261 ]
L '‘Method: Krey iterative'
IS ]
r il
e s
b ]
N
GF R
oL
Ny h
oL
Wl ]
oL
AL b
INE
L. Lol b b b b b b b b by w b by e e Lol Ll L Ll Ll Ll Ll P N AN T AR OO R
-64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
x [m]
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GEOTECHNICAL MODEL

Soil layer boundaries

Description Parameters Polygon points
[0} % [« Point X y Point
9 [kN/m3] | [kN/m?] [m] [m]
T.O. - Avwdoun 45.00 23.50 1000.00 1 -30.67 -8,06 2 -21.1
3| -17.33 -8.70 4
5 -3.68 -3.50 6
7 0 1.10 8
9 1.00 2.20 10
11 1.55 1.10 12
13 5.00 -3.70 14
15 8.68 -3.50 16
17 22.33 -8.70 18
19 41.00 -3.50 20
BwpdxLon 43.00 18.00 5.00 1 -30.67 -8.06 2 -21.1
3| -17.33 -8.70 4
5 -3.68 -3.50 6
7 0 -3.70 8
9 5.00 -3.50 10
11 16.48 -8.70 12
13 37.93 -3.50 14
15 41.94 -3.19
HDplopa ALBoppLudv 43.00 21.00 0 1 -30.67 -8.06 2 21
3| -17.33 -8.70 4
5 -9.53 -8.70 6
7 0 -3.70 8
9 7.03 -3.70 10
11 16.48 -8.70 12
13 37.93 -3.50 14
15 41.94 -3.19
E¢uylavon 38.00 21.00 0 1 -30.67 -8.06 2 21
3| -17.33 -8.70 4
5 -9.53 -8.70 6
7 22.33 -8.70 8
9 41.00 -3.50 10
Stpwon I (0-5m) 0.00 19.00 2.25 1 -30i67 -8.06 2 -21.16
3| -17.33 -8.70 4
5| -11.48 +10.00 6
7 8.68 |-10.00 8
9 18.43 |-10.00 10
11 37.93 -3.50 12
13 41.94 -3.19
Stpwon I+ X ol (0-5m) 21.30 9.30 14.80 1 -30/67 -13.06 g -13.43
3| -13.43 +10.00 4
5 19.31 -9.71 6
Stpdon I (5-10m) 0.00 19.00 6.75 1 -30/67 -13.06 g -13.43
3| -13.43 +15.00 4
5 18.43 |-14.77 6

Nr.:
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u

Pore pressure calculated hydrodynamically or hydrostatically

Soil reinforcement elements

Parameters Geometry
H Kmax X1 Y1 X2 Y2
[kN/m?] [kN/m] [m] [m] [m] [m]
25.40 /400.00 415.53 -9.30 20.53 -9.30
H Soil reinforcement forces
Kimax Pull-out or breaking force of soil reinforcement element

Babug kUkAog aoToxiag S EIOUIKEG OUVONKES Larix-5 - Version 2.05
Description Parameters Polygon points
[0} Y c Point X y Point X y
[ [kN/m 3 | [kN/m?] [m] [m] [m] [m]
7 19.31 -9.71 8 41.94 -8.19
Stpdon I+ X ai (5-10m) 14.80 9.30 2(7.50 1 -30/67 -18.06 p -13.43| -16.90
3| -13.43 +15.00 4 18.43 -15.00
5 18.43 |-14.77 6 41.94 -18.19
Stpoon I (10-15m) 0.00 19.00 34.50 1 -30/67 -18.06 P -13.43| -16.90
3| -13.43 +20.00 4 18.43 -20.00
5 18.43 |-19.77 6 18.43 -16.00
7 18.43 |-14.77 8 41.94 -18.19
Stpdon I (15-20m) 0.00 19.00 409.50 1 -30/67 -23.06 2 -13.43| -21.90
3 18.43 |-20.00 4 18.43 -19.77
5 41.94 |-18.19
Stpwon I (20-25m) 0.00 19.00 64.50 1 -30/67 -28.06 23 41.94| -23.19
Stpoon I (25-30m) 0.00 19.00 79.50 1 -30/67 -33.0p 2 41.94| -28.19
Water table
Water pressure permanent
Parameters Polygon points
Tw State u Point X Point X Point X y
[kN/m?] [m] [m] [m] [m] [m] [m]
10.00 |active static 1 -33.53 0 46.98 D
State Groundwater active or inactive in the analysis

Nr.:
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LOADS
Distributed load
Description Action X1 Y1 Xo Yo p1 P2 Orientation
[m] [m] [m] [m] [kN/m? | [kN/m?
Live load 0.00 1.10 5.00 1110 -2.50 -2.50 y
accidental 5.00 1.10 5.00 0,60 0 -5.6D X
accidental 5.00 0.60 500 -0.40 -5.6 -9.70 X
accidental 5.00 -0.40 5,00 -3.50 -9.70 -14.80 X
Line load
Description Action X y Py P
[m] [m] [KN/m] [kN/Vm]
Live load 0.00 1.10 -7.50 0
Earthquake load
Description Action ay ay
[al [al
accidental t0.12 D.10

aX
ay

Horizontal acceleration
Vertical acceleration

CALCULATION OPTIONS

Options
Method o7 n_  Straight extensions of slip circles
[l
Krey 0.0200 50.000 with Safety factor determined iterat ively
St Convergence tolerance of the iteration
n. Number of slices

Nr.:

C:\cubus\Data\4195\4195-TOMH I'-M4195-TOMH I'-I'-BaBU¢-SE-R0.L5S




AIMENIKH EFTKATAZTAZH EZYNMHPETHEHY YKA®QON 2TH ©EXH WANH NAYTIAKTOY

AIATOMH EAEMXOY I-I

Page 11

19.10.23, 17:19

Babug kUkAog aoToxiag

S EIOPIKEG OUVOINKEG

Larix-5 - Version 2.05

LIMIT VALUES

Slip circle with minimum safety

Circle X y R point of | Anchor F ex Lreq Lnin Remark
No. constraint see footnotes
[m] [m] [m] [l [m] [m]
742 -27.95 128.19 45.95 2 1.00
Fex existing safety, required safety Feq = 1.00
Lieq calculated required free anchor length between Ly - Linax
Lmin input minimum free anchor length

Nr.:
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soil model
i fu‘\H‘\H‘iu\’uwi\b\éu‘\H‘H\‘H\‘\H‘\H‘H\‘H\‘\\\‘\\L‘[pwu[]|+)\(][\(u.3m)‘u\‘\H‘\H‘\H‘H\‘H\‘\H‘\H‘H\‘H\‘H\‘\H‘H\‘H\‘H\‘\H‘H\‘H\‘\H‘\H‘H\‘\H‘H\‘\H‘H\‘\H‘H\‘\%
el Tpwon | (0-5m) ©=20.00 ° y=9.30 kN/m3 c=14.80 kN/m?2 ]
N[ 9=0.00 ° y=19.00 kN/m3 ¢=2.25 kN/m?2 E
- ) Z1pwon | + XaA (5-10m) -
oE Zrpwon | (5-10m) ¢=16.00 ° y=9.30 kN/m3 c=27.80 kN/m?2 ]
of $=0.00 ° y=19.00 kN/m3 c=6.75 kN/m?2 B
; Zrpwon | (10-15m) E
N~ $=0.00 ° y=19.00 KN/m3 c=34.50 kN/m?2 =
F ) T.0. - Avwdopn E
F Zrpwon | (15-20m) ¢=45.00 ° y=23.50 kN/m3 c=1000.00 kN/m?2 ]
8F 9=0.00 ° y=19.00 kN/m3 c=49.50 kN/m2 Oupdkion e
E Stpion 1 (20-25m) ¢=43.00 ° y=18.00 kN/m3 ¢=5.00 kN/m? E
ol 9=0.00 ° y=19.00 kN/m3 ¢=64.50 kN/m? Live load Mpiopa ABopprmiov , E
r =43.00 ° y=21.00 kN/m 1
E Stpwon | (25-30m) py1=-2.50 kN/m2 py>=-2.50 kN/m2 @ ) ¥ E
F ©=0.00 ° y=19.00 kN/m3 c=79.50 kN/m?2 E&uyiavon . Water prisosg:)ekﬁ/rmaanent 1
N identald ° Y=21.00 kN/m yw=10. m —
z e botcho songn L |
- Px=-7.50 kN/m Py=0 kN/m P E SR UNm? pro=8 70 Khim? g
s é\ accidental ' B
NE pPx1=-9.70 KN/m2 px2=-14.80 kN/m2 1
& =
- accidental 3
IR ax=-0.13 g5.40 kN/m2 Kmax=50.00 kN/m 1
or E
AN 4
B~ 1
b =
©r 1
HF 3
N ]
b E
or 1
Sof E
or 1
= =
Br ]
R T TR U S U TS O PR U DTS SRR T P FUUR N FUUR P FUUE SRR U P DU TS ST T N PUUE SUUN P P FUUR N FUUE P FUTE SRR O P DU PUNE P PO PRI SO PO

-40 -36 -32 -28 -24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24 28 32

36 40 44 48 52
x [m]

Nr.:
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IGlobal safety / AC 1

[w] A

91

dF=0.10
F=1.00-2091
‘Method: Krey iterative'

(4> ve- 91-

ot-

Nr.:
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GEOTECHNICAL MODEL

Soil layer boundaries

Description Parameters Polygon points
[0} % [« Point X y Point
9 [kN/m3] | [kN/m?] [m] [m]
T.O. - Avwdoun 45.00 23.50 1000.00 1 -30.67 -8,06 2 -21.1
3| -17.33 -8.70 4
5 -3.68 -3.50 6
7 0 1.10 8
9 1.00 2.20 10
11 1.55 1.10 12
13 5.00 -3.70 14
15 8.68 -3.50 16
17 22.33 -8.70 18
19 41.00 -3.50 20
BwpdxLon 43.00 18.00 5.00 1 -30.67 -8.06 2 -21.1
3| -17.33 -8.70 4
5 -3.68 -3.50 6
7 0 -3.70 8
9 5.00 -3.50 10
11 16.48 -8.70 12
13 37.93 -3.50 14
15 41.94 -3.19
HDplopa ALBoppLudv 43.00 21.00 0 1 -30.67 -8.06 2 21
3| -17.33 -8.70 4
5 -9.53 -8.70 6
7 0 -3.70 8
9 7.03 -3.70 10
11 16.48 -8.70 12
13 37.93 -3.50 14
15 41.94 -3.19
E¢uylavon 38.00 21.00 0 1 -30.67 -8.06 2 21
3| -17.33 -8.70 4
5 -9.53 -8.70 6
7 22.33 -8.70 8
9 41.00 -3.50 10
Stpwon I (0-5m) 0.00 19.00 2.25 1 -30i67 -8.06 2 -21.16
3| -17.33 -8.70 4
5| -11.48 +10.00 6
7 8.68 |-10.00 8
9 18.43 |-10.00 10
11 37.93 -3.50 12
13 41.94 -3.19
Stpwon I+ X ol (0-5m) 20.00 9.30 14.80 1 -30/67 -13.06 g -13.43
3| -13.43 +10.00 4
5 -3.68 [10.00 6
7 18.43 |-10.00 8
9 41.94 -8.19
Stpoon I (5-10m) 0.00 19.00 6.75 1 -30/67 -13.06 g -13.43

Nr.:
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Description Parameters Polygon points
[0} Y c Point X y Point X
[ [kN/m 3 | [kN/m?] [m] [m] [m] [m]
3| -13.43 +15.00 4 3.68 -15,00
5 8.68 |-15.00 6 18.43 -15.00
7 18.43 |-14.77 8 18.43 -10.00
9 19.31 -9.71 10 41.94 -8.19
Stpwon I+ X ol (5-10m) 16.00 9.30 2(7.80 1 -30/67 -18.06 p -13.43| -16.90
3| -13.43 +15.00 4 3.68 -15/00
5 8.68 |-15.00 6 18.43 -15.00
7 18.43 |-14.77 8 41.94 -18.19
Stpdon I (10-15m) 0.00 19.00 34.50 1 -30/67 -18.06 2 -13.43| -16.90
3| -13.43 +20.00 4 18.43 -20.00
5 18.43 |-19.77 6 18.43 -16.00
7 18.43 |-14.77 8 41.94 -18.19
Stpoon I (15-20m) 0.00 19.00 49.50 1 -30/67 -23.06 P -13.43| -21.90
3 18.43 |-20.00 4 18.43 -19.77
5 41.94 |-18.19
Stpdon I (20-25m) 0.00 19.00 64.50 1 -30/67 -28.06 2 41.94| -23.19
Stpwon I (25-30m) 0.00 19.00 79.50 1 -30/67 -33.0p 2 41.94) -28.19
Water table
Water pressure permanent
Parameters Polygon points
Yw State u Point X y Point X y Point X y
[kN/m?] [m] [m] [m] [m] [m] [m]
10.00 |active static 1 -33.53 0 46.93 D
State Groundwater active or inactive in the analysis

u

Pore pressure calculated hydrodynamically or hydrostatically

Soil reinforcement elements

Parameters Geometry
H Kmax X1 Y1 X2 Y2
[kN/m?] [KN/m] [m] [m] [m] [m]
25.40 | 50.00 41553 -9.30 20.53 -9.30

H
K

max

Soil reinforcement forces
Pull-out or breaking force of soil reinforcement element

Nr.:
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LOADS
Distributed load
Description Action X1 Y1 Xo Yo p1 P2 Orientation
[m] [m] [m] [m] [kN/m?) | [kN/m?]
Live load 0.00 1.10 5.00 1j10 -2.50 -2.50 y
accidental 5.00 0.60 500 -0.40 -5.6 -9.70 X
accidental 5.00 -0.40 5.00 -3.50 -9.70 -14.80 X
accidental 5.00 1.10 5.00 0,60 0 -5.6 X
Line load
Description Action X y Py P
[m] [m] [kN/m] [kN),m]
Live load 0.00 1.10 -7.50 0
Earthquake load
Description Action ay ay
[al [al
accidental t0.13 D.10
ay : Horizontal acceleration
ay : Vertical acceleration
CALCULATION OPTIONS
Options
Method o7 n_  Straight extensions of slip circles
[l
Krey 0.0200 50.000 with Safety factor determined iterat ively
St : Convergence tolerance of the iteration
n. : Number of slices

Nr.:
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LIMIT VALUES

Slip circle with minimum safety

Circle X y R point of | Anchor F ex Lreq Lnin Remark
No. constraint see footnotes
[m] [m] [m] [l [m] [m]
1512 -11.36 2.20 [11.03 2 1.00
Fex existing safety, required safety Feq = 1.00
Lieq calculated required free anchor length between Ly - Linax
Lmin input minimum free anchor length

Nr.:
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soil model
< T T T R R R RN R RN RN R R A R R R R R R R R R R R Rl R RS R Rl R RS RN RRE R RS R
E) N ®=0.00 ° y=19. 00 kN/m3 €=12.00 kN/m?2 Srobon | + Xah (0-5m)
®=22.50 ° y=9.30 kN/m3 c=13.50 kN/m?2
Zrpwon | (5-10m)
N ®=0.00 ° y=19.00 kN/m3 ¢=19.50 kN/m?2
T1pwoon | (10-15m) Zrpwon |+ XoA (5-10m)
N =0.00 ° y=19.00 kN/m3 c=34.50 kN/m2 70 ° y=9.30 kN/m3 ¢=26.10 kN/m?
, Avwdopr - Mepupwpata
5 Z1pwon | (15-20m) (4=45.00 ° y=48.00 kN/m3 =1000.00 kN/m2
®=0.00 ° y=19.00 kN/m3 ¢=49.50 kN/m?
$=45.00 ° y=23.50 kN/m3 ¢=1000.00 kN/m2
- Z1pwon | (20-25m)
N $=0.00 ° y=19.00 kN/m3 c=64.50 kN/m2
Zrpwon | (25-30m) i GWpaK'UZ )
® ©=0.00 ° y=19.00 kN/m3 c=79.50 kN/m2 = ®743: Oonp“.c,]f; NBopprminy 00 KN/m
Live load ° Y=21.00 KN/m3
Py1=-10.00 KN/m2 py2=-10.00 kN/m2 Yiavon
» ¢=38.00 ° y=21.00 kN/m3 Water pressure permanent
Lhe Ioadmi Live load YW=10.00 kN/m3
- Py=-34.00 KN/m Py=0 kN/m é-ipxlz—3.20 kN/m2 pxa=-12.60 kN/m2
“Live load
;pﬁl=—12.60 kN/m2 px2=-8.50 kN/m?2
N

ve- 0c¢- 9T- 4% 8-

8¢-

FT T T T T T T T T [ T [T [T T [T T [T [ T [T [T [ T T[T [T [T T [T T[T [ T T[T [ T [ T T [ T T[T T [ T T T[T T[T T[T TT

~—_
H=24.70 kN/m2 Kmax=300.00 kN/m

-40 -36 -32 -28 -24 -20 -16 -12 -8 -4 0 4

12

16

20

24

28

32

36

40

44 48 52
x[m]

Nr.:
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soil model
< [T T PPy v 0L L ) B B s
E nE $=0.00 ° y=19.00 kN/m3 ¢=12.00 kN/m S1pton | + XaA (0-5m) b
C 9=22.50 ° y=9.30 kN/m3 ¢=13.50 kN/m2 1
i Zrpwon | (5-10m) ]
- ®=0.00 ° y=19.00 kN/m3 ¢=19.50 kN/m?2 -
L Z1pton | (10-15m) Zrpwon |+ XaA (5-10m) 1
N ¢=0.00 ° y=19.00 kN/m3 ¢=34.50 kN/m2 ° y=9.30 kN/m3 ¢=26.10 kN/m2 _
L i Avwdopr - FepupwpaTa ]
- Zrpwon | (15-20m) =4500 ° y=48.00 kN/m3.~=1000.00 kN/m2 4
H ®=0.00 ° y=19.00 kN/m3 c=49.50 kN/m?2 T.0. 1
L . ®=45.00 ¢ y=23.50 kN/m3 ¢=1000.00 kN/m?2 1
l Z1pwon | (20-25m) 1
N ®=0.00 ° y=19.00 kN/m3 c=64.50 kN/m?2 ) 7]
r Srpwon | (25-30m) 43,00t Qenc:)‘pg\lﬂirl e o0 K ]
— ®=0.00 ° y=19.00 kN/m3 ¢=79.50 kN/m?2 =43 Mpioua ABoppIT@V _
: Live load® y=21.00 kN/m3 ]
r Py1=-10.00 KN/m?2 py2=-10.00 kN/mz "avOn 1
B ¢=38.00 * y=21.00 kN/m3 Water pressure permanent B
i Live Ioad:mXD:D:[1 Live load Yw=10.00 kijm? ]
- Py=-34.00 kN/m Py=0 kN /m——————Px1=-3.20 KN/M?2 pyz=-12.60 kN/m2 ]
r ' rLive load 1
L [Px1=-12.60 kN/m? px2=-8.50 kN/m? ]
N = J
r H=24.70 kN/m2 Kmax=300.00 kN/m E
b :
i I 4
Rl .
© I 4
&l .
@ I 4
L Ll Ll Ll Ll L]

P P P P P P P
-40 -32 -24 -16 -8 0 8

16

24

32

P
40

48 56
x[m]
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GEOTECHNICAL MODEL

Soil layer boundaries

Description Parameters Polygon points
[0} % [« Point X y Point X
[ [kN/m3] | [kN/m?] [m] [m] [m] [m]
Avwdoun - Teopupduota 45.00 | 48.00 1000.00 1 -22.44 -3,50 2 -15.00 -3.50
3| -11.40 -4.70 4 5.48 -4.70
5 -3.68 -3.50 6 0 3.50
7 0 1.10 8 1.00 1.10
9 1.00 2.20 10 1.40 2.20
11 1.55 1.10 12 5.00 1.10
13 5.00 -3.70 14 5.00 -3.50
15 8.68 -3.50 16 10.48 -4.70
17 16.40 -4.70 18 20.00 -8.50
19 37.93 -3.50
T.O. 45.00 23.50 1000.00 1 -22.44 -3.50 2 -15.00 -3.50
3| -11.40 -4.70 4 5.48 -4.70
5 -3.68 -3.50 6 0 3.50
7 0 0 8 5.00
9 5.00 -3.70 10 5.00 -3.50
11 8.68 -3.50 12 10.48 -4.70
13 16.40 -4.70 14 20.00 -8.50
15 37.93 -3.50
Bwpdx Lon 43.00 18.00 5.00 1 -22.44 -3.50 2 -15.00 -3.50
3| -11.40 -4.70 4 5.48 -4.70
5 -3.68 -3.50 6 0 3.50
7 0 -3.70 8 5.00 -3.70
9 5.00 -3.50 10 8.68 -3.50
11 10.48 -4.70 12 16.40 -4.70
13 20.00 -3.50 14 37.93 -8.50
HDplopa ALBoppLudv 43.00 21.00 0 1 22.44 -3.50 2 -15,00 -3.50
3| -11.40 -4.70 4 3.53 -4.70
5 -2.03 -3.70 6 0 3.70
7 5.00 -3.70 8 7.03 43.70
9 8.53 -4.70 10 10.48 -4.70
11 16.40 -4.70 12 20.00 -8.50
13 37.93 -3.50
Efuylavon 38.00 21.00 0 1 -22.44 -3.50 2 -15.00 -3.50
3| -11.40 -4.70 4 16.40 -4.70
5 20.00 -3.50 6 37.93 -3.50
Stpwon I (0-5m) 0.00 19.00 12.00 1 -22/44 -3.50 -15.00 -3.50
3| -11.40 -4.70 4 7.50 -6.00
5 12.50 -6.00 6 16.40 -4.70
7 20.00 -3.50 8 37.93 -3.50
Stpdon I+ X ai (0-5m) 22.50 9.30 13.50 1 -22|53 -7.53 -7.50 -7.22
3 -7.50 -6.00 4 12.50 -6.00
5 12.50 -6.51 6 35.78 -5.63
Stpdon I (5-10m) 0.00 19.00 19.50 1 -22/44 -7.53 -7.50 -7.22
3 -7.50 }11.00 4 12.50 -11.00

Nr.:
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Pore pressure calculated hydrodynamically or hydrostatically

Soil reinforcement elements

Description Parameters Polygon points
[0} Y c Point X y Point X y
[ [kN/m 3 | [kN/m?] [m] [m] [m] [m]
5 12.50 -6.51 6 35.78 -56.63
Stpdon I+ X ai (5-10m) 17.70 9.30 26.10 1 -22/44 -12.58 -7.50| -12.22
3 -7.50 |11.00 4 12.50 -11.00
5 12.50 |-11.51 6 35.78 -10.63
Stpoon I (10-15m) 0.00 19.00 34.50 1 -22/44 -12.58 -7.50| -12.22
3 -7.50 |-16.00 4 12.50 -16.00
5 12.50 |-11.51 6 35.78 -10.63
Stpoon I (15-20m) 0.00 19.00 49.50 1 -22/41 -17.58 -2.58| -17.15
3 4.04 |-16.80 4 12.68 -165.50
5 35.78 |-15.63
Stpwon I (20-25m) 0.00 19.00 64.50 1 -22/41 -22.58 -2.58| -22.15
3 4.04 |-21.80 4 12.68 -21.50
5 35.78 |-20.63
Stpwon I (25-30m) 0.00 19.00 79.50 1 -22/41 -27.58 -2.58| -27.15
3 4.04 |-26.80 4 12.68 -26.50
5 35.78 |-25.63
Water table
Water pressure permanent
Parameters Polygon points
Yw State u Point X y Point X y Point X y
[kN/m?) [m] [m] [m] [m] [m] [m]
10.00 |active static 1 -33.53 0 46.93 D
State Groundwater active or inactive in the analysis

Parameters Geometry
H Kmax X1 Y1 ) Y2
[kN/m?] [kN/m] [m] [m] [m] [m]
24.70 |300.00 |-9.60 5.30 14.60 -5.30
H Soil reinforcement forces
Kimax Pull-out or breaking force of soil reinforcement element

Nr.:
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LOADS

Distributed load

Description Action X1 Y1 Xo Yo p1 P2 Orientation
[m] [m] [m] [m] [kN/m?) | [kN/m?]
Live load 0.00 1.10 5.00 10 -10.00 -10.00 y
Live load 5.00 2.20 5.00 0 -3.20 -12.6 X
Live load 5.00 0 5.00 .50 -12.60 -8.50 X
Line load
Description Action X y Py P,
[m] [m] [kN/m] [kN),m]
Live load 0.00 1.10 -34.00 0
CALCULATION OPTIONS
Options
Method o1 n_  Btraight extensions of slip circles
[l
Krey 0.0200 50.000 with Safety factor determined iterat ively
31 : Convergence tolerance of the iteration
ng : Number of slices
LIMIT VALUES
Slip circle with minimum safety
Circle X y R point of | Anchor F ex Lreq Lnin Remark
No. constraint see footnotes
[m] [m] [m] [l [m] [m]
544 -3.12 | -1.88 7.89 4 R.97
Fex : existing safety, required safety Feq = 1.00
Lieq : calculated required free anchor length between Lyin - Liax
Lmin : input minimum free anchor length

Nr.:
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soil model
A A A A AP MAO o g ,‘Z‘é‘s‘m‘/uz‘_H‘m‘u“m‘m‘m‘m‘m‘m‘m‘m‘m‘m‘m‘m_H‘m‘u“m‘m‘m‘m‘m‘m‘m‘m_H‘m‘m‘m_H‘m‘m‘m_
ERN) $=0.90"y= m*e= m 1pG0N | + XaA (0-5m)
®=22.50 ° y=9.30 kN/m3 ¢=13.50 kN/m?
Zrpwon | (5-10m)
N ®=0.00 ° y=19.00 kN/m3 ¢=6.75 kN/m?2 3
Zrpwaon | + XaA (5-10m)
= °y= 3¢c= 2
S1pthon | (10-15m) $=17.70 ° y=9.30 kN/m3 ¢=26.10 kN/m
PS4 ¢=0.00 ° y=19.00 kN/m3 ¢=34.50 kN/m2
. Avwdopn - Mepupwpata
5 Zrpuwon | (15-20m) 9=45.00 * y=48.00 kN/m? =1000.00 kN/m?
®=0.00 ° y=19.00 kN/m3 ¢=49.50 kN/m?2
. $=45.00 ° y=23.50 kN/m3 €=1000.00 kN/m?2
- Z1pwon | (20-25m)
N ©=0.00 ° y=19.00 kN/m3 ¢=64.50 kN/m2
., Owpdkion
rpwon | (25-30m)
o 3 0= 2
® =0.00 * y=19.00 kN/m3 c=79.50 k/mz | P=43 00 8 p e -0 KN/m
Live load * Y=21.00 kN/m3
py1=-5.00 KN/m?2 py2=-5.00 kN/m2 >U¥iovon
& $=38.00 ° y=21.00 KN/m3 Water pressure permanent
yw=10.00 kN/m3
° Live loadd aCC'dem:'CClge:rtzlrnz D1r=-5.60 kN/m2
Px=-17.00 kN/m Py=0 kN/m §paCCIdepI%alN/m2 Px2=-9.70 KN/m2
| pxi=-9.70 kN/m2 py2=-14.80 kN/m?
A

& accidental
ax=-0.12 ¢

:

AN

N

:

i

(o2}

:

N

o

N)

N

S)

@

AR R R N RN R N N N R R RN N RN RN R R

H=24.70 kN/m2 Kmax=300.00 kN/m
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IGlobal safety / AC 1

T A L I R I L B I B B L I B I O I L R S I L I B B B B B R L RS LS RS LARS AR RN RARR
2 &0 h
N ]
or
L 1T 3
r ‘[‘\L\\ I |
- |
wl < \H\ N ]
¢ Al
F \_ \\\t,goo AT
C - ol )| 1
g ~ N\ e \\\\ J )
NE \ L W |/ ]
i R NN A
L \ = \‘\\;\;/ (" //
I = (G = [ -
C I \\Q/’/ [ \
= -
ol
. dF=0.14
— F=100-241 —
[ ‘Method: Krey iterative'
o -
E B
o m
b N
iy 1
[o )
o h
NN
ol ]
N
AL B
oL
Bl b b b b b b b b b b L Ll Ll PN B I B B ol L P B AN TN IV RPN [
-64 -56 -48 -40 -32 -24 -16 -8 0 8 16 24 32 40 48 56 64 72 80
x [m]
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GEOTECHNICAL MODEL

Soil layer boundaries

Description Parameters Polygon points
[0} % [« Point X y Point
9 [kN/m3] | [kN/m?] [m] [m]
Avwdoun - Teoupdpota 45.00 48.00 1000.00 1 -22.44 -3,50 2 -15.0
3| -11.40 -4.70 4
5 -3.68 -3.50 6
7 0 1.10 8
9 1.00 2.20 10
11 1.55 1.10 12
13 5.00 -3.70 14
15 8.68 -3.50 16
17 16.40 -4.70 18
19 37.93 -3.50
T.O. 45.00 23.50 1000.00 1 -22.44 -3.50 2 -15.00
3| -11.40 -4.70 4
5 -3.68 -3.50 6
7 0 0 8
9 5.00 -3.70 10
11 8.68 -3.50 12
13 16.40 -4.70 14
15 37.93 -3.50
Bwpdx Lon 43.00 18.00 5.00 1 -22.44 -3.50 2 -15.
3| -11.40 -4.70 4
5 -3.68 -3.50 6
7 0 -3.70 8
9 5.00 -3.50 10
11 10.48 -4.70 12
13 20.00 -3.50 14
HDplopa ALBoppLudv 43.00 21.00 0 1 22.44 -3.50 2 -15,
3| -11.40 -4.70 4
5 -2.03 -3.70 6
7 5.00 -3.70 8
9 8.53 -4.70 10
11 16.40 -4.70 12
13 37.93 -3.50
Efuylavon 38.00 21.00 0 1 -22.44 -3.50 2 -15,
3| -11.40 -4.70 4
5 20.00 -3.50 6
Stpwon I (0-5m) 0.00 19.00 2.25 1 -22.44 -3.50 2 -15.Q
3| -11.40 -4.70 4
5 12.50 -6.00 6
7 20.00 -3.50 8
Stpdon I+ X aA (0-5m) 22.50 9.30 13.50 1 -22|53 -7.53 2 -7.50
3 -7.50 -6.00 4
5 12.50 -6.51 6
Stpdon I (5-10m) 0.00 19.00 6.75 1 -22.44 -1.53 2 -7.5
3 -7.50 }11.00 4

Nr.:
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Pore pressure calculated hydrodynamically or hydrostatically

Soil reinforcement elements

Description Parameters Polygon points
[0} Y c Point X y Point X y
[ [kN/m®] | [kN/m?] [m] [m] [m] [m]
5 12.50 -6.51 6 35.78 -56.63
Stpdon I+ X ai (5-10m) 17.70 9.30 26.10 1 -22/44 -12.58 -7.50| -12.22
3 -7.50 |11.00 4 12.50 -11.00
5 12.50 |-11.51 6 35.78 -10.63
Stpoon I (10-15m) 0.00 19.00 |34.50 1 -22.44 -12.53 2 -7.50 -12.22
3 -7.50 [-16.00 4 12.50 -16.00
5 12.50 |-11.51 6 35.78 -10.63
Stpoon I (15-20m) 0.00 19.00 |49.50 1 -22.41 -17.53 2 -2.58 -17.15
3 4.04 |-16.80 4 12.68 -165.50
5 35.78 |-15.63
Stpwon I (20-25m) 0.00 19.00 64.50 1 -22.41 -22.53 2 -2.58 -22.15
3 4.04 |-21.80 4 12.68 -21.50
5 35.78 |-20.63
Stpwon I (25-30m) 0.00 19.00 79.50 1 -22.41 -27.53 2 -2.58 -27.15
3 4.04 |-26.80 4 12.68 -26.50
5 35.78 |-25.63
Water table
Water pressure permanent
Parameters Polygon points
Yw State u Point X y Point X y Point X y
[kN/m?) [m] [m] [m] [m] [m] [m]
10.00 |active static 1 -33.53 0 46.93 D
State Groundwater active or inactive in the analysis

Parameters Geometry
H Kmax X1 Y1 ) Y2
[kN/m?] [KN/m] [m] [m] [m] [m]
24.70 |300.00 |-9.60 5.30 14.60 -5.30
H Soil reinforcement forces
Kimax Pull-out or breaking force of soil reinforcement element

Nr.:

C:\cubus\Data\4195\4195-TOMH A-A\4195-TOMH A-A-SE-R0.L5S




AIATOMH EAETXOY A-A

ANIMENIKH EFTKATAZTAXH EZYNMHPETHEHY YKA®QON 2TH ©EXH WANH NAYTIAKTOY Page 10

19.10.23, 18:07

S EIOUIKEG OUVONKES Larix-5 - Version 2.05
LOADS
Distributed load
Description Action X1 Y1 Xo Yo p1 P2 Orientation
[m] [m] [m] [m] [kN/m?) | [kN/m?]
accidental 5.00 1.10 5.00 0.60 0 -b.60
accidental 5.00 0.60 5.00 -0.40 -5.60 -9.70 X
accidental 5.00 -0.40 5.00 3.50 -9.70 -14.80 X
Live load 0.00 1.10 5.00 1.10 -5.00 -5,00 y
Line load
Description Action X y Py P
[m] [m] [KN/m] [kN/Vm]
Live load 0.00 1.10 17.00 0
Earthquake load
Description Action ay ay
[a] [¢]
accidental -0.12 0.10
ay : Horizontal acceleration
ay : Vertical acceleration
CALCULATION OPTIONS
Options
Method o7 n_  Straight extensions of slip circles
[l
Krey 0.0200 50.000 with Safety factor determined iterat ively
31 : Convergence tolerance of the iteration
n. : Number of slices
Nr.:
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LIMIT VALUES

Slip circle with minimum safety

Circle X y R point of | Anchor F ex Lreq Lnin Remark
No. constraint see footnotes
[m] [m] [m] [l [m] [m]
643 -19.77 130.30 42.72 3 1.00
Fex existing safety, required safety Feq = 1.00
Lieq calculated required free anchor length between Ly - Linax
Lmin input minimum free anchor length

Nr.:
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: 4195-TOMH-T-T-R0O

: TEQTEXNIKEZ NAPAMETPOI EAA®IKON XTPQXEQN MNMYOMENA

: Triton Consulting Engineers Ltd.

Date : 19/10/2023

Output : Soil and Interfaces Info - Hardening Soil Step : 55 Page: 1
Number Identification Type Ydry Ywet K, Ky Eg%f Engd ELerf Cref
3 3 [m/day] [m/day] 2 2 2 2
[KN/m™~] [KN/m™~] Yy Yy [KN/m“] [KN/m“] [KN/m“] [KN/m“]
2 Layer | Undrained 19.0 19.0 2.8000E-5 | 1.4000E-5 3400.0 3000.0 10200.0 2.0
4 Layer | + Stone columns Drained 19.3 19.3 0.0050 0.0050 5400.0 4800.0 16200.0 1.7




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : FTEQTEXNIKEZ MAPAMETPOI EAA®IKQN XTPQZEQN NMYOMENA
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023
User name

Project name

Output

: Soil and Interfaces Info - Hardening Soil Step : 55 Page : 2
Number ® v Vur Pret Power Ko Cincr Yiet Cy €init €min
[°] [°] [-] [kN/m?] [-] [-] [kN/m?] [m] [-] [-] [-]
2 25.0 0.0 0.20 100 1.000 0.577 0.0 0.0 1E15 1.0 0.0
4 32.0 0.0 0.20 100 1.000 0.470 0.0 0.0 1E15 1.0 0.0




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: TEQTEXNIKEZ NAPAMETPOI EAA®IKON XTPQXEQN MNMYOMENA

: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Soil and Interfaces Info - Hardening Soil Step : 55 Page : 3
Number €nax R¢ T-Strength Rinter Interface Permeability s-inter
[-] [-] [kN/m?] [-] [-] [m]
2 999.0 0.90 0.0 1.00 Neutral 0.000
4 999.0 0.90 0.0 1.00 Neutral 0.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

: MAPAMETPOI FTEQYAIKQN KAI AOITTQN YAIKQN NOY AOMOYN TO 2QMA TOY EPIFoy

Date : 19/10/2023

Output : Soil and Interfaces Info - Mohr-Coulomb Step : 55 Page: 1
Number Identification Type Ydry Ywet Ky ky v E et Cref [0}
[kN/m?] [kN/m?] [m/day] [m/day] [-] [kN/m?] [kN/m?] [°]
1 Crushed stone Drained 21.0 21.0 10.0000 10.0000 0.25 41667.0 1.0 43.0
3 Concrete Drained 23.5 23.5 1.0000E-7 1.0000E-7 0.20 3E7 1E3 0.0
5 Armor stone Drained 18.0 18.0 100.0000 100.0000 0.25 83333.0 5.0 43.0
6 Sand gravel Drained 21.0 21.0 0.1000 0.1000 0.30 22286.0 0.5 36.0




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: MAPAMETPOI TEQYAIKQN KAI AOIMQN YAIKQN NOY AOMOYN TO ZQMA TOY EPIoy
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Soil and Interfaces Info - Mohr-Coulomb Step : 55 Page : 2
Number v Einer Ciner Yref Cy it T-Strength Rinter Interface Permeability
[°] [kN/m?] [kN/m?] [m] [-] [-] [kN/m?] [-] [-]
1 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral
3 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral
5 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral
6 0.0 0.0 0.0 0.0 1E15 1.0 0.0 0.80 Neutral




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : TAPAMETPOI TEQY®AXMATOZ ONOMAXTIKHZ EQEAKYZTIKHZ ANTOXHZ 800 kKN/m

User name

Project name

: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Material data sets - Geotextiles Step : 55 Page: 1
Number Identification EA v
[kN/m] [-]
1 800 kN/m 6.7E3 0.00




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ZTAAIA ANAAYZHZ Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I"-R0.plx

Output : Calculations list Page: 1
Identification Phase No. | Start from | Calculation Loading input First | Last | Water
Initial phase 0 N/A N/A N/A 0
ApxIKA KatdoToon 1 0 Plastic Total multipliers 1 2 0
Ekokagn TuBpéva 2 1 Plastic Staged construction 3 6 0
Kataokeur] XaAIKOTTAOGAAWY Kal EEUYIAVTIKAG GTPWONG 3 2 Plastic Staged construction 7] 13 0
Kataokeur] Trpiopatog £€dpacng (AoTpdyyIoTEG GUVORKEG) 4 3 Plastic Staged construction| 14 | 24 0
OMokAApwon A’ @dong Kataokeung: Tommobétnon T.0. (AoTpdyyIoTEG GUVOAKEG) 5 4 Plastic Staged construction| 25| 28 0
Atroudkpuvon T.0. em@opTiong (aoTPdyyIoTEG CUVOAKEG) 6 5 Plastic Staged construction| 29| 35 0
Kataokeur Trpiopatog £€dpaocng (oTpayyI{OUEVEG GUVONKEG) 7 3 Plastic Staged construction| 36 | 46 0
TotoBétnon T.0. (oTpayyI{OuEVEG GUVONKEG) 8 7 Plastic Staged construction| 47 | 49 0
Kataokeur) avwdopng (oTpayyI{OUEVES GUVORKEG) 9 8 Plastic Staged construction| 50| 52 0
EmiBoAR KivnTwyv 10 9 Plastic Total multipliers 53| 55 0




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name
Project name

Output

: ZTAAIA ANAAYZHZ
: Triton Consulting Engineers Ltd.
: 4195-TOMH-T-I'-R0.plx

: Calculations list

Date : 19/10/2023

Page : 2

Log info

N/A

No errors.

No errors.

No errors.

No errors.

No errors.

No errors.

No errors.

No errors.

No errors.

No errors.
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 1: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step: 2 Page: 1
Step info
Step : 2 of 55 Extrapolation factor : 0.000
PLASTIC STEP Relative stiffness : 1.000
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.979
Active proportion of stage Mstage : 0.000 >Mstage : 0.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 1: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step: 2 Page : 2

Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m
ForceY : 0.000 kN/m
PLASTIC STEP

Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.004 12115 12115 413 0 0 0 0
2 0.002 12458 12458 101 0 0 0 0
3 0.009 12536 12536 647 0 0 0 0
4 0.002 12958 12958 60 0 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 2: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step: 6 Page: 1
Step info
Step : 6 of 55 Extrapolation factor : 0.493
PLASTIC STEP Relative stiffness : 0.539
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.916
Active proportion of stage Mstage : 0.068 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 2: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step: 6 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 1233 1233 0 0 0 0 0
2 0.000 1224 1224 7 0 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 3: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 13 Page: 1
Step info
Step : 13 of 55 Extrapolation factor : 1.833
PLASTIC STEP Relative stiffness : 1.021
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.931
Active proportion of stage Mstage : 0.358 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 3: ZTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step : 13 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 271 94 16 0 0 0 0
2 0.000 271 94 1 0 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 4: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 24 Page: 1
Step info
Step : 24 of 55 Extrapolation factor : 0.090
PLASTIC STEP Relative stiffness : 0.166
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.964
Active proportion of stage Mstage : 0.020 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 4: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step : 24 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 26.858 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 6182 5238 2263 29 27 0 0
2 0.000 6113 5216 124 28 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®AZH 5: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 28 Page: 1
Step info
Step : 28 of 55 Extrapolation factor : 0.347
PLASTIC STEP Relative stiffness : 0.197
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.973
Active proportion of stage Mstage : 0.105 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 5: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step : 28 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 41.572 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 8100 6542 1166 98 81 0 0
2 0.001 8024 6519 193 98 0 0 0




20.000

-50.000 -40.000 -30.000 -20.000 -10.000 0.000 10.000
II‘II\I|\II\‘\I\\|HI\‘IHI‘\IH‘IHI‘\I\\‘HI\‘III\‘I\II‘II\I‘\HI‘\IH‘HI\‘I\I\‘I\II‘II\I‘\III‘\IH‘HI\‘
10.000
0.000
-10.000
-20.000 i
-30-000
-40-000
| :';:M‘ 2
- . EXcess p
i - Extreme excess pore
i i (pressure
“ Project description o
Project name e \ Step Us
. Eadmdins
Finite Elem T T+

Version 7.2.9.147

30.000 40.000 50.000

MEPT]

ame

Tritc

kN/m?
2.500
0.000
-2.500
-5.000
-7.500
-10.000
-12.500
-15.000
-17.500
-20.000
-22.500
-25.000
-27.500
-30.000
-32.500
-35.000
-37.500
-40.000
-42.500

IEXEQN MNMOPQN

)n Consulting Engineers Ltd.




-50.000 -40.000 -30.000 -20.000 -10.000 0.000 10.000 20.000

=
o
1=

|
P [N T S S e N T S S M AT
O

00

00

Version 7.2.9.147

A2H:

ame

3(

.000 40.000 50.000

0.020
-0.000
-0.020
-0.040
-0.060
-0.080
-0.100
-0.120
-0.140
-0.160
-0.180

-0.200

> KATAZKEYHZ

n Consulting Engineers Ltd.




0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00 3.30 3.60 3.90 4.20 4.50 4.80 5.10 5.40

270 -

w
o
S

w
w
o

w
o)
o

w
©
o

&
N
o

B
o1
o

.
o)
o

vV v

o
HN
o

a
N
o

-5.70

Vertical displacements 3
Extreme vertical displacement -198.45*10™ m

Project description
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®PAZH 5: ANNIOTEAEZMATA ANAMENOMENQN KA®OIZHZEQN A" ®AZHX XTHN EAPAXH TQN T.O.
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : TOMH-I'-I-R0.028 -- Cross Section A - A* Table Step : 28 Page: 1
X Y Uy
[m] [m] [10° m]
0.001 -3.702 -197.315
1.665 -3.702 -198.445
1.665 -3.702 -198.445
1.667 -3.702 -198.446
1.667 -3.702 -198.446
1.669 -3.702 -198.445
1.669 -3.702 -198.445
3.333 -3.702 -196.685
3.333 -3.702 -196.685
3.337 -3.702 -196.679
3.337 -3.702 -196.679
5.000 -3.702 -192.070
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 6: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 35 Page: 1
Step info
Step : 35 of 55 Extrapolation factor : 0.594
PLASTIC STEP Relative stiffness : 0.073
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.971
Active proportion of stage Mstage : 0.010 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®PAZH 6: ZTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step : 35 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 36.816 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 222 1 35 10 0 0 0
2 0.000 219 1 19 12 0 0 0
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Finite ElemaNLE008 10T SoTan TRoRAnay e O o= OHY - 19110723 Triton Consulting Engineers Ltd.
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Vertical displacements 3
Extreme vertical displacement -183.34*10™ m

Project description

PLAX I S | PA2H 6: AIATPAMMA KAGIZHZEQN 2THN EAPAXH TON T.O.

Step Date User name

Finite Element Code for Soil and Rock Analyse4195'TOM H'r'r. . 35 19/10/23 Tl’lton COI’]SUHZIHQ EnglneerS Ltd .

Version 7.2.9.147



Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®PAZH 6: ANIOTEAEZMATA KAGIZHZEQN XTHN EAPAXH TQN T.0. META THN ANMOMAKPYNZH THX ENI®.
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : TOMH-I'-I-R0.035 -- Cross Section A - A* Table Step : 35 Page: 1
X Y Uy
[m] [m] [10° m]
0.002 -3.699 -182.102
1.667 -3.699 -183.345
1.667 -3.699 -183.345
3.332 -3.699 -181.715
3.332 -3.699 -181.715
3.333 -3.699 -181.712
3.333 -3.699 -181.712
3.335 -3.699 -181.710
3.335 -3.699 -181.710
5.000 -3.699 -177.247
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 7: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 46 Page: 1
Step info
Step : 46 of 55 Extrapolation factor : 0.741
PLASTIC STEP Relative stiffness : 0.459
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.964
Active proportion of stage Mstage : 0.178 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 7: ZTOIXEIA ANAAYZHZ Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 46 Page : 2
Tunnels

Input value [%] Realized value [%]

Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m

PLASTIC STEP

Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.002 10086 8221 128 42 0 0 0

2 0.002 10074 8215 238 42 0 0 0
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®A2H 8: TOMNOBGETH2K T.O. (XTPAITIZOMENE?)
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®AZH 8: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 49 Page: 1
Step info
Step : 49 of 55 Extrapolation factor : 0.133
PLASTIC STEP Relative stiffness : 0.104
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.971
Active proportion of stage Mstage : 0.040 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 8: XTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step : 49 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 9884 8611 386 94 48 0 0
2 0.001 9711 8478 143 92 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 9: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 52 Page: 1
Step info
Step : 52 of 55 Extrapolation factor : 0.251
PLASTIC STEP Relative stiffness : 0.112
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.972
Active proportion of stage Mstage : 0.043 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 9: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : Calculation information Step : 52 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 10340 8755 453 111 29 0 0
2 0.001 10121 8580 165 110 0 0 0
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Vertical displacements 3
Extreme vertical displacement -230.19*10™ m

Project description

PL JARTQIRY . 2ATH o: AIATPAMMA EYNOAIKON KAGIZHIEGN EAPAZHS T.0.

Step Date User name

Finite Element Code for Soil and Rock Analyse4195'TOM H'r'r. . 52 19/10/23 TI‘I'[OH COnSU|'[Ing EnglneerS Ltd .

Version 7.2.9.147



Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 9: AMIOTEAEZMATA ZYNOAIKQN (AMEZQN + MAKPOXPONIQN) KAGIZHZEQN - EAPAZH T.O.
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : TOMH-I'-I-R0.052 -- Cross Section A - A* Table Step : 52 Page: 1
X Y Uy
[m] [m] [10° m]
0.001 -3.699 -229.962
1.667 -3.699 -230.190
1.667 -3.699 -230.190
3.332 -3.699 -227.837
3.332 -3.699 -227.837
3.333 -3.699 -227.835
3.333 -3.699 -227.835
3.334 -3.699 -227.833
3.334 -3.699 -227.833
5.000 -3.699 -222.692
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 10: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 55 Page: 1
Step info
Step : 55 of 55 Extrapolation factor : 0.194
PLASTIC STEP Relative stiffness : 0.080
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.972
Active proportion of stage Mstage : 0.000 >Mstage : 0.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 10: ZTOIXEIA ANAAYZHZ Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-T-I'-R0O

Output : Calculation information Step : 55 Page : 2
Tunnels

Input value [%] Realized value [%]

Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.983 kN/m?
ForceY : 0.000 kN/m

PLASTIC STEP

Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.009 8621 7386 220 107 5 0 0

2 0.009 7834 6702 115 106 0 0 0
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570

Vertical displacements 3
Extreme vertical displacement -5.99*10™ m

Project description

PL AX | S ~ ®A3H 10: AIATPAMMA MPOZOETQN KAOIZHZEQN EAPAZHS T.O.
Finite Element Code for Soil and RockAnaIyse4195'TOM H'r'r 55 19/10/23 TI’ItOn COﬂSUlt'ng EnglneerS Ltd

Version 7.2.9.147



Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 10: ATIOTEAEZMATA NMPOZOETON KAGIZHZEQN XTHN EAPAXH TQON T.0. AOI'Q KINHTQN
: Triton Consulting Engineers Ltd.

: 4195-TOMH-T-T-R0O

Date : 19/10/2023

Output : TOMH-I'-I'-R0.055 -- Cross Section A - A* Table Step : 55 Page: 1
X Y Uy
[m] [m] [10° m]
0.001 -3.699 -5.987
1.667 -3.699 -5.597
1.667 -3.699 -5.597
3.332 -3.699 -5.207
3.332 -3.699 -5.207
3.333 -3.699 -5.206
3.333 -3.699 -5.206
3.334 -3.699 -5.206
3.334 -3.699 -5.206
5.000 -3.699 -4.816
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: TEQTEXNIKEZ NAPAMETPOI LTPQXEQN NMYOMENA
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Soil and Interfaces Info - Hardening Soil Step : 44 Page: 1
Number Identification Type Ydry Ywet K, Ky Eg%f Engd ELerf Cref
3 3 [m/day] [m/day] 2 2 2 2
[KN/m™~] [KN/m™~] Yy Yy [KN/m“] [KN/m“] [KN/m“] [KN/m“]
2 Layer | Undrained 19.0 19.0 2.8000E-5 | 1.4000E-5 3400.0 3000.0 10200.0 2.0
4 Layer | + Stone columns Drained 19.3 19.3 0.0050 0.0050 6800.0 6000.0 20400.0 1.7




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : FTEQTEXNIKEZ MAPAMETPOI EAA®IKQN XTPQZEQN NMYOMENA
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023
User name

Project name

Output

: Soil and Interfaces Info - Hardening Soil Step : 44 Page : 2
Number ® v Vur Pret Power Ko Cincr Yiet Cy €init €min
[°] [°] [-] [kN/m?] [-] [-] [kN/m?] [m] [-] [-] [-]
2 25.0 0.0 0.20 100 1.000 0.577 0.0 0.0 1E15 1.0 0.0
4 32.0 0.0 0.20 100 1.000 0.470 0.0 0.0 1E15 1.0 0.0




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: TEQTEXNIKEZ NAPAMETPOI EAA®IKON XTPQXEQN MNMYOMENA

: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Soil and Interfaces Info - Hardening Soil Step : 44 Page : 3
Number €nax R¢ T-Strength Rinter Interface Permeability s-inter
[-] [-] [kN/m?] [-] [-] [m]
2 999.0 0.90 0.0 1.00 Neutral 0.000
4 999.0 0.90 0.0 1.00 Neutral 0.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

: EAAGIKEZ MAPAMETPOI TEQYAIKQN KAI AOITTON YAIKQN MOY AOMOYN TO ZQMA TOY EPTOY

Date : 19/10/2023

Output : Soil and Interfaces Info - Mohr-Coulomb Step : 44 Page: 1
Number Identification Type Yary Ywet K, ky v E ot Cret ®

[kN/m] [kN/m] [m/day] [m/day] [-] [kN/m?] [kN/m?] [°]
1 Crushed stone Drained 21.0 21.0 10.0000 10.0000 0.25 41667.0 1.0 43.0
3 Concrete Blocks Drained 23.5 23.5 1.0000E-7 1.0000E-7 0.20 3E7 1E3 45.0
5 Armor stone Drained 18.0 18.0 100.0000 100.0000 0.25 83333.0 5.0 43.0
6 Sand gravel Drained 21.0 21.0 0.1000 0.1000 0.30 22286.0 0.5 36.0
7 Concrete Cope Drained 48.0 48.0 1.0000E-7 1.0000E-7 0.20 3E7 1E3 45.0




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: EAA®IKEX MAPAMETPOI TEQYAIKQN KAI AOINQN YAIKQN MOY AOMOYN TO ZQMA TOY EPIFoy
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Soil and Interfaces Info - Mohr-Coulomb Step : 44 Page : 2
Number v Einer Ciner Yref Cy it T-Strength Rinter Interface Permeability
[°] [kN/m*] [kN/m*] [m] [-] [-] [kN/m?] [-] [-]

1 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral

3 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral

5 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral

6 0.0 0.0 0.0 0.0 1E15 1.0 0.0 0.80 Neutral

7 0.0 0.0 0.0 0.0 1E15 1.0 0.0 1.00 Neutral




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : TAPAMETPOI TEQY®AXMATOZ ONOMAXTIKHZ EQEAKYZTIKHZ ANTOXHZ 600 kKN/m

User name

Project name

: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Material data sets - Geotextiles Step : 44 Page: 1
Number Identification EA v
[kN/m] [-]
1 600 kKN/m 5E3 0.00




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ZTAAIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO.plx

Date : 19/10/2023

Output : Calculations list Page: 1
Identification Phase No. | Start from | Calculation Loading input First | Last
Initial phase 0 N/A N/A N/A
ApxIKA KatdoToon 1 0 Plastic Total multipliers 1 2
Ekokagn TuBpéva 2 1 Plastic Staged construction 3 8
Kataokeur] XaAIKOTTAOGAAWY Kal EEUYIAVTIKAG GTPWONG 3 2 Plastic Staged construction 9| 15
Kataokeur] Trpiopatog £€dpacng (AoTpdyyIoTEG GUVORKEG) 4 3 Plastic Staged construction| 16| 17
OMokAApwon A’ ®dong Karaokeung: TomoBétnon - em@opTtion T.O. (aoTpAyyIoTEG CUVONKEG) 5 4 Plastic Staged construction| 18 | 21
Atroudkpuvon T.0. emi@opTiong (oTpayyI{OUEVES GUVOAKEG) 6 5 Plastic Staged construction| 22| 28
Kataokeur Trpiopatog £€dpaocng (oTpayyI{OUEVEG GUVONKEG) 7 3 Plastic Staged construction| 29| 32
TotoBétnon T.0. (oTpayyI{OuEVEG GUVONKEG) 8 7 Plastic Staged construction| 33| 38
Kataokeur) avwdopng (oTpayyI{OUEVES GUVORKEG) 9 8 Plastic Staged construction| 39| 41
EmiBoAR KivnTwyv 10 9 Plastic Total multipliers 42 | 44




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description

User name

Project name

: ZTAAIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO.plx

Date : 19/10/2023

Output : Calculations list Page: 2
Water Log info
0 | NA
0 No errors.
0 No errors.
0 No errors.
0 No errors.
0 No errors.
0 No errors.
0 No errors.
0 No errors.
0 No errors.
0 No errors.
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 1: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step: 2 Page: 1
Step info
Step: 2 of 44 Extrapolation factor : 0.000
PLASTIC STEP Relative stiffness : 1.000
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.994
Active proportion of stage Mstage : 0.000 >Mstage : 0.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 1: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.
: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step: 2 Page : 2

Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m
ForceY : 0.000 kN/m
PLASTIC STEP

Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.005 15968 15968 289 0 0 0 0
2 0.003 16078 16078 43 0 0 0 0
3 0.008 16099 16099 652 0 0 0 0
4 0.003 16267 16267 38 0 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 2: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step: 8 Page: 1
Step info
Step: 8 of 44 Extrapolation factor : 0.363
PLASTIC STEP Relative stiffness : 0.434
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.925
Active proportion of stage Mstage : 0.018 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 2: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step: 8 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 702 702 427 0 0 0 0
2 0.000 700 700 1 0 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 3: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 15 Page: 1
Step info
Step : 15 of 44 Extrapolation factor : 0.797
PLASTIC STEP Relative stiffness : 1.007
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.934
Active proportion of stage Mstage : 0.242 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 3: ZTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 15 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 220 34 59 0 0 0 0
2 0.000 220 34 7 0 0 0 0
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 4: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 17 Page: 1
Step info
Step: 17 of 44 Extrapolation factor : 1.000
PLASTIC STEP Relative stiffness : 0.999
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.938
Active proportion of stage Mstage : 0.499 >Mstage : 0.999




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 4: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 17 Page : 2

Tunnels
Input value [%] Realized value [%]

Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX : 0.000 kN/m Realized Pmax : 5.284 kN/m?
ForceY : 0.000 kN/m




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name
Project name

Output

: ®AZH 4: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.
: 4195-TOMH-A-A-RO

: Calculation information

Date : 19/10/2023

Step: 17 Page : 3

PLASTIC STEP

Iter. Global
No. Error

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 0.000
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157
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148
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147
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139
138

Plastic Cap +
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44
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43
43
43
43
43
43
43

Inacc.
PI. pts.

79
41
40
39
38
36
33
29
20
16

Plastic
Intf. pts.

cNoNoloNoNoNoNoNoNe]

Inacc.
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cNoNooNoNoNoNoNoNe]

Apex &
Tension
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®AZH 5: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step: 21 Page: 1
Step info
Step : 21 of 44 Extrapolation factor : 0.538
PLASTIC STEP Relative stiffness : 0.287
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.946
Active proportion of stage Mstage : 0.166 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 5: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step: 21 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 19.234 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 3351 2682 399 27 14 0 0
2 0.001 3311 2669 215 26 0 0 0
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Project description
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®PAZH 5: ANIOTEAEZMATA ANAMENOMENQN KAOIZHZEQN A' ®AXHX X THN EAPAZH TON T.O.
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : TOMH-A-A-R0.021 -- Cross Section A - A* Table Step: 21 Page: 1
X Y Uy
[m] [m] [10° m]
0.000 -3.701 -107.629
1.665 -3.701 -107.969
1.665 -3.701 -107.969
1.666 -3.701 -107.967
1.666 -3.701 -107.967
1.667 -3.701 -107.966
1.667 -3.701 -107.966
3.333 -3.701 -107.673
3.333 -3.701 -107.673
3.334 -3.701 -107.673
3.334 -3.701 -107.673
4.999 -3.701 -106.773
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 6: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 28 Page: 1
Step info
Step : 28 of 44 Extrapolation factor : 0.137
PLASTIC STEP Relative stiffness : 0.662
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.944
Active proportion of stage Mstage : 0.024 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®PAZH 6: ZTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 28 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 14.067 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 171 7 77 11 0 0 0
2 0.000 167 7 8 11 0 0 0
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Vertical displacements 3
Extreme vertical displacement -88.65*10™ m

Project description

PLAX I S | PA2H 6: AIATPAMMA KAGIZHZEQN 2THN EAPAXH TON T.O.

Step Date User name

Finite Element Code for Soil and Rock AnalysA-lgS'TOM H'A'A. . 28 19/10/23 Tl’lton COﬂSU|tIng EnglneerS Ltd .

Version 7.2.9.147



Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®PAZH 6: ANIOTEAEZMATA KAGIZHZEQN XTHN EAPAXH TQN T.0. META THN ANMOMAKPYNZH THX ENI®.
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : TOMH-A-A-R0.028 -- Cross Section A - A* Table Step : 28 Page: 1

X Y Uy

[m] [m] [10° m]

0.000 -3.700 -88.293

1.667 -3.700 -88.652

1.667 -3.700 -88.652

3.333 -3.700 -88.387

3.333 -3.700 -88.387

5.000 -3.700 -87.521
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i Project description
®AZH 7: KATAZKEYH MPIZMATOZ EAPARHZ (ZTPAITIZOMENEZ)
_' ITr‘oject nami Step ¥ Date ¥ User name ) ) ]
Finie ElemibrEoae o Sramren a4t 95+ FONMH-A-A—32-—19/16/23 Triton Consulting Engineers Ltd.
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 7: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 32 Page: 1
Step info
Step: 32 of 44 Extrapolation factor : 0.400
PLASTIC STEP Relative stiffness : 0.985
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.938
Active proportion of stage Mstage : 0.118 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AXH 7: ZTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 32 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.000 116 3 82 0 0 0 0
2 0.000 115 2 4 0 0 0 0
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i Project description
PA2H 8: TOMNOGETHZH T.0. (ZTPAITIZOMENEZ)
Project name Step Date User name
_ La . <4 <4 L . - .
Finie ElemibrEone o Sramren a4 95+ FOMH-A-A—38-19/16/23 Triton Consulting Engineers Ltd.
Version 7.2.9.147




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®AZH 8: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 38 Page: 1
Step info
Step : 38 of 44 Extrapolation factor : 0.961
PLASTIC STEP Relative stiffness : 0.432
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.944
Active proportion of stage Mstage : 0.222 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 8: XTOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 38 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 2805 2191 405 0 0 0 0
2 0.001 2750 2159 197 0 0 0 0
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®AZH 9: KATAZKEYH ANQAOMHZ (2TPAITIZOMENEZ)
_' ITr‘oject nami Step i D:ite ¥ User name ) ) ]
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 9: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 41 Page: 1
Step info
Step : 41 of 44 Extrapolation factor : 0.225
PLASTIC STEP Relative stiffness : 0.081
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.945
Active proportion of stage Mstage : 0.038 >Mstage : 1.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 9: STOIXEIA ANAAYZHZ
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 41 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 0.000 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.001 3998 3490 407 49 35 0 0
2 0.001 3959 3463 116 51 0 0 0
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Vertical displacements 3
Extreme vertical displacement -136.13*10 m

Project description

PL JAPTISY . 2ATH o: AIATPAMMA EYNOAIKON KAGIZHIEGN EAPAZHS T.0.

Step Date User name

Finite Element Code for Soil and Rock AnalysA-lgS'TOM H'A'A. . 41 19/10/23 Tl’lton COﬂSU|tIng EnglneerS Ltd .

Version 7.2.9.147



Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 9: AMIOTEAEZMATA ZYNOAIKQN (AMEZQN + MAKPOXPONIQN) KAGIZHZEQN EAPAZHZ T.O.
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : TOMH-A-A-R0.041 -- Cross Section A - A* Table Step : 41 Page: 1

X Y Uy

[m] [m] [10° m]

0.000 -3.700 -136.125

1.667 -3.700 -134.765

1.667 -3.700 -134.765

3.333 -3.700 -132.779

3.333 -3.700 -132.779

5.000 -3.700 -130.191
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Plaxis - Finite Element Code for Soil and Rock Analyses

Project description  : ®PAZH 10: ZTOIXEIA ANAAYZHZ

Date : 19/10/2023

User name : Triton Consulting Engineers Ltd.

Project name : 4195-TOMH-A-A-RO

Output : Calculation information Step : 44 Page: 1
Step info
Step : 44 of 44 Extrapolation factor : 0.229
PLASTIC STEP Relative stiffness : 0.097
Multipliers

Incremental Multipliers Total Multipliers

Prescribed displacements Mdisp: 0.000 3-Mdisp: 0.000
Strength reduction factor Msf: 0.000 >-Msf: 1.000
Time Increment: 0.000 End time: 0.000
Staged construction
Active proportion total area Marea : 0.000 >Marea : 0.945
Active proportion of stage Mstage : 0.000 >Mstage : 0.000




Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 10: ZTOIXEIA ANAAYZHX
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : Calculation information Step : 44 Page : 2
Tunnels
Input value [%] Realized value [%]
Contraction tunnel A : N/A N/A
Contraction tunnel B : N/A N/A
Forces Consolidation
ForceX: 0.000 kN/m Realized Pmax : 2.048 kN/m?
ForceY : 0.000 kN/m
PLASTIC STEP
Iter. Global Plastic Plastic Cap + Inacc. Plastic Inacc. Apex & Inacc.
No. Error Points Hard. points PI. pts. Intf. pts. Intf. pts. Tension Apx. pts.
1 0.008 4496 3938 223 55 26 0 0
2 0.008 4359 3824 152 46 0 0 0
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Vertical displacements 3
Extreme vertical displacement -14.25*10~ m

Project description

PL AX | S ~ ®A3H 10: AIATPAMMA MPOZOETQN KAOIZHZEQN EAPAZHS T.O.
Finite Element Code for Soil and RockAnaIysA-].gS'TOMH'A'A... 44 19/10/23 TI’ItOﬂ CO”SU't'ng EnglneerS Ltd

Version 7.2.9.147



Plaxis - Finite Element Code for Soil and Rock Analyses

Project description
User name

Project name

: ®AZH 10: ATIOTEAEZMATA NMPOZOETON KAGIZHZEQN XTHN EAPAXH TQON T.0. AOI'Q KINHTQN
: Triton Consulting Engineers Ltd.

: 4195-TOMH-A-A-RO

Date : 19/10/2023

Output : TOMH-A-A-R0.044 -- Cross Section A - A* Table Step : 44 Page: 1
X Y Uy
[m] [m] [10° m]
0.004 -3.696 -14.248
1.667 -3.696 -12.532
1.667 -3.696 -12.532
3.330 -3.696 -10.814
3.330 -3.696 -10.814
3.333 -3.696 -10.810
3.333 -3.696 -10.810
3.337 -3.696 -10.807
3.337 -3.696 -10.807
5.000 -3.696 -9.088




