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1. EIZATQIrH

H JEAETN KOl N KOTOOKEULN TWV UTIOYEIWV £PYWV OTIOTEAEL €va OTIO TO TIAEOV
oUVOETO €pya TOU TIEDIOL TWV TIOAITIKWV MPNXOVIKWV. H ouveXwg auéavouevn
agia TG yng OTIC AOTIKEG TIEPIOXEC 0dNYEI TNV AVAyKn MHEYIOTNG agloTtoinong
TOU OIOBECIUOU XWPOoUL. AV OTA TIOPATIAV®W GCUVUTIOAOYIOTEL Kol n paydaia
avénon Twv IOIWTIKWY HECWV  HETAPOPAC, TOTE €ival katavonty 0
AVAyKaIOTNTO ETEKTOCNG TV OIKTUWV TWV TIOAEWV KOl 0 GAAO ETTTIEdO e

NV dNUIoVPYIa PETPA, WOTE VO OPPBALVOE TO KUKAOQOPIAKO TIPOPBANUA.

H avaykaiotnta RERaia, yia dnuioupyio ULTIOYEIWV Epywv OeEv TIEPIOPICETal
MOVO OTIC OOTIKEC TIEPIOXEG, OAANA ETIEKTEIVETAL KOl 0E OAOKANPO TO OJIKO Kal
O1ONPOJPOUIKO dikTuo. Ol ONUEPIVEC ATIAITNCEIC TNC 0doTIoliag TIPOoTAlOoLV
Vv Onuiovpyia SIKTOVWV (0JIKWV Kal OIONPOJPOUIKWY) HE LWNAEG TOXUTNTEG
MEAETNC Kal TTIOAAG pelPATA KUKAO@OpPIag. MNa tnv eTTitevgn TO0LU GTOXOUL AULTOU,

OTIOTEAEL TIPOUTIO0ECN N KATACKELN YEPUPWV KOl CNPAYYWV.

2TIC TIPONYHEVEC EVPWTIATKEC XWPEC N avaAyKAIOTNTA yia dnuiovpyia E£pywv
UTTOOOMNG E£YIVE OAVTIANTITA aTto TIOAU vwpic. 'ETol, XWPeg OTIwg n MaAAia, n
AyyAia, n Avotpia, n ItoAia kol TTOAEG AAANeC €XOouv va eTudEi§ouv
ONUOVTIKOTATA €pya, TO OTIOI0 JIEUKOAUVOULV TIC METAKIVNOEIG, £Eaa@aAilovTtag

TOUTOXPOVO LYNAOTEPO PABUO ACEAAEING EVAVTI ATUXNUATWV.

O TPOTIOC KOTOOKEUNG HIOG oOnNpayydc Ola@OPOTIoIEITAl avaAoya ME TNV
pop@oAoyia TNg TIEPIOXNG OTnVv oTtoia Kataokevddletal. ‘Etol uttdpxouv 300
KOpPIEC MEOBODOI KATAOKELNG: N PEBOdOCG avoixtou opuyuatog (Cut and Cover)
Kai n MEBOdOC UuTIOyelag eKokKaeng. H péBodoC avoiXxTol opUYHATOG
e@apuoletal ouvnBwe oe €dA@IKOVEC OXNUOTIOHOUC Kal OTaV N EKOKAEN E€ival
0t UIKPO PBAB0C. YAOTIOIEITal PE OIOQPOPETIKO TPOTIO OF AKATOIKNTEC TIEPIOXEC
KOl PE OIOOPETIKO O KOTOIKNUEVEC. ZE€ OKOTOIKNTEC TIEPIOXEG OEV LTIAPXOULV

TIPOKTIKA OECPEVCEIC KAl KATA OCUVETIEID TIOPEXETAL N SUVATOTNTA ETTIAOYIG

AINMAQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA TOAITIKON MHXANIKQN MANEMIZTHMIOY OEZZAANIAZ



EIZAFQrH 4
AIEPEYNHZH AMOKPIZHZ SHPAITQN ME XPHZH TPIAIASTATHE APIOMHTIKHZ ANAAYZHS

peBodOoAOyiaC KOTOOKELNC. H ekokagn yivetal oe OA0 NG To €VUPOC ATIO TNV
ETIPAVEIO TOU €DA@OUCG MPEXPL TO PABo¢ to oTtoio Ba e€dpacBei to €épyo. lNa
OIKOVOMIKOUG AOYOULCG OTIOQEVYETAl N AVTIOTAPIEN TWV TIOPEIWV TNG EKTKAPNG
OT10 PoBpo TOU TOUTO E€ival duvatod HE ETIIAOYR KOTAAANAWY KAICEWV TIOU
e€ao@alidovv TOV ATIAITOVPEVO PBaBUO €LOTABEIOG TWV TIPAVWVY. AUOKOAIEC,
OUWCg, TIOPOLOIALOVTAl O KATOIKNUEVEC TIEPIOXEC, ETIEIDN N KOATAOKEULN TWV
EPYwv Ogv TIPETIEL VA TIPOKOAECEl TIPOPRAAUATA OTNV KUKAO@OpPia oUTE Kal

{NUIEC OTIC YEITOVIKEC KOTAOKEUVEG.

H deltepn HEBODOC KATOOKELNG (LTTOYEIOC EKOKAPNG), EQPAPUOLETAlI OE OAOULG
oXedOV TOUCG TUTIOUC €dO@PWV OTAV TO PBABOC EKOKAENG €ival OXETIKA HEYAAO,
EVW OTIOTEAEI PoOvOdpopo Otav n dIAVOIEN TIPETIEL va Yivel Oe PBPaxwoEeg
UTTOPROBPO, €0TW KAl HPE MIKPO ULTIEPKEIPEVO. Otav €@apUOleTal n HEBODOC
KAEIOTNC OIAVOIENG, YIVETAL N KOTOOKEULI TOU €PYOU HE HUNXOVEC OAOUETWTING
dlavoiEng (TBM). Me TIC UNXOVEC OUTEC EKTEAOUVTAL TALTOXPOVA N dIAVOIEN, N
LTTOOTNPIEN TOU MPETWTIOU KOl TWV TOIXWHATWY TG OoNnpayyag Kol 0

TOTIOOETNON TNC OPICTIKAG LTIOCTNPIENG.

Qot1600, N ATAItNon yia TNV OIKOVOMUIKOTEPN KOTOOKEUN TwWV £pywv 0dnynoe
oe pio véa pPEBOdO n oToia e@APUOLETAl £WC KOl TIC MEPEC MOC OTIG
TIEPIOCOTEPEG TIEPITITWOEIC. H pEBOdOC autry ovopdletal «NEéa AUOCTPIOKN
pEB0dOC» (New Austrian Tunneling Method-NATM). H pébodog auTth
EPAPPOCTNKE CUCTNUATIKA  KOTA TNV OIAVOIEN onpdyywv OTIC AUCTPIOKEG
ANTIEIC OTIC apXEC TNC OeKaeTiag tov 1960. H pEBOBOC OUWC EiXe EPAPUOOCTEL
Kal TIplv 10 1960 1000 otnv AuoTpid, 600 Kal g€ AAAO PéEPN TOU KOOUOUL, AAA
n ouvotnuatoroinon kot n ovopacia ¢ (NATM) éEyive amo AULCTPIOKOUG
MNXavikoug Tiepi To 1960. 'ETol, av kal n yéBodog NATM otav TipoTtdOnke Oev
NTav oUTE «véa» OUTE «AUCTPIOKN», dIATPNCE dIEBVWC HEXPI KAl CrUEPA TO

ovopa TN (Kappaddg, MdapTtio¢ 1999).

H péBodog autr) otnpidetal o TPEIC apxEC. H TIpwIn apxn €xel w¢ oT1dXo va
KOTOOTIOEl TO PBpAX0o TIOU TIEPIBAAEl TNV Orpayya TUAUO TOL @EPOVTIOA
OpYyQVIOHOU NG KOTOOKELNG, £TC1 WOTE VO UTIOPEI VO «OUTOUTIOCTNPILETA» OE
MEYAAO PBaBOPO peE ATIOTEAECHO TNV EAAXIOTOTIOINGN TWV TUECEWV TNG AUECNC
vrtootnPiEng (oe T€tolo  PBabBud  Opwg, TIOU  dev  Ba  TIPOKOAEiTal
aTtodlopyAvwon NG EKOKAENG Kal otadlokd TNV Katappeuon tng) (BAEme

oxnua 1.1). AUTOg e€ival kal 0 Adyo¢ Tou n pEBodog NATM egival n

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMNIZTHMIOY OEZZAAIAZ



EISArQrH
AIEPEYNHZH AMOKPIZHE SHPAITQN ME XPH3H TPIAIASTATHE APIOMHTIKHE ANAAYSHE 5
OIKOVOUIKOTEPN OAWV, a@OL TN 60N TWV ICXUPWV AKOUTITWY KATOOKEVWVY TIOU
XPNOIYOTIOIOUVTAY  TIAAAIOTEPO  TIAIPVOUV Ol  EUKOUTITEC  AETITOTOIXEC

eTIEVOVOEIC.

Ol 1BIOTNTEC TWV EOAQPIKWV CXNUATIOPWY, av outod KpIiBei armapaitnto,
gTTopolV  va  BeATIwBOUV  pe  TOIMEVIEVECEIC, OOKOUG TIpoTiopEiag A
OTIOIOONTIOTE GAAN HEBOOO TIpOEVIGXLONG, AVAAOYyO HE TIGC IDINTEPOTNTEC KAOE
TIEPITITIWONG, €101 OTE va eival ge Béon va TApaAdBouv To ATIAITOUPEVA
@optia. Emiong n popenry Tng eKoKa@ng kKabopiletal avaioya HPE TO APXIKO
EVIOTIKO TIEdIO, HE OKOTIO TNV QATIOQUYN ULWNANG OULYKEVIPWONG TACEWV.
TENOC, N eKOKO@r) Ba TIPETIEL va YiveETAl KATA OTAdIN, PE OKOTIO TNV MEiwaon
TWV MJETAKIVACEWVY, Ge €0A@N TIOU N JIATUNTIKI OVIOXN TOL TIEPIBAANOVTIOG

€0APOLC €ival OXETIKA TIEPIOPICHEVN.

H deltepn apx ™G HEOOdOL OXETI(ETAI PE TNV EOWTEPIKA €TTEVOLON. AUTA
TIPETIEL VO eyKaBioTatal e TETOIO TPOTIO, WOTE VO CUPTIANPWVEL TNV IKOVOTNTA
¢ €da@oualag TTapaAaPrg @opTiwv, aAAd Kal va TIEPIOPIZEl TIC UETOKIVIOEIG
MG H €0WTEPIKN €TEVOLON BOa TIPETIEL AOITIOV VO AEITOUPYEL WG AETITOG
KUAIVOPIKOG TOIXOC ME OPKET ELKOUWIO, TIOL VA ETUTPETIEI TNV TIAPALOPPWON
¢ TEPIBAAAOLCOC PBpaxoudlag otov emIOLUNTO PaBud Kal TTAPAAANAA va
gival apKeTA 1oXLPN, WOTE VO UTIOPEl va TTAPOAABEL TIC JIOTUNTIKEG TACEIC KAl
TIC POTIEC TIOU KOAEITOL va OvoAdPel. To €KTOEELOUEVO  OKULUPOEUO
OVTOTIOKPIVETOL €V YEVEL O€ OUTEC TIC OTIAITACEIC KOl yid TO AOYyOo aQUTO

XPNOIUOTIOIEITAl EVPEWC.

H tpitn kai teAevtaia apxr Tng peBOdouv NATM vTtayopeVEl TNV Evopydavwaon
MG onpayyog. Ta OTtoTEAECHOTO KOl N ETTEEEPYATIA TWV MPETPHOEWVY BiVvouv
MV duVvaToTNTa JIEEaYWYNC OVTIOTPOPWYV OVvOAUCEwWY Yyio TNV emiBeRaiwaon
TWV TIAPAdOXWV ETHIALONG KOABWC Kal TNV TPOTIOTIOINCN-BEATIOTOTIOINCN TWV

METPWV LUTTIOCTNPIENG.

H evopydvwaon TIpayUaTOTIOIEITAl ECWTEPIKA Kal €EWTEPIKA TNG onpayyag. H
EOWTEPIKN EXEl WC OTOXO TN MEIPNCN TWV JETOKIVIOEWY EVIOC TNC
TiepIBAANOLOOG PBpaxopdlac (tortobetnon extensometers), ¢ TriEong TOUL
OOKEITAl 0€ aUTAV, NG METAPROANG TWV ATIOCTACEWV ME TAIVIa OKpiBelag uto
oTaBepr dUVOUN TAVUONG. XZTOXEVEl E€TTIONG OTOV TIPOCOIOPIOHUO TNC TriEoN(

TIOLU aVOAOUPBAVETOI OTIO TO €KTOEELOPEVO OKLPOdeua (pressure cells), TIC

AINAQMATIKH EPTAZIA A. TZIPIFCQTH, TMHMA TMOAITIKQN MHXANIKQN MANEMNIZTHMIOY OEZXAAIAZ



EISArQrH
AIEPEYNHZH AMOKPIZHE SHPATTQN ME XPHZH TPIAIASTATHE APIOMHTIKHE ANAAYSHS 6
avaAappBavopeveg duvAPEIG Twv aykupiwy (load cells) kal TIC TIAPAUOPPULTEIC

TwV TTAAIoiwV (strain gauges).

H e€wTtepikn evopyAvwan TIPAYUATOTIOIEITAlI PE TOTIOYPOA@IKI] TIOPOKOAOLONGN
OUYKEKPIUEVWY onueiwv (Tiepi Ta OTOUIO oLVRBWC), WOTE VO KOATAYPOQEi
TUXOV AOTABsId KOl  EYKATAOTOON  OTTIOKAICIOUETPIKWY — GWANRVWY  Kal
TTapOKOAOVBNON NG METAPBOANAC TOU KIVNUOTIKOU TIEdiov KATA MKOG TOUG,

WOTE VO KATAYPOAEEl €ykalpa TUXOV TAAN €KONAWGCNG KAToAioBnaong.

Ixnua 1.1:  Emppon Tou XpOvou TOTIOBETNONG TWV HETPWY TIPOCWPIVAC UTIOCTHPIENC
otnV Ttieon ¢ Bpaxoualag €T NG LTIOCTNPIENG TNC CNPAYYAC.
I: TTOAO vwpi¢. H Ttieon otnv dueon umootpiEn (pi) eival TTOAD PeydAn.
[l: KaVOVIKOC XpOvog KATOOKEUNC TNE AUEDNC LTTOCTAPIENC. H Ttiean (p2)
EXEl MEIWOET anUavVTIKA.
lll: TTOAO apyd. H miean (p3) £xel av&nbei Adyw amodiopydvwaong
(xoAapwang TG Bpoaxoualag, Je CLVETIEID TOV KivOuvo KOTdppeLaN ).

210 BeTikA NG peBOdou NATM Ba UTTOpoUCE va KATAYPO@E N TIEPIOPICUEVN
armtaitnon o€ Papl  €EOTIAICUO KABWC KOl N EUKOAIO TIPOCOPUOYNG OE
OTIOIECONTIOTE €DAPIKEC COULVONKEG. Agv Ba TIPETIEl BEPaIA va ayvOEiTal Kal n

OUOKOAIO TIOU UTIAPXEl OAVAEPOPIKA HE TOV OKPIRH TIPOCIIOPICUO  TwWV

AINAQMATIKH EPTAZIA A. TZIPIFT'QTH, TMHMA TOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAAIAZ



EISAFQrH
AIEPEYNHZH AMOKPIZHE SHPAITQN ME XPHZH TPIAIASTATHE APIOMHTIKHE ANAAYSHS 7
TIOPOUETPWY. Agv €gival Aiye¢ 01 @QOPEC TIOU TO BEWPNTIKO ATIOTEAECHA

OTIOKAIVEL OTTO TNV TIPAYUOTIKOTNTA.

2NV TOpolCa  TITUXIOKN €pyacia  HEAETATAl £va  Bewpntiko TIPORANUA
EKOKAQNG MIag onpayyac. To TpoBAnNua eTTIAVETAL PYE VO HEBODOLG. APXIKA

ME TIPOCEYYIOTIKEG PMEOOOOUC KOl OTN CUVEXEID UE OPIOUNTIKEG.

210 KeE@AAal OUO Kol Tpia  diveTal 1O BewpniKO  LTIOROOBPO  TWV
TIPOCEYYIOTIKWV PEBOdWV ETHALONG KOl OTO KEPAAAIO TEooepd OIVETAl TO

BewpnTIKO LTIORABPO TWV APIBUNTIKWV.

Mo avOoAUTIKA, OTO KeQAAQIO OUO0 TIEPIYPAPETOL N TIPOOEYYIon TOU
TIPOPBANUATOC PE UAIKA TIOU CUUTIEPIPEPOVTAl YPAMMUIKA KOl €ANCTIKA. APXIKA
OVO@EPETAlL 0 TPOTIOC UTIOAOYIOUOU TOU €VTATIKOU Trediov yupw ammod Tnv

EKOKO@N KOl OTNV CUVEXEIA 0 TPOTIOC UTIOAOYIOUOU TOU KIVNHOTIKOU.

2T0 KEPAAAIO Tpia TIEPIYPAPETAL N TIPOCEYYION TOU TIPORANMOATOC HE LAIKA HE
EAOCTOTTIAQCTIKI] OTIOKPION. AVTIOTOIXO HE TO KEPAAAIO OUVO, apPXIKA
AVO@EPETAlL 0 TPOTIOC UTIOAOYIOUOU TOU EVIATIKOU TIEDIOUL KOl OTNV OUVEXEIX
TOUL KIVNUOTIKOU. Ta TNV aTtodEIiEn Twv €EI0WOEWV TIOU ATIAITOUVTIOL O AUTO
TO KEQAAQIO XPNOIPMOTIOINBNKE TO TIPOypaPua “Mathematica” Xto TEAOC TOU
KEQOAQioOU yivetal AOYyo¢ ylia Tov AOYO UTIEP@POPTICNG Tou €0AE@OLE Ns Kal TIw(

AUTOCG ETINPEALEL TNV EKCKAWN).

2T0 KOUMATI TNG TITUXIOKING TIOU QAVOQEPETAl OTNV Bewpia Twv apiOUNTIKWV
MEOOdWV VYiVETAl APXIKA ava@opd ot OAEC TIC MPeEBOdOAOyieC. ATIO QUTEC
OULYKpivovTal PETAED TOUC Ol BV TIIO OIODEDOUEVEC, N HEOODOCG TIETIEPACUEVWV
olagopwv (FDM) kal n pEBODdOC TwV TIETIEPACHEVWY OTOoIXEiwv (FEM). Ztnv
OUVEXEID TIEPIYPAPETAL N dpX] Twv OUVOTWV E£PYWV Kol  TIWG QUTH
EVOWMATWVETAL OTO  TIPOYPAPHOTA TWV NAEKTPOVIKWY  UTTOAOYIOTWV, O
TIPOCOIOPICUOC TOUL UNTPWOUL duCoKAPWIOg oOpoyevolg OToIXEioL  Kal N
KOTAOTPWON TWV OCULVAPTACEWV TOPEPUPBOANG. Metd amd v avAilucon g
Oewpiag vTtoAoyidovial oI CUVOPTAOEIC TIOPEUPROANC TwV TETPAEdPWV TIOU
XpnolJortolei 10 Tpoypappa Flac30. H TeAevtaia Ttapdypa@og autol Tou
KEQPOAQIOU OvOa@EPETAl  OTOV  TPOTIO  €TUAOYNC METAEL  dIdIACTOTNG KOl

TPIdIACTATNG AVAALGNC.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA TOAITIKQN MHXANIKQN MANENIZTHMIOY OEXZAANAIAZ



EE’QE%%H AMOKPIZHE SHPAITQN ME XPHZH TPIAIASTATHS APIOMHTIKHE ANAAYSHS 8
MeTd 1O TIOPATIAVW OewPNTIKO TUAMO TNC gpyOaoiac aKOAoULOei n e@apuoyn
auToU C€ éVa CUYKEKPIUEVO TIOPAJEIYUOA TO OTIOIO TIEPIYPAPETOl OTO KEPAAAIO
TIEVTIE. XNV  apXlf] TOU KEPOAAIOU OTOIXEIOOETEITAOl 1N YEWMETIpIO TOU
TIPOPRAAPATOG. AKOAOUOEI 0 TIPOCDIOPICHOC TWV CULVOPIOKWY CUVONKWY Kal N
ETUAOYN TWV ULAIKWV. o tnv €TtiAucn Tou TIPORANUATOC TEAIKA ETUAEXONKOV
TIEVTE OIO@OPETIKA UAIKA XwWpPIoPHEVA Ot 000 KOATNYyOopieg avAaloya HE TNV
OUUTIEPIPOPA TOUC. H TIPpWTN Katnyopio TIEPIAAUBAVEL LAIKA HE YPOUMIKI
EANACTIK| CUUTIEPIPOPA KAl N Oe0TEPN MPE  EAAOCTOTIAACTIKI.  TEAOG
TIEPIYPAPOVTIAL Ol ETUADCEIC TIOU TIPOAYHOTOTIONONKAV Kal T OTIOTEAECHOTA
TIOU TIPOEKLWAV OO OUTEC. Ta ATIOTEAECHOTO  OULTA  GXOAlAlovTal  Kal
ouyKpivovTal PETAEY TOUC OTO CULMPTIEPACHOTO TNG EPyaciag TIou Ppiokovtal

OTO KEQPAAAIO £EL.

210 Tapdptnua A divovtal Ta OTIOTEAECHOTO €VOC (QUAAOUL excel Tou
dnuiovpynNONkKe pe BAan TIC OXECEIC TWV KE@AAAiwV dVO Kal TPIO KAl TO0 OTIoio
UTTIOAOYIZEl TOOO TO EVTATIKO, OGO Kal TO KIVNUOTIKO TIedio TOL TIPORANUATOC

TIOL TIEPIYPAPETAL GTO TIEUTITO KEQAAQIO.

TéAog¢ ota Tapoptiuata B kal I divovtal 1o aTtoteAéouata  TOu  idlou

TIPORBAAMOTOC TIOL TIPOKUTITOLV ATIO TO TIPOypapua Flac30.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA TOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAAIAZ
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EAaoTikEC péBodOI LUTTOAOYIGHOD



2. EANAZTIKEZ MEGOAOI YTIOAOIZMOY

2.1 TAoEIC OTNV ETUPAVEIO EKOKAPNG

To TIPWTO OTAdIO TNG MEAEING MIOG ONPAYYOC OTIOTEAEI 0 KOBOpPIoCUOCG TOU
apXIkoU evtatikoU Tiediovu. TMa va yivel OPwg autd, aTtalTeital yvwon g
oTpwpaTOoYypa@iag  Twv UTTEPKEIPNEVWOV VAIKWOV KOl TWV  (QUOIKWV
XOPOKTINPIOTIKWV TNG. ZuvnBIoPEVN TNyl OCQ@OAUATWY OTIOTEAEL N EAAEIYN
OKPIBWV OToIXEiwv, a@ol KATI TETOI0 CUVETIAYETAL ULYWNAO KOOTOG  Kal

XpPovoRopa diadikaaia, 1dlaitepa oTIiC BaBIEC arpayyEC.

Oa TIPETIEL VA CONUEIWBEI OTI 0l KATAKOPUQEC TACEIC OXETI(ovTal Pe TO PAPOC
TWV UTIEPKEINEVWV, AANO KOl PE EYKAWRIOUEVEC TACEIC TIOU UTTAPXOULV KOl TIOU
O@EiAOVTOl OTIC METOKIVICEIC TWV TEKTOVIKWV TIAOKWV. ‘ETOl G& TIOAAEQ
TIEPITITWOEIGC (O PPAXWOEIC OXNUATIOUOUE), PTTOPEi N TAon o€ KATIOI0 onueio
va gival PeyOoAUTEPN OTIO TNV GUVABON TIou AAUPBAveETaAl LTIOWN OTa £Pya TOU
TIOATIKOU PNXavikoU (ov =y-Zy 1 aKOPO  Kal PIKPOTEPN (OTIavIOTEPA). XTI
MEAETEC TWV LTIOYEIWV £PYwWV, OTIOU AUTO €ival duvatd va cuPPei, AauBdavetal
LTIOWN N OKPIBAC TAON, WOTOOO UETPFOEIC OE OAOKANPO TOV KOOHO €3eIEav 0TI

n ouvNéng TIPOCEyyIoN <Y -y -Z, TIAPAYEl IKAVOTIOINTIKA ATIOTEAECHUATO.

H ektipnon twv oplloviiwy TAcEwV, OPwC, €ival okOpa JSUCKOAOTEPN.
Zuvnowe, ekepaldovtal w¢ TT0OCO0TO TWV KATAOKOPUPWV, TO OTIOI0 CUMPBOAIZETOI

pe 1o ypdupa k0. 'Etol oxvel ou ah =kl i1ov. To 1moocootd k0 cOp@wva e

Tou¢ Terzaghi kai Richart (1952), divetal amd tnv oxéon ki -y vy OTIou

| Ztov 10110, Y Eival TO BApOC TOU oXNUaTIoUoL Kot Z gival To BABog ato omoio BpiokeTal.

2 AUTO cupPaivel 0Tav 0 PPoXWIEC TXNUOTIOUOC OE KATIOIO ONpEio LYPNAOTEPA TNG EKOKOAPNC,
Bpioketal uTtd BAIYN pE aTTOTEAECUO VA OTNPICETAl TIPOKTIKG OTIO UTEC TIG OAITTTIKEG SUVAEIC KOl VO
unVv e€00Kei QUVANEIC ETTOUEVWC OTO KATWTEPA OTPWHUATA.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MNOAITIKQN MHXANIKQN TMANEMIZTHMIOY OEZZAAIAZ



EI/I\EAF’ZEQIIEIEHZZ}’-\{A iﬁgﬁgfzﬁgoz/\r%r)\wgg ME XPHZH TPIAIASTATHZ APIOMHTIKHE ANAAYZHE 1
TO Vv €ival 0 Adyog Tou Poisson. H oxéon autr}, av Kal XPNoIKJoTIoINOnKE TIOAD,
1Biwg oTa TIPWTA XPOvIa TNG PPOAXOUNXAVIKNG, €ival OXETIKA avakpiBrig Kal
XPNOIMOTIOIEITaI KLUPIWC AOYwW TNG ATIAOTNTAG TNG. ATIO TNV TTAPATIAV®W OXEQN,
eEAyETAl TO CLPTIEPACHA OTI ol TIHEC Tou ki €ival BETIKEG Kal MIKPOTEPEC TNG
povadag. H Bewpnon autr] 0ev  KOAOTITEL TIC TIEPITITWOEIC  LYWNAOL

TEKTOVIOPOU, OTIou N Tipr Tou ki gival peyaAltepn Tng povadac (Hoek, 2000).

Vertical stress. av (MPa)

0 20 40 60 SO

Ixnua 2.1 MetaBoAn tng KAtakopueng TAoNC GV cLVAPTHOEl Tou BABoug aTo
OIAPOPEC PEAETEC DIEBVAIC.

2.2 YTIOAOYIOHOCG EVTATIKOU-KIVNUATIKOU Trediou

H emiAvon Ttwv TIPORANUATWY TwWV ULTIOYEIWV EPYWV  EVIACOETAl  OTO
ETIIOTNUOVIKO TIEDIO OAANAETTIOpaCNG €3AQPOUG-KATACKELWY. MTopoUlV dg, va

TIpooeyyloBoUv pe dVO peBOdOAOyie¢. H TIpwTN ULAOTIOIEITON pE Xprnon NG
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ENAZTIKEXZ MEOOAOI YINOAOTIZMOY 12
AIEPEYNHZH AMOKPIZHZ ZHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

Bewpiag eAaOTIKOTNTOG, €&vw N Oe0Tepn  XpnoldoTtolei 1 Bewpia

EAOCTOTIAOCTIKOTNTOG.

Me Bdaon TNV Bewpia TNC EAACTIKOTNTAG, N duokapWia tou £dApoLg Bewpeital

oTaBepr] Kal n AmoKplaon Tou dev €EAPTATAl ATIO TNV I0TOPIa TNC POPTICNG TOU.

IXNUO 2.2 ZXNUOTIKN ATIEIKOVION OTIOKPIONG OTNV TIEPITITWAN TNE YPAUMIKNAC
EAACTIKOTNTAG.

MNa TTEPAITEPW OTIAOTIOINGN TWV LTIOAOYICUWY, ATIAPAITNTN €ival n vIoBETNON
OPICHUEVWYV OKOUO OTTAOTIOINTIKWVY Ttapadoxwy. AUTEC Ol TTApadOXEC E€ival ol

g&Nncg:

e OeWPNON EKOKAPI KUKAIKNG OIOTOMNG.

* OewpPnNon oLVONKWV ETTITIEdNG TTAPAPOPPWONG (€ «0).

e Ocewpnon LTAPENG LAPOCTATIKOU TIESIOL EOPTIONC TIPIV TNV SIAVOIEN
g ekokaeng (ko=1).

» 'Eda@og opoyeveg Kal I0OTPOTIO.

 'Edagog aPapégc. Auth n Bswpnon TTPocouolddel KAAUTEPO TIC PBaBIEG

EKOKOPEC.
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AIEPEYNHZH AMNOKPIZHX XHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

H kotaotatikn €&iocwaon ¢ YPOUUIKAG €ANCTIKOTNTAG TIPOKUTITEL OTIO TOV

vopo Tou Hook kal didetal anod v akdéAoudn eéicwon (E@paipidng, 2002):

O0 = AIEKK -Sy + 2-I S (2.1)

omouv o(// o0 TavuoTAC TWV TACEWV

A, U ol oTtaBgpeg Tou Lame

stl. 0 TOVUOTNC TWV TIAPALOPPLTEWVY

5j. 10 déATa Tou Kronecker.

MNa 1¢ otabepeg ToL Lame 1oXVEL:

1+v)-(1-v)
(2.2
E
2:(1+v)

OTIoL Vv gival 0 AOyog Tou Poisson kal E 10 péTpo eAAOTIKOTNTAG TOU £3A@OULC.

Ol OXECeIC TIOPOAUOPPWOEWV-HUETOKIVIIOEWY VIO TNV TIEPITITWAON  KUKAIKNAG

onpayyag €ival ol akOAOULOEC;

du ,
ell—— (OKTIVIKA)
dr

(2.3)

€£0=— (E@ATITOYEVIKN)
r

OTIOU U €ival N OKTIVIKI] HJETOTOTIION.
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AIEPEYNHZH AMOKPIZHE SHPAMTQN ME XPHZH TPIAIASTATHS APIOMHTIKHE ANAAYZHE
Me avtikatdotaon tng oxéon (2.1) ue g (2.2), (2.3), TTPOKOTITEL

d
Of — A-(T +£60) + 2.1 -en = (A + 2 1) -+ A188 =(A + 2. u)——(—jy—+ AL 29
r r

d
Ta— A (EN + Eaa) + 2141 €00 — (A, +2./7) €0 + A1E[ — (A+2./S) © v)\-d—u (2.5)
r r
. .. Jdu u.
OZ — ™~ (£ "1 eGG)—"’(dr r) (26)
Z0p@WVa pe TNV €€iocwon NG looppoTTiag Ba TIPETIEl va ITXVEL
dar | -of _ 0
dr r
d d d
A roar vy Eaald Ao~
[\ 2 1) — =~ eemeee ]+1 dr r dr
dr r
d2 1 d
KOl PETA OTIO TIPAEEIC: ur 4o 2.7)
dr2 r dr n

H yevikii Abon NG Ttapamdvw egicwaong eival Ing popeng: u=-+B-r (2.8)
r

orou A,B cival otaBepég 0AOKANPwanC.

Emopévwg, yia TIC CUVICTWOEC TNE TIOPAPOPPWANG EXW:

£ = +B
(2.9)

8<,=r4+ B'
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AIEPEYNHZH AMNOKPIZHX XHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

Evw yia TI¢ ouvioTwoeg TG TAong:

= 2. u—+2-(A+n)-B (2.10a)
r

= 2. u—+2-(A+n)-B (2.1 Op)

=2.A-B (2.10y)

H mpocopoiwon Tng UTOCTAPIENG TNG EKOKAQPNG HE EOWTIEPIKN TIieon (p,),

odnyei oTIC AKOAOLOEC TUVOPIOKEC CLVONKEC:
\)ar=pi yia r=R (akTiva onpayyaq)
0) ol =p0 yia r co
ATIO TNV JeVTEPN GUVOPIOKI GUVONKN TIPOKUTITEL OTI:
— _ _ Po
21(A+ ) 1B =p0 =>B= (2.11)

21N+ )

ATIO TNV TIPWTN CUVOPIOKI CLVONAKN TIPOKUTITElI ETTOUEVWC:
2 -hH—+2A+)-B=pin-2- “FT + pO=pi=>A= (pO—pi)z—-— (2.12)
r ‘M

Me avTiKaoTdoTtaon twv €€lowoewv (2.10) pe 1¢ otabepég A,B (oxéoelg 2.11,

2.12), Ba 1poKOWOULV Ol TEAIKEC €EI0WOEIC LTTOAOYIOHOU TWV TACEWV:

rl
(Po-Pi)-—— R?2
ol =—2-h------------ j--—- —+2:(/1 + p)--——5—- = pO-(PO-p,) —
M o ( ”)2-(/\+p) PO-(PO-p,) .
R?
(Po-Pi)-—— r2
of =2-h----------- - j——+2-:(A+ ) —2—.(—/1\:+ pl) = pO+ (Po —/>,)-r— (2.13)
otT-2- A\ Pi2. _ 2-v-pl
2-(N+1)
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AIEPEYNHZH AMNOKPIZHZ ZHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

H ekoka@n piag onpayyag sival @aivopevo €viova TPIodIACTATO KAl Yyl auTo n
TIPOCOUOIWaN TNG TIPAYUATOTIOIEITAl PE TNV UTIOBEAN TNG E0WTEPIKNCG TTiEONC.
2T0 OnuUeEiad KOVIa OT0 HETWTIO TNG EKOKAPNG, N EOWTEPIKN TIiEon eival
TIEPITIOL (on  peE TNV  APXIKA EVIATIKN Katdotacn PO, &vw ota  TIO
OTTOPAKPUOHEVO onuEia N TEoN auTA MEIWVETAl €WC OTOU VA PNOEVIOTEI.
To onueio pndeviopol TNG E0WTEPIKNG TTiEONG ouLvABWCG AdPPAveTal o€

amooTOoN 0N HE TIEVIE POPEC TNV OKTIVO TNC GrPayyac.

Emopévwg, o amoctacn HeyoAUTepn amod 5R (otov aG&ova Tng eEKOKAENCG),

QOoKOUVTOl Ol PEYIOTEC TACEIC Ol OTIOIEC €ival ioeg e:

R
°r=pPIl Kl GB=P0 1+ - (214)

i <r)

ATIEIKOVION TWV YEVIKWV e€lowaoewv 2.13 divetal oto oxnua 2.5.

OTIOCTOCN OTIO UETWTIO EKOKAPNC, X

IXNUa 2.3 ZXNMUATIKN OTIEIKOVION TNG METABOANG TNG OKTIVIKAG Ttdong (yia
r=R) ouvopTACEl TN ATIOCTACNC OTIO TO PETWTIO TNC EKCKAPNC.
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AIEPEYNHZH AMOKPIZHXE XHPAITQN ME XPHZH TPIAIAXTATHZ APIOMHTIKHZ ANAAYZHZ

Mo TOov UTIOAOYIOMO TWV OUYKAICEwV TNC onpayyac, AauBAavetal uvmoyn n
ETUTIAéOV OULVONKN, OTl O ATIEIPn ATIOCTOCN OTNV  EYKAPOIA TOuN TNG

onpayyag n JeTakivnon sival undevikn (KaBpadag, 2000).

A
ur™n =0=>—+ B-r = 0=>B-0
r

. CPo —Pi)-R2 1V RI
Omote ur ] _pH-RL 2.15
>.g £ épo P (2.15)

2.(1+V)T

ATIO TOV TTOPATIAVW TUTIO TIPOKUTITEL OTI N MEYIOTN METOKIVNON ETUTUYXAVETOI

yla Vv eAdxIotn Tipn tou r (r=R) kal avTtioToIXEi ot:

l+v
£ <Po-P)-R (2.16)

Emopévwg yia avuTIOOTHPIKTN EKOKAQPN OE QUTOQPEPOMEVN PBpaxoudla Kal o€
KOT&@ JAKOC OTtooTacon  HJEYOAUTEPN Twv  5R, n  péyiotn  cUyKAION

TIPAYHOTOTIOIEITAl OTNV TIOPEIA TNEG EKOKAEPNC KAl EXEl TIPN:

|
ur ='—J1—p0—lg (2.17)

H JEAETN TIIO YEVIKWV TIEPITITWOEWY KOl XwWPEIC TOOEC OTIAOTIOINTIKEG

TIAPAdOXEC 0ONYEI OTIC OKOAOUBEC €EICWTEIC:

u, Po-R2-(1 +v) N Sl . 1cos(26") (2.18)
2-E-r ] i

Ug — Po-R?2 -(I +v) 2. (1-2v) +_ 1sin(26) (2.19)
2-E-r 1 r

OTIOU O,y Ol TIOAIKEC GUVTETAYHEVEG.
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AIEPEYNHZH AMOKPIZHZ ZHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

Ixnua 2.5 Kotavour] Tagewv yUpw OTt0 KUKAIKY OTtH. Mapadox YPOUMIKWE EAACTIKOU
€ddgoug (oxéoelg 2.14).
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AIEPEYNHZH AMOKPIZHX XHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

ZNUEIVETAL OTI EVOIAPEPOV TIAPOLCIALEL 0 TIPOCIIOPICHOC TNG CUYKAIONG GTO
METWTIO TNG EKOKAPNC WC¢ TTOCOCTO Tn¢ MEYIOTNG OUYKAIONG TIOU CULMPBaIVEl
OPKETA MHOKPIA OTIO TO METWTIO TNG EKOKAPNG. EVOEIKTIKA ava@EpeTal OTL 0
AOyoC auTog eival icog Tmepimtou pe 0,3. ‘Evav TETOIO TUTIO UTIOAOYIGHOU

Tipoteivouv o1 Corbetta et all.(1991):

(NA*T ,
0.29+0.71-- 1-exp -1.5- > omouv x>0

Distance to Excavation Face, x
-4R -2R 0 2R 4R 6R 8R

IXAUO 2.7  ZXNMOTIKN OTIEIKOVION OUYKAIONG GUVOPTHCEl TN AmoaTacng oo
TO PETWTIO EKOKAQNC We Bdon tov TuTto Twv Corbetta et all.
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3. EAAZTONNAZTIKEZX MEOGOAOI YITOAOI'ZMOY

Eival yvwotd ot n ougteplpopd 10U €dA@OULC &ePelyel ATIO T Opla TNG
YPOUMIKAG €AACTIKOTNTOC OKOUO KOl Yio HIKPA BAPATO QOPTIONG. XT0 oXNHa
3.1 aTeKovideTal YeVIKR] KOPTIOAN TACEWV-TIAPAUOPPUOEWY HE  KAAOOUG
OIAPOPETIKNG CUMPTIEPIPOPAC. ZUYKEKPIPEVA OTO TUNMO OA TO UAIKO OIETIETOI
aTtO YPOMUIKN EAACTIKA CUMPTIEPIPOPA, TO TUNMA AC om0 EAANCTOTIAOCTIKN
KPOTUVOUEVN CUMTIEPIPOP, EVW TO TuRUa CD avTioTOoIXEi 0 EAOCTOTIAQGTIKI)
OUUTIEPIPOPA Pe XaAdpwaon. Ol TTaPAPOPPWOEIC KATA UNAKOC Tou KAGdou OA
gival TIANPWCG aVOKTOUEVEG, €B, evdd PeTd TNV €ic0d0 OTNV TIAACTIKY TIEPIOX],
MEPOC TOULC Eival EAQCTIKO KOl OVOKTOPEVO, €0, Kol TO UTIOAOITIO TIAQCTIKO Kal

TIOPAPEVWV EP.

H Ommapén kol 10 péyebog KaBevOg Ao TOUC TIIO TIAVW KAAdOUG eEapTdATal OTTO
NV o0CTOON Kol TIC ISI0TNTEG TOU ULAIKOU. Eivalr duvartdv yia mapddelyua 1o
Oplo JlOPPONG VA CUUTIITITEL TIPOKTIIKA HPE TO Oplo Bpaldong, OTmoteE OTtnV
TIEPITITLWON aQUT 0 KAADOC TNC KPOTUVOUEVNG CUUTIEPIPOPAC EKQPUAIlETOI OE
onueio, n Ot TIEPITITLWON OQULT €ival YyVWOoTA KAl WG TEAEID TIAACTIKNA
ouutiepipopd  (perfect  plasticity). Xt0xo ¢ PoOviEAoTIoinoNnNg NG
OUMTIEPIPOPAC €VOC LAIKOU OTIOTEAEL N dIATUTIWON KATAAANAOL KOTOOTOTIKOU

VOLIOUL TIOU VO UTTOPEI:

* Nao KaTaypa@el TOV PNXOVIOUO €KONAWONG TOUL POIVOUEVOU
e No TTapakoAouBei OTeVd TNV KOUTIOAN TACEWV- TIAPOLOPPWOEWY |E
avAaioyn TIPORAEWN TWV OVOPEVOUEVWVY HEYEOWV

e Na pnv mtapaiadel BePeAwdn EVEPYEIOKA OEIWUATA.

YTIEPATIAOUCTEVPEVN TIPOOEYYION TNG TIAPATIAVW KOUTIOANG OTIOTEAE N
OTEPEOTIAACTIK] CUUTIEPIPOPA, OXNua 3.2, otnv oroia PBaciletal n Bewpia

EKTIUNONC TNC PEPOLOAC IKAVOTNTAC TOU €0A@OULCG. Katd TNV OTEPEOTIANCTIKN
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AIEPEYNHZH AMNOKPIZHZ ZHPAITQN ME XPHZH TPIALIAZTATHZ APIOMHTIKHXZ ANAAYZHZ

Bewpia  yivetal amocoUdeLEN  EVIATIKWY KAl  KIVNUOTIKWV — PeyeBwv. g
TIEQITITWON €QAPUOYNG TOU OTEPEOTIAACTIKOU HOVTEAOL 1 TIPOPRAsWn Twv
METAKIVIOEWV YIVETAl OUVIOWC PE AVOAUTIKEG PHEBOOOULC. H uTtepaTAoVOTELAN
NG XOPOKINPIOTIKAC KAWTIOANG, KATIOIOL UAIKOU MECOL, 0dnyei ge AVCEIC pe
MEYOAAN OXETIKA OCA@EIO KOl MIKPIN OKPIBEIN, HPE OTIOTEAECHO TNV OVAYKOGTIKI)

XPron vPnAwv cuvteAeoTwyv ac@aieiag (Kwuodpopog Alg., 2001).

IxAua 3.1  IXNUOTIKI OTIEIKOVION EAACTOTIAACTIKNG OTIOKPIONG £00QIKOU
LAIKOU.

8P 8

ZXNUa 3.2 ZXNUOTIKN OTIEIKOVION OTEPEOTIAACTIKAG OTIOKPIONG £3A@IKOU ULAIKOU.
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AIEPEYNHZH AMNOKPIZHZ ZHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHXZ

3.1 Evtatko T1tedio ttepIBAANOLoaC Bpaxopalag

Mo tov TIPOodIoPICUO TOL onueiov Bpadong, XPENOIUOTIOIEITAl TO KPITHPIO
Mohr-Coulomb 10 o0TI0I0 XpPnNOIYOTIOIEITAl EVUPEWCG OTO €DAPIKA ULAIKA. To

KPITNPIO aUTO eKPPACETAL PE TNV TTAPOKATW e&icwan (Kwuodpopog All.):

=0, N@+2.:0-"N~¢p =ar-N*+Rc (3-1)
, L+sing . . ,
omouv N, = s kKat Rc: n avtoxn tng Ppaxopalog oe BAIYnN.
-sing

ATIO TOV TTapaTIdvw TOTIO, €UKOAO TIPOKUTITEL OTL:

ov-0* =°>.(i-N)~K (3.2)

H e&iowon 1c0ppoTTiag TIou TIPETIEI VO IKAVOTIOIEITAL, €XEI TNV HOPON:

—+—m =0 =>r-—--+0, -0,, = 0=> r— -+

aa, o.—ou f\ dar daoy 3
dr r dr r § dr

ATIO autflv, Kkal pPe T PonBeila Tou TIpoypdAupatog  “Mathematica”,

UTTOAOYI{eTAl N OKTIVIKI] TAON Cr. OtV TIAOCTIKA TIEPIOXN , KOl UCTEPA ME
OVTIKOTAOTAOH NG OT0 KPITAPIO Bpalong, TIPOKUTITEL KOl N EQATITOMEVIKN Gf

¢ idlag TEPIOXNC.

210 TIPOYPOPHO XPNOIUOTIOIOUVTOL Ol EVTOAEC:
e Dsolve [{e€iowon, AZ==tiynl), y(x), x]
e Simplify [ouvaptnon].

Me TNV TIPWTN €VTOAN €TIIAVETAL N dIAPOPIKA €€i0won PE APXIK ouLvONkn A
pe Tun 1 yia 1o y(X) ME aveEdptntn MHETABANT TNV X. Me TNV dOelTeEPn TO
TIPOYPOPHO KAVEL HETOCXNMUATIOUNOUE YIa va TIETUXEI TO MIKPOTEPO YIVOUEVO

TIOPAYOVTIWV.
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AIEPEYNHZH AMNOKPIZHX ZHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHX ANAAYZHZ

g oXTHO3.3.10 I
DSolve [(r*a'[l + of[t] Ml - m - Rc == 0, a[R] == pi), a[r], r]
E-L...g|rl+nL.:>q|r] r-n rnpi-n pi+Rc) ~ nr*R1_* ((-1+n) pi+Rc)
-l+u
{{olr] 1 1

Simplify[In[65]]
R“ ((-1 +n) pi r* R+ r" RRc-r Rn Rc)

{°n 1+ 3
yy R=nu-1 +nipiinR+mRRc -rRnRci
(-1 + nir
, R-* ((-1 i rtR NRRc-rRnRc ,,

{?Rc+n (-1 +n) piriR+r c - r Rn Rc)
U -1L+n)r
Simpiify[a0]

nR~n (-1 +n) pi r"R+rmRRc-rRnRc)
{{Rc !

-L+n)r

Zxnua 3.3 EmiAvon twv avwtépw axETewv e TN Borbela Tou TIPOoYPAPPOTOC
«Mathematica».

'ETO1 AOITTOV Ol TACEIC OTNV TIAACTIKN TIEPIOXN divovTal aTO TIC OXECEIC:

_ R~N* m17@-\)-pi -T'Np-R + rN* RRc-r-RN* i?7c)

o'— K-UO)T
3.3)

R~N* -((V,—|)|' ptirN 1R+ rN* IR1Rc - ri RN* 1Re)
K _')I- r

ZTNV TIEPITTTWON TIou €&TAJETAl OVUTIOOTNPIKTN ONfpayya MHOKPIA OTtd 10

pETwTo (d>5R), 10xVel 0TI pt- 0 Kal ol €§I0CWOEIC TIAIPVOUV TNV HOopP®N:

R Fr\N~
o, = -1 Kl
NA-1 \Rj
(3.4)
N@\-\ + UNg~I -RN*-|.YRr R, o el
- K- ). N, -1 -1

NA-1 NA-1
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£3 oxi*a3.4.nb
DSolve [{r*a'[r] + o[l] *<1 - n» - Rc == 0, a[R] == 0}, alr], r]

g-Log[r] +n Log[r] r-n /_wRc _ ilpa1" + nr'RINn Rc \
rror i \ -1+n -1+n AN

{«mW - T7T 1}
Simplify[In[69]]

IVV/r] -> ol R I

1 +r-1+n R1_n)Rc

00 ={{ 1 *n + Rc
-1+n
{Re n {-1 + r—1+n R1’") Rc
-1 +n
Simplify[a9]
«Re n {-1 + r—1+n R1_ri) Rc }}
ml + n

Zxnua 3.4 O oxeoelg 3.4 OTw¢ LTToAoyidovtal armo 10 «Mathematicax.

ZTNV €AOOCTIKN] TIEPIOXN, N VYEVIKA Mopen Twv TACEWV E&ival n akoioubn

(KaBpadag, 2000):
g, :A+E Kal -A- ,

O1 cuvteAeoTéC A,B TIPOKUTITOUV ATIO TIC €EC CUVOPIOKEG CLVONKEC:
) o, =pl yla 00

0) 210 EAOOTOTIAOCTIKO Oplo (r=rp), Ba TIPETIEL Ol TACEIC TIOL TIPOKUTITOUV ATIO
TIC €810WOEIC TNC TIAACTIKNG TIEPIOXNG Vva e€ival ioeg pe TG TAoelC TIou Ba
TIPOKOWOULV aTto TIC €&ICOWOEIC TNG EAACTIKNG TIEPIOXNC (CULUVEXEID OKTIVIKWV

TACEWV).

o,M=alPl  yia r=np

iii) Ouoiwg Ba TIpETIEl va 1IoXVEL TO D10 KAl YIA TIC EQPATITOUEVIKEG TATEIG.

°o,ei = oot YO r=rp.
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ATIO TNV TIPWTIN OULVOPIOKI OLVONKN TIPOKUTITEL Ol A =p0, &vw Ao TIC

LTTOAOITTEG OUO TTPOKUTITOUV:

N,-l
M B R
vO=>Po+ 2 — (3.5)
rF Np—1 \Rry
N>-|
T
R o -1 (3.6)

B
V)=>Po-—T = ]

B Ny -1 IR)
Me TIpocBecn Twv OU0 TIAPATIAVW OXECEWV KOl PE  €TIALON NG

TIPOKUTITOUCOC OXEONC, WG TIPOC TNV OKTiVO TOU €AOCTOTIAQCTIKOU Opiou r |

TIPOKUTITEL

IV _2AK -] +x o~ \/\2 oM FV
IR) K+IR # " ¥ K+1] e J

TEAOG, PE QAVTIKOTACTOON TOU Ip OTNV OXECN TIOU TIPOEKLWE ATIO TNV Oe0TEPN

OUVOPIOKN OUVONKN, UTIoAoyileTal 0 OUVIEAEoTNC B, pe TNV Porbesia Ttou

oTtoiov LTToAOYiovTal 01 TACEIC OTNV EAOCTIKN TIEPIOXN.

B = pa(Nt-\)+R_ , (3.8)
N, +1 P '

Q
ol =/\+B—=>cr =p0o-" ° '
r Ne+1 vr J

(3.9)

Po-(v,—)+R< \/

No+1 U J

09=A—E1‘ =>of = pl +
r
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Mio TUTTIKA] QTIEIKOVION TWV TACEWV, CGUUEWVO HE TIC TIAPATIAVW OXEOCEIC,
TOOO Yyla TNV €AACTIKI, OCO0 Kal yiO TNV TIAQCTIKN TIEPIOXT], PAIVETAlI OTO OXAUA

3.6.

H|««i(ia3.5.nl)

TTT

B=Rc+rp2/ (My-1) * (-1 +2* (po* (No-1) +Rc) / (Rc* (No +1))) -po*rp'2

- +
po 1P 4]

Simplify [In [6]]

((-1 + Ng) po + Rc) rp2
1+ Nff

IxNua 3.5 H amAottoinuévn popen e oxéong 3.8 OTwC TIPOEKLYE aTiO TO
«Mathematica».

IxAua 3.6 ZXNUOATIKA OTIEIKOVION TWV TACEWV GUVOPTACEL TN ATTOCTACNG ATIO
TNV EKOKAPI OE EAOCTOTIAOCTIKO HECO.
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3.2 Kivnuatiko 11edio TTEPIBAAANOLOAC Bpaxopaladg

Mo ToV UTTOAOYIOHUO TOU EVTATIKOU TIEdiov TNG Ppaxouddlag, XPNOoIUOTIoIEITal TO

KpITNplo actoxiag katd Mohr-Coulomb, 10 oTt0i0 eK@pPAlETON YE TN GXEON:

of =of -N¢ +I-c-~"N"™=ar -Ngy +R_ (3.10)
Mia dAAn Ekppaon Tou idlou Kpitnpiou, divetal amo v €&Ng e€icwan:
~~~~~~ — Po1sing + ¢ cosg (3.11)

Mo va mapapeivel n Bpaxouala otnv EAACTIKI TIEPIOXN, B0 TIPETIEl va aOKNOEi

OTNV EKOKOPN EC0WTEPIKN Trieon PEYOAUTEPN N ion ATO TNV TIYN ¢ PCr.

Zxnua 3.7 KOkAol Tou Mohr oToug OTTI0ioUG TO £30MOC TIAPAPEVEL OTNV
EANOCTIKN TIEPIOXN.

H Ty aut g Trieong ovouddetal Kpiolun eowTteplkn Ttieon (pcr) Kal

vTTIoAOYyiletal pe TN Pondeia twv oxéoewv (3.10), (3.11).

R .
Per =Po -(I-sin”)-c-cos”™ = pg 1(I - sing) (3.12)
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4

Zxnua 3.8 TAacTIKoTIoNUEVN {wvn yOPw OTI0 KUKAIKA) OTjpayya.

Av 1l EOWTEPIKA OOKOUPEVN TriEon pt €ival HIKPOTEPN aTd TNV pCr, TOTE N

Bpaxoudla TIAACTIKOTIOIEITAl KOl N GUyKAION Tn¢ onpayyac didetal armo tnv
oxéon (Hoek 2000):

o= U vy (oo - - (i-2-v) (PO-p.) (3.13)

210 TIponyoUuevo Ke@AAalo, BpEBnke OTI av n Ppaxoudla TtapayEivel otnv

eAaoTIKn Ttepioxny € g pcr), TOte n cUyKAIoN NG onpayyag dideTal amo tnv

oxéan:
i+v . R2
ur =-7T-(Po-Pi)-—- (3.14)

OpIaKN 100PPOTIIO €XOUME OTNV TIEPITITWON TIOL IOXVEl pCr=p, KAl yia TOV
UTTOAOYIOMO TNG OUYKAIONG MTIOPEL va XpnolihoTtoin®ouv Kal ol d00 TIaPATIAVOL

OXEOEIC.
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Zxnua 3.9 Aldypouyua ocOyKAIoNC.

2V TIEPITITWON TIOL YIa TOV UTIOAOYIOMO Tng OUYKAlong, Ogv yivel n
TIapadoxn Ot 10 €3a@OoC eival aBApEG, TA TOIXWHATA TNC EKOKAPNC £XOULV
SIAPOPETIKI KAUTIOAN OUYKAIONG OTIO TNV opo®n Tng, €€autiag Tou 1810BAPOLG
MG TIAACTIKOTIOINMEVNG dwvng Tdvw ammod  autv. Xto oxnua 3.10
artelkovidovtal o10 010  dlaypapua  n  OoUYKAION TG O0OpoeNng Kal  Twv

TOIXWHATWY HIag anpayyag.
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ZxNua 3.10 KapttOAn oUOYKAIONC TOIXWHATWY Kal 0pOoQrC MIOG EKOKOPNC.

H tiur] ¢ olykAlong 1ouv Ba TIpayPaToTIoINBEl oe pia onpayya eEaptdral o€
MEYGAO BaBud, OTWC @aiveral oo Ta TOPATIAVW, oo TNV  {wvn
TIAQOTIKOTIOINGONG NG ekokapnc. '‘Etol, 6co peyaAltepn eivar n J{wvn auth
(dNAadr) 600 JEYOAUTEPO €ival TO rp), TOOO HEYOAUTEPEG KaBi(noelc Oa
TIPAYHATOTIOINB0UY aTNV TIEPIOXN. MNa T0 €0POC TNC TIAACTIKOTIOINKEVNG {wvNnG
OE MIa EKOKO®PI], KOBOPIOTIKO POAO Ttailel 0 OUVTIEAECTNC ULTIEPPOPTICNC TOU
2-Po

K

€dA@oLC TIOU opileTal artd TOV AOYO

EkTpdtal 01l o€ TIEPITITWOEIS PPAXWOWV OXNUMOTIOUWY OCE AVUTIOCTHPIKTN

onpayyad, TwvV OTIoiWwV N avioxn G& aVveEUTIOdIOTN OAIPn eival TOUAAXICTOV
SIMAGOIa NG apXIKAC eviaTikAg katdotaong pP0 (Ns< 1), dev Ttapatnpeital
TIAQCTIKOTIOINON TNG EKOKOENG KAl N onpayya TIOPAPEVEL OTNV EAACTIKN {wvn.
2NV avtifetn TEpiTITLOON, av n Tiyn ¢ Rc, gival pikpotepn amo 10 40% 1n¢
P0 (Ns>5), 10Te n {Wvn TTAACTIKOTIOINONG MEYOAWVEL EKOETIKA, Kal 0 Kivduvog

KOTApPELONG TNG €KOKOENG E€ival opatdg. Ta Taparmavw artelkovidovral

OXNUOTIKA 0To akoAovBo axrua (Kwpodpopocg All.).
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W12 7Z70TX\
onpayya ofpayya

s VAN
Ns<1 |\ ZZ2222222727C

1«N,<2

NN =T 272772777

onpayya - "
YL ZZZ2 22777 #H
2<N(<5

Zxnua 3.11 Emppor tou Ns 1o €0pOCg TNG TIAQCTIKOTIOINUEVNC {WVNC.
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ApIBUNTIKEG PEBODOI LTIOAOYIGHOU



4. APIOMHTIKEZ MEGOOAOI YIOAOI'IZMOY

Ol TIPWTEC EPAPHPOYEC TWV APIOUNTIKWY HEDOdWV CE YEWTEXVIKA TIPORAAUATO
EUEAVIOTNKOV OPECWC PETA TNV AVATITLUEN TNEG avTioTolXNCG PeEBodoAoyiag o€
GANO e@appocpéva TIEdia, OTIWG Yia TIOPAdEIYUO OTNV PEVCTOPNXOVIKY. Ta
TIPWTO  YEWTEXVIKA €pya T OTIOI0 ATIOTEAECOAV TIEDIO €QAPPOYNG  TWV
apOuNTIKWV PEBOdWV gival ol arpayyeC. Ol TIPWTEC TIPOCTIAOEIEC AVAAUTIKNAG
TIPOCEYYIONG TOL TIPOPRAAPATOC TNG KOTOOKEUNC KOl TOU UTIOAOYICHOU TwWV
onpayywv gylvav pe  Bewpnon ONUOVTIKOTOTWY  OTTAOUCTEVCEWV
(LTIEPATIAOLOTEVCEWV) WC TIPOG TNV HOPEr Tou TIPOPRANUATOC KAl TNV
OUUTIEPIPOPA TWV CULCTATIKWVY UVAIKWV (UéBodol Twv Terzaghi, Protodiakonov,
Lauffer). O1 Ttpoceyyioel¢ auteg e&€talav TNV 10OPPOTIIO OTEPEOV CWHPATOC
Xwpi¢ va eival e Béon va OwWOOULV TIANPOPOPIEC YIO TNV OVAPEVOUEVN
METOBOAA TOUL EVIOTIKOU KOl KIVNUOTIKOU Ttediov. ETOpevn @ACTN OTIOTEAED N
XPrON OVOAUTIKWV  €EI0WOEWV  YIO TOV UTIOAOYIOHO TwWV OnpAyywv UE
Bewpnon TOU TIPOPRANUATOC WC KUKAIKI OIOTOUN, TOL €3A@IKOU ULAIKOU ¢
OMOYEVEC I0OTPOTIO KOl TNC OPXIKNG EVIATIKNG KATACTOONG XWPIC UETAROAR
Ko®' UOyog¢. Me TOV TPOTIO QUTO divovial ETIADCEIC YIO OUYKEKPIPEVO
eetadOpevo onueio. XTI €TUAUCEIC QUTEG, OVTI TWV MPEIPWV UTIOOTHPIENG,

BewpeiTal N avTioToIXN E0WTEPIKI TTIEON LTTOCTAPIENG.

H mpotn e@appoyr tn¢ apiOuntikng avaAuvcong eg@avidetal pe TNV Xpnon
EAATNPIOKWY OTOBEPWV TIPOCOMOIWONG TNC OATIOKPIONG TOL TIEPIBAAAOVTOC
€OAMOLG, €VW 1N @OPTICN TIPOCOMPOIAeTal HE  OIOYPAUMUOTO  YEWOTATIKWV
wlnoewv, (BAéme oxNua 4.1). H Tpocéyyion TIAPARAETIEL  ONUAVTIKA
KOBOPIOTIKA Onueia Tou TIpayuaTikoU TipoBAApaToG. H  Ttpocouoiwan g
OAANAETTIOpOONG €dA@OUC KOl  METPWV  ULTIOCTNPIENG  E€ival  TIPOKTIKA
TIEPIOPICHPEVN, TOOO WC TIPOG TNV TIOPAKOAOUBNON Twv QACEWV KOATOOKEULNC,

000 KOl W TIPOG TNV OTIOKPIoN TOU €3A@IKOU UAIKOU. ZUYKEKPIYEVA, KOOE
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EAATNPIOKN] OTOBEPA TTAPOUCIALEl TIPOKTIKA  OIOQOPETIK]  CUUTIEPIPOPA,
€€apTwueVn OXl PJOVO OO TNV dLoKAPWIia Twv HETPWVY APECNG LTIOCTHPIENC,
OAAG Kal aTto TNV OladpPour] TACEWV TOL TIEPIBAAAOVTIOC €dA@OLG, N OToia
EVTOUTOIC O&V OTIOTEAEI PEPOC TNG dlOKPITOTIoINONG otV dedopévn avaAuon.
ZNUOVTIKO €TTIONG MEIOVEKTNUO TNG TIPOCEYYIONG OUTHCG OTIOTEAEI TO YyeEyovo(g
OTl T OQTIOTEAECUOTO TG avAAuong oOev  €ival  IKAVOTIOINTIKA  yid TNV
TIPOYUATOTIOINON avTioTpo®ng avaivonc. H xpnolpomntd Tng ouvioTatal
OUCIOCTIKA OTNV EAAXIOTOTIOINGN TOU OYKOU UTIOAOYICMWV TIOL OTTAITED N
OlOCTOCIOAOYNON TOU EPYOU, HE TIOPAAEIPN OPKETWV TIOPAUETPWY TOU
TIPOPBANUOTOC, PE AYVWOTA TIEPIOWPIO AOPAAEING, XWPIC va gival yvwoTh n
OKpIBela, N aC@AAEID KOl 0 OIKOVOUIKOC OXEOIOOMOC TOU €pyou. AKOPN Kal
oTNV TIEPITITWON TIAAPOULG EVOPYAVWONC TOU £PYyOu, TA OTIOTEAECHATO TNC

AvAALGCNG O&V UTTOPOUV TIPOKTIKA VO CUYKPIBOUV HE OUTA TWV PETPNOEWV.

Ixnua 4.1 Tpocoyoiwan onpayyag we UTIEPCTATIKOD (POPED PE XPron
EAATNPIOKWVY OTOBEPWV YIa TNV ATIOKPION TOU TTEPIBAANOVTOG
€0APOULC KOl YEWOTATIKWV WONTEWV.

H ouvexng avdmrtuén Ttwv aplOunTikwv HeEBOdwWV (EEEAIlYUEVOL KOTOOTATIKOI
VOUOlI CUMTIEPIPOPAC GCGE GCULVOUACHO HE UTIOAOYIOTIKA OCUCTAMOTA HPEYAANG
I0X00C) ETUTPETIEL TNV OUVEXN PEATILWON TIPOCEyylong TOL TIPORARUATOC,
TTapéxovtag  duvatoTnNTa  TIPOCOPOoIwaN g, T000  TWV SIOPOPETIKWV
KOTOOKEVOOTIKWY @ACEwV (OTAdIOKN €KOKa@r), 000 Kal ToU €&idoug Twv
eTePBacewy  (TOTTOBETNON  OToIXEiwv  O0oKoL  pdaBdou pe  duvatoTnNTa

EVEPYOTIOINGONG-ATIEVEPYOTIOINONC Kal ETTIBOAN TIPOEVTAONC KATA TIC OIAPOPEG
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@acelg). O1 aplunTIKEG MEBOJOI  TIOPEXOULV  gTTioNG TNV duvatoTnTa
TIAPOKOAOVBNONC TNG EVIATIKIG KOl KIVNUATIKAC KATACTOONG E€iTE KOO TIG
OIOdPOUEC TACEWY OTO ONMUEI OAOKANPWONG Kal KATAJEIKVUOOUV HE TOV TPOTIO
auTo TIC aoBevéotepeq JWVeEC, OTIOU KOl av XPeldadetal AUEDN ULTIOOTHPIEN,
KaBWC¢ Kal TBavVEC auToQepOPeveC (WVeG OTIOL Oev aTTAITEITAN ANYN EIOIKWV

HETPpwWV LTTOOTHPIENG (Kwpodpouog Alg., 2001).

H xprion aplBunTikwv HEBOdWV ETTOPEVWC OTIOTEAEI €va ONUAVIIKO E€PYOAEIO
ylo TOV HUNXOVIKO, a@evOC HEV KATA TNV (ACn OXeJIOOPOU, O@ETEPOL OE KT
N @ACN EKTEAEONC €VOC ULTIOYEIOL €PyOu, HE TN TIPOUTIOOeon OTl £PAPUOLETal
owoTd, dnAadr AauBdvovtal LTIOYN KATA TIEPITITWAGN Ol SUVATOTNTEC Kal Ol
TIEpIOPICPOi TNG KABe pebodou. Emiong agidel va onueiwbei 0TI Kapia amo Tig
pEBODOULG Oev Bewpeital KATAAANAN Yo TNV E€TUHALCON TOU GUVOAOU  TWV
TIPORANUATWY. H KABE pia Ttapouoiddel BETIKA Kal apvnTIKA OTOIXEID w¢ TTIPOC
NV €TTIALON €VOC OUYKEKPIYEVOL TIPOPRAAUOTOC. 'ETOl, TIOAAEC (QOPEC Eival
aTTapaitNTog 0 CLVOLACHOG I N CGUYKPION TIEPICCOTEPWY NG MIOG HEBOdwWV,
yla TNV ETUTELEN TOU KOAUTEPOUL ATIOTEAECUATOC. XOPOKTINPIOTIKA ava@EPOVIal
MEPIKEC ATIO TIC APIOUNTIKEC PEOBOdOULC TIOL XPNCIUOTIOIOVVTAL VIO TNV ETTIALON

YEWTEXVIKWV TIPORBANUATWY (Ayloutaving Zax. 2002).

MéBodog Temtepacuévwy atoixeiwv (Finite Element Method)

e  MeEB0d0¢ Twv TIEpacpeEvwy dlagopwv (Finite Difference Method)

e  MEB0d0¢ Twv ouvoplakwV oTtoixeiwv (Boundary Element Method)

e MEB0O0OC TwV JlaKPITWY (N dIaKEKPIPEVWY) oTolxeiwv (Distinct Element
Method)

e YPBpdlkEg pEBodOl  (Hybrid Methods), o1 omoie¢ ouvdudalouv

XOPOAKTINPIOTIKA attd d00 1) TIEPICCOTEPEC PEBODOUC.
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IxAua 4.2 ApiBunTIKEG PEBOBOI ETTIALONG YEWUNXOVIKWOV TIPORANUATWVY.

4.1 Z0ykplon peBOdwv FDM - FEM

O1 000 KUPIOTEPEG MEBODBOI TIOL XPNOIPOTIOIOUVTOlL CrUEPa €ival n PEBOOOG
TWV TIETIEPACHEVWV OIAPOPWY Kol N HEOODOC TWV TIETIEPACHEVWY OTOIXEIWV.
H mpwtn €ival n mmoAaiotepn aplOuntikny YEBOdOC TIOU XPNOCIPOTIONBNKE Yia
NV ETTIALON JIOPOPIKWV EEICWOEWY, EXOVTOC OEOOUEVEC TIC APXIKEC TIMEG TWV
OUVOPIOKWY CLVONKWV. ZTNV PEBOOO aUTA 0 LUTIO PEAETN XWPOC Odlalpeital o€
€vav OPOIOPOPPO KAVWWAPO, €T01 WOTE va OXNUOTIOTOUV KEAIA OULVIBWCG TOU
idlov peyéboug. H dlaoplkn egiocwaon ekEPAleTal Pe Paon TV TPR NG
ouvAaptnong oe KABe onueio Tou KAvvABoL, KABWC Kal TIC TIOPAYWYOUS TNG
ouvApTNOoNG yupw arto KABe onueio. O AyvwaoTteg TTOCOTNTEC ULTTOAOYiIlovTal

og KABe onueio Tou KavvaPBou PE TNV ETUIALCN TOU QAVTIOTOIXOU OAYERPIKOU
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OUOTNUATOC EEICWOEWV. AVTIOETA, TNV PEBODO TWV TIETIEPACUEVWY OTOIXEIWV
0 UTIO WEAETN XWPOC Olalpeital oe  ETPEPOLG TUNRMUATA  (TIETIEPACUEVA
otoixeia). O aApBPOC Twv dIOCTACEWV TWV OTOIXEIWV auTWV Egival cuvhBw(
AVTIOTOIXOC HE TOV OPIBUO TwV dIOCTACEWY TOU UTIO HLEAETN XWPEOU Kol TO KAOE
oTOoIXEi0 artoteAeital amo KOPBouc. H OCULPTIEPIPOPA TOU KABE TUNUOTOC
TIEPIYPAPETAl HPECA OTIO  JIAPOPIKEG €€l0Wael. Ol AYyVWOTEC TIOOOTNTEG
vTtoAoyidovtal OTouG KOUPBOUG TOL KAVWAPBOL TWV TIETIEPOACHEVWVY CTOIXEIWV
KOl HECW  YPOMUUIKWV N Un  YPOUUIKWV  OUVOPTIOEWVY  TIAPEUBOANG

vTtoAoyidovtal oTa LTTOAOITIA CNUEia Tou PECOU.

Zxnua 4.3 Kavvapog TIETIEPACHEVWVY dIOPOPWY HE TETPAEDPIKA OTOIXEIA.

Kal o1 d00 pEB0dOI £€XOUV WC ATIOTEAECHO Eva OUVOAO OAYEBPIKWVY EI0WOTEWV,
TO OTI0i0 Kal €TIIAUOULV. MapPOA0 OPWC TTOL 0dNYOUVTAl OTIC EEICWOEIC OUTEC HE
OIOPOPETIKO TPOTIO, Ol TEAIKEG €&IOWOEIC €ival Ol idleC Kal oTi¢ dUo PEBODOLC.
Agv €Xel vONUO €TIOMEVWC N OUYKPION Yia TO Trola PEBOSOC eival KaAUTEPN,

a@oUL Kal ol dV0 0dnyouv OTIC BIEC EEICWOEIC.

EvtoUTolc KOt Tnv OIAPKEId TwWV E€TWV OPICPEVEC HEBODdOAOYIEC €xOouv
ouvdebel dueca pe KATIOIO ATIO TIC OVO PEBBdOULCE, OTIWC YO TIAPADEIYUA TO
OTl T TIETIEPOACHEVA OTOIXEIO KOTAOKELALOUV &va LTIEPUNTIPWO JLCKAUWIOG
TIOU TTIEPIEXEI PECA TOL OAA TA ETTPEPOUC UNTPWO OUCKAUWYIAC TWV ETTIPEPOLC
oToIXEiwVv Kal KABe @opd Tou xpeldletal 10 avakaAouv (Implicit method), evw
KATI TETOIO OEV YiveTal OTNV PEBODO TWV TIETIEPACUEVWVY dIOPOPWV, KABWC TO
MNTPWo Oduokauyiag vrtoAoyiletal oe kaBe Prua (Explicit method). Auto
KaBlotd kat tnv M.M.Z. 10 ypriyopn o€ oxéon de v M.I.A. Og OTOTIKA

TIPORAAMOTO OTa OTIoiO N SUCKOUWIO TOU PECOU TIOPAMEVEI OTABOEPI], EVW 0
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XPOvo¢ TIou arttaitolv ol dU0 HEBOJOI 0o OUVOETA TIPOPRAAUATA PN YPOMPHUIKA,
givalr o idlog¢. Emiong, avty n 1diomta m¢ MUILXI.  armaitei  peydio
ATIOONKELTIKO XWPO (LTTOAOYIOTA] HE HEYAAN HVAMN), YO va MTIOPEi va
OTTOONKEVTEl TO ULTIEPUNTPWO SUCKOUWIAC Kal KABE @opd TIov XpPelddeTal va

avOoKoAegital, og avtiBeon pe TNV M.I.A. TToL dev €Xel 1IDIAITEPEG ATIATATEIC.

4.2 Oewpia apOUNTIKWV PEBODdWV

O @opéac tou oxNuatog 4.4 otnpidetal otV ETIEAVEID Su PJE KOBOPIOUEVEC
petatoTtioel \ps'] kol LTTORAAAETON OTIC €TUQAVEIOKEG dpaoelg {fs} (dpaoelq

avd HOVAda ETUPAVEIONG) OTNV TIEPIOXN ETI@AVEIOG S. ETITTIAEOV 0 @QOpPEAC

uTtoBAAAeTal 0t padikeg Opdoelc {fv} (dpdoelg avd povdada Oykou) Kal OTIC
eTuKOUPIEC Opdoeic{R'c}otov koOuPo i Zto oxnua 4.4 @aivetal €miong To

TOTIIKO OUOTNUA  OCUVIETOYPEVWY TOL  TIETIEPACHEVOU  OTOoIXeiou m. Ta

dlaviopaTa Twv eEWTEPIKWY dpAcewv opidovtal atmod TIC OXETEIC:

P> =V frs A
(R cx ° o= 1 X
Rcv V= fuy {fs}= T,
vVRCZ, ITVZ) fsz)

ZxNua 4.4 OAOCGWHOC TPIBIACTATOC POPEAC OIOKPITOTIOINKEVOC PE EEOEDPIKA

TIETIEPOGEVA OTOIXEIO OKTW KOUPwWV.
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O1 pJeTaToTrioEI €VOC TuXaiou onueiov P(X,Y,Z) tou @OPEd, WC TIPOG TO

KOBOAIKO oUCTNUO CUVTETAYUEVWY XYZ ek@palovTal aTto 10 JIAVUCHO:

an
{UX)Y,2)}= Vv (4.2)
YWy

EVW Ol ETIIKOMPPIEC METATOTUIOEIC OAWV TWV KOUPBWV TOU @opea ek@palovtal
attod 1o didvuopa {D}=[UiViWi Uz2V2W2 ]t

4.2.1. TACEIC KOl TIOPAPOPPWOEIG

O1 Tdoel Ol OToie¢ aoKoLVTal Ot €vad  OTOIXEIWdeC opBoywvio
TIAPOAANAETTITIEOO dX-dY-dZ otnv TPISIACTATN EAACTIKOTNTA @AivovTal OTO
oxnua 4.5.

tuxdYdz

()

Zxnua 4.5 (o) OAdowpog TpIdIdaTaTog @opéag, (B) oteped tdoewv, (y) opbn
OLVaTH TIOPANOPPWON, (d) dIATUNTIKN dLuVATH TIOPAUOPPWAN.
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AOYw TOU OTI IOXVOULV Ol OXECEIC TXY= TyX, TX(= T¢X Kal Ty(= Ty , N EVIATIKN
KOTAOTOGN O OTIOIOdNTIOTE Onueio Tou @opéa Tpoadlopidovial aTo TIC £EI
OUVIOTWOEG TNG TAoNG OX Oy, OZ TXY, Ty{ T{X Ol OTroieC kol Kabopilouv TO

dlavuopa tTwv Tdoewv {c}:

{o}=[ox oy oZ txy TYZ TX]Ta (4.3)

Kat avoloyia Tipog TIC TACEIC, 1N KOATACTOON TNG TIOPOAUOP@WONG &VOC
onueiov 0L @OPEn TIPOCdIoOPIZETal ATIO TIC QVTIOTOIXEC £E1 OUVICTWOEC TNC
TIAPAPOPPWONG, Ol OTIoie¢ Kol opidouv 10 dIAVUCUA TWV  AVNYHEVWV

TIAPOAUOPPLaewV {€}:

{e}=[ex ey e yxy yy( yima (4.4)

oTtou Yij gival o1 TEXVIKEG avnyudEveg SIOTUNTIKEG TIAPAUOPPWOEIC (engineering

shear strain): YXY=2 €y | yy(=2 &y( : YIX=2 €l

4.2.2. ApXn Twv dLVATWV £PYwV

Mpokelpévou va dIaTuTIWOEL N e€&icwan 100PPOTIIAG TOU POPED TIOL POPTIETAL
pe Ta e€wteplka @optia {fs} {fv}, {R'c} omov i=1,2, 0Oa epapuoctei n apxn
TwV OUVOTWV METATOTIICEWY, N OTIoi0 OVOUAZETAl Kal OpXr] OLVATWV EPYwWV.
Oa BewprioovPE OTI TO LAIKO Eival YPOPUIKWC EAACTIKO Kal OTl ETIKPOATOUV
OUVONKEC HIKPWV METATOTIICEWVY, OTIOTE Ol €EICWOEIC ICOPPOTIIAG PTTOPOLV va

SlaTUTIWOOUV OTN YEWMETPIO TOL ATIOPAPOPPWTOL POPEQ.

H apxn Twv duVOTwV PETATOTIICEWV JIATUTIWVETAL W¢ €€NC: ‘OTav £vac QopEac
@OPTI{eTal PE EEWTEPIKA POPTIO KOl ICOPPOTIEI, TOTE yIO OTIOIADONTIOTE «UIKPI»
duvaTr TOPAPOPPWAON TOL QOoPEd, CLMUPBIBACTA PE TIC OLVONKEG OTNPIEEWC ToU,
T0 OLVOTO €PY0 TWV ECWTEPIKWYV SUVAPEWV looUTAl PE TO dLVATO €Py0 TWV

€EWTEPIKWV SUVAPEWV.
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Onwg @aivetal ato oxnua 4.5 1o duvatd €pyo NG opbrg duvaung oxdYdZ yia
pia duvaTtr  METOTOTIION NG €dpag dY-dZ katd sxdX 1coUtal e

(Mamadpakakng M., 2001):

i7dXoxdYdZ=i>xdV (4.5)

EVQ TO dLuVATO £PYy0 TWV SIOTPNTIKWY duVApuewv TYZAXdZ kal TZYdYdX divetal

aTtd T0 ABPOICHA TWV YIVOUEVWV:

eylaYTy{aXazZ + elyadZtlyaxayY (4.6)

2eytylAv = y™" &Y 4.7)

ETTOpéVWG TO GUVOAIKO duvaTO £pyo Twv OULVAPEWV TIoU OpPOUV CTO

OTOIXEIWOEG TIOAPOAAANAETIITIEDO 100UTAI E:

dWA = (exox +E£-y(7y +&l<til +yxyTxy +Yylty( Yzx"zx)dV (4.8)
N
dWmx={~Y{a}dVv (4.9)

Mo 0A0OV TO @OopEa TO dLVATO £PYO0 TWV ECWTEPIKWV OSLVAUEWY 1000UTAl E:
= (4.10)

To duvatd €pyo TwV eEWTEPIKWV SULVAUEWVY Ba ATIOTEAEITOI OTIO TO €PYy0 TWV
ETIPAVEIOKWOV OUVAPEWY, TO £PYO0 TwV MHAJIKWV OLVAUEWV KOl TO €Ppy0 Twv

ETUKOMUPBIWV dUVAUEWV:

=\Pyr{yavt J{fsF{/sys t (4.11)
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omouv (i7} eivar 1o dldvuoua Twv OLVATWV MPETATOTIICEWY €VOC TUXAiIOL

onueiov P(X,Y,Z) 10U @Opéa, |t/s} gival 10 dldvuocpa  Twv  duvatwv
METATOTIICEWV €VOC TuXAioL anueiov TNg @optilopevng etteavelag S, kal {D},
{RC} eivai 10 JdlovOopata Twv OUVOTWV ETUKOUPBIWV HPETATOTIICEWY  Kal
ETIKOUPBIV Opdcewv TOL @OpPEA, avtiotoixa. H egiowon g apxng Twv

dUVATWV £PYWV YPAPETAL:

W-int = Wext
n

HEIT{0}V=J{U}T{f}dV+I{US}T{fsidS+{D(T{Rc} (4.12)
Y \Y S

v eliowon (4.12) &xoupe Bewpnoel O0Tl ol TAcEl {O} AVTICTOIXOUV OTIG
TACEIC TIOU 100PPOTIOVV Ta €EWTEPIKA @opTia. O duvateg uetatoTtioel {[/}
QVTITIPOOWTIEVOUV £VA CUVEXEG TIEDIO dUVATWV HETATOTIICEWVY, CUUPBIBACTO UE
TIC ouvOnkeg otnpigewg tov @opéa ({i/}=00TIg¢ otnpielc Su ), amod 10 oTIoIo

TIpocdlopidovtal ol dUVATEC AVNYHEVEG TTAPAPOPPWOoElg {it}.

4.2.3 MpocdIopICHOC PNTPWOL dLCKAUWYIAG opoyevolg OTOlXEIOL

H dlot0Tiwon Twv OXECEWV OVNYHEVWY TIOPOAUOPPWOEWY - MHETATOTIIOEWV
aTtoTeEAEl  éva  onuaOVIIKO Prua  yia TOV  TIPOCOIOPICUO  TOU  UNTPWOUL
duoKapPiag Twv TIETIEPACUEVWY OTOIXEIWY. Zuvrnbwg OJINTLTIWVOVTAL CTO
KOPTECIaVO OUOTNUO CUVTIETAYUEVWY, OAAA UTTOpOUV €TTiong va JloTuTIwOoUV

Kal gg GAAO cuoTAPATA | HE AAAOULG TPOTIOUC TIEPAV TOU KAQGIKOU.
Ag e&etdooupe éva aTtoixeio AoBOMoA0 TOU ATIOPOPOPEPEWTOL CwUATOg (Z0).
‘Eotw dx-i, dx2 ta pAkn TOU oOpBoywviou. OTIOTE Ol CUVIETAYHEVEC TWV

Kopuwv Tou Ba eival:

A0 (X1,X2) BO: (xi+dxi,x2) o (xi+dx"xz+dxz) AQ0: (x1t x2+dx2)
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ZxNua 4.6 TMapaudpewaon otoixelwdoug opboywviouv dX-dY.

META TNV TTOPAPOPPWAON ol Kopueec Al B0 M0 A0 petatortidovial ota onueia

A,B,I',A Ttou Ba €xouv cuvtetayueveg (Taauao@upog ., 1990):

A: (XI+Ui, x2+u2)

B: rdxn uin-diaxi | x2+u2+ 3 dxo
dx, dxl
d I= 1 d 9, d ) 1 d ) ;
T (x-i+dxi + b+ i dax~ L dxe , X2+dX2HU2+ L A dx2§
dx, dax? dxl dax?
A (X1+ul+ - dx2 |, x2+dx2+u2+-N- dx2)
dx. dx-.
Omtote 1a dlavouopata AB kat AA Ba €XOUV CUVIOTWOEG:
d d du du,
AB=( oxT+ et | U dxi) AA=(—L dx2 , dx2+—- dx?)
dx, dx. dx. dx.

AINMAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA TMOAITIKQN MHXANIKQN MANEMIZTHMIOY OEX>AAIAZ



APIOGMHTIKEZ MEOGOAOQOI YTOAOI'ZMOY 45
AIEPEYNHZH AMOKPIZHZ ZHPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

H avnypévn mtapapgop@won &1 €ival ion €TTOPEVWC LE:

(AB)-(A0B0) 1
AIBI dxi

*11 =

dx? (1+d—L)2 +(:l_ )2 -1-=

ll 2duT gfdux/\ fdu2)
oo, [dxxd J

N N
1

Aedopévou Opwg OTl Ta
KdxXJ

(i=1,2) eival armeipootd PEYAALTEPNCG TAENC,

MTTOpOUV va ayvonBolv. OTIOTE Ttaipvovtag 10 AVATITUYHO o€ oelpd Taylor !

KOl OyvOWVTOG TIAAL T OTIEIPOCTA HPEYOAUTEPNG TAENG, EXOULME:

dui

1 — (4.13)
= dx,
Me TOV idl0 TPOTIO UTIOPOUPE VO UTIOAOYIOOUPE TNV AVNyMEVN TIOPAUOPPWON

€22

du?

(4.14)
ox?

EKTOC Opwg amo TIC OpBEC avnNyMHEVEC TIOPOAUOPPWOEIC EPEAVICETAL Kal Hia
SlATUNTIKA avNyHEéVN TIOPOPOP@WOn Yiz=Yzi=YI1+Yz2, dnAadn pia UETAPBOAR NG

ywviag AIA0BO. ATIO 10 oXua BAETTOLUE AOITIOV OTI:

\ (BB") _ du? dx. du? |
N ~tan=
AS' ox i
(AS) X ldxl +M—.dx1 x| 1| ou
v i 3XI

1 To ava7lruya Taylor o€ ogipd tou *JI\+ X gival

'I_S(=I+1?X 1 x2+ 13 X3

2.4 2.4-6
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du.
Emeidny Opwg 10 —- €ival TTOAD PIKPO EUTIPOC OTNV Povada, EXOUUE:
5X,

du?

= 4.15
7, - (4.15)

Me tov id10 TPOTIO BPICKOULE:

dux
70 = (4.16)
OX,
, , du, du3
OTOTE IoXVEL: YN=Y2A= ——+- (4.17)
o2  ax.

Katd OuveETIEID TO OUVOAO TWV OXECEWV OVNYHEVWVY TIOPAPOPPUOEWY

METATOTIIOEWV, O€ TPEIC JIACTACEIC YPAPETAl WC €ENG:

du ou, ol
M1 = 2 =r2l = N__
11 - r2 = ri gxy+ v,
) du, dus
€2 — Y13 =731 =~ /> +-TF
ox, ux3  ax,
dul du, du,
*33 = 723 =732 +
OX. 3x3  ox2

€ UNTPWIKI HOP®N Ol TIAPATIAVW OXECEIC YPAPOovTal wC €ENC:

R~ 3/3X. 0 0
€2 0 o/ dx? 0 U
€3 0 0 3/ 35x3 '
7i2 S/dx? 3/5X, 0 i
73 0 578x3 0/ 5x2

723 0/ 0X3 o >/ 3x3
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f OAAIGC BH«} (4.19)

ortou {€} eivalr 10 dldvuopa TwV TTOPAPOPPLaewV, {u} €ival To dIAVLUCUA TwWV

METAKIVACEWV Kal [B] T0 upNIpwo JeTaoxnuatiopoL (transformation matrix)
TIapapopPwoewyv (Kwuodpouog Aid., 2001).

Me BAon TNV CUPTIEPIPOPA TOU UAIKOU KOl TIC OVAAOYEG QTIAOTIOINTIKEG
TIAPAdOXEC, VYIVETAlI KOTAAANAN ETUAOYI] TOU KOTOOTOTIKOU VOUOUL. XNV
ATIAOVUCTEPN TWV TIEPITITWOEWY TIOU BewpPEital T0 UVAIKO ¢ YPOUUIKO Kal

EANAOTIKO 1OXVEL N €ENG oxéon:
{o}=[0K¢e} : omov {o}: didvuoua TwV TACEWV (4.20)

To untpwo [C] OtV YEVIKI] TIEPITITWAON, €XEl TNV €ENG MOPON:

Lo Grp  Cig S M5 L
il G CB Cu cb
3, I cs cu CH  Ci6
41 Fp cuB  CH  cs cu
51 Igp 3 Q4 o5 ab
b1 % Ca gt Ca Cf

To untpwo [C] TepihauPBavel 36 CLVIOTWOEC. ETMEId] OUwg TO PNTPWO €ival
OUMMETPIKO Kal 1oxVel Cij=Cjj , ol aveEdpInNteC OULVIOTWOEC TOU PNTPWOU

Tieplopidovral og 21.

ZTNV TIEPITITWON I0OTPOTIWV UAIKWY 0l ISI0TNTEC TWV ULAIKWV ek@pAalovtal HE
TOV oUVOLOCHO TOU METPOL €AACTIKOTNTAG E Kal Tou cuvieAeoTr] Tou Poisson
V. 2TV TIEPIMTwon aut 1o PNTpwo [C] otnv TPIdIACTATN EAACTIKOTNTO diveTal
ME TNV €ENC HOPON):
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iv v v 000
v 1-v ¢ 00
o© v v o1y 0 00
P a2y 0 0 t-v 00
0 0 21-2v 0

0 0 0 2 1-2v

0 0 ~Y~

ATIO TIC oX€o€lg 4.19 Kal 4.20, YE AVTIKOTAOTACN TIPOKUTITEL

{o}=[C][B{u} (4.21)

Me Bdon v e€gicwaon 4.11, 10 £pyo0 TWV €EWTEPIKWV OULVAUEWV TIOU

TTapAyeTal arto OedOUEVO SIAVUOHUO HETAKIVIOEWY OIdETal ATIO TNV OKOAoULON

egiowon:

Wext={u}T{F} (4.22)

ormou {F} T0 OUVOAIKO JIAVLCUA TWV ETIIKOUPRIWV QOPTIWV.

H e€iowon 4.10 pe Bdon v 4.19 propei va ypagei Kal wg:

Wint={U}T | [B]T{o}dV (4.23)

Kal oTn ouvEXEID PE AVTIKATACTOON TNG oXeong 4.21 otnv 4.23 TIPOKUTITEL

Wint={u}T ( J [BIT[C][BldV){u} (4.24)

Emopévwg pe  €€icwaon TOUECWTEPIKOU KAl TOU  €EWTEPIKOU  €Pyou

OUVETTAYETAL:

{ujT{F}={u}T ({ [BIT[C] [B] dV) {u} (4.25)
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Kol TEAIKA:
{F}=(\] [BIT[C] [B] dV) {u} (4.26)

dnAadn 1oxVEL:
{F}=[KKu} (4.27)

ormou [K] 1o untpwo duokapyiag Tou oTolxEiov:
[K]= \] [BIT[C][B]ldV (4.28)
4.2.4 KatdoTpwaon OLUVAPTACEWV TIOPEUPBOANC

Ta TieTeEpACUEVA OTOIXEIQ, PE OTOXO TNV CUCTNUOTIKOTIOIMGN NG dladikaaiag,
WOTE yla Opolov TOTIOL OToIXEial, va XpnolgoTtolouvtal idle OUVAPTACEIG
TIAPEPPBOANG, KAVOUV XPron TOL OToIXeEiov avagopdc. Kdabe aToixeio TOU
TIPOYHOTIKOU XWPOU avAYETOl OE €va KOl POvVadlKO OTOIXEID TOU XwWPEOU
ava@opdag. H avaywyr] TIpayUaToTIoIEiTal HE XPNON TwV CULVAPTIOEWV
YEWMETPIKING META@OPAC N, Katd tn PeTa@opd KABe onueio Tou TIpAYPATIKOU
oTolXeiov aTrelkovideTal o€ éva Kal POVO ONUEI0 Tou OToIXEioL ava@opdg Kal
avTIoTPOPWC. ETmiong kabe TAeupd TOU OTOIXEIOL, KOBOPILOPEVN aTIO VO
KOUPBOUC TOUL TIPAYUOTIKOU OTOIXEIOU, ATIEIKOVIZETAl AP@IMOVOCUUAVTIa ATtO TNV
TIAEUPA TOU OTOIXEIOLU AVAPOPAC TIOU OPIdeTal ATIO TOUC AVTIOTOIXOUC KOMPPBOUC

TOU OTOIXEioL avaEopPAc.

H 1ty kamolag PETABANTNC O€ OTIOIOONTIOTE ONUEI0 TOU OTOIXEIOL avVaAEPOPAC

divetal pe TNV €€n¢ e€iowon (kwuodpopog Ald., 2001):

L(&)=<P(&)>{a} (4.29)
omou P(&) sival n TTOALVWVULUIKN BAon Pe APIBUO Opwv GO PE TOV APIBUO TwWV
Babuwv eAevBepiag TOU OTOIXEiOL avagopdc. Ta 4-kopPa oToixeia TI.X.

loxvel: <P(§)>=<1 ,&,n,&n>, evw yia 8-kouPa: <P(&)>=<1,&,n,&n,&2,n2,&2n,&nN2>.

O 10T0¢ TWV CTOoIXEIWV KOBOopIZeTal aTIO TOV OPIBPO TWV TIAEUPWY KOl TWV KOUBWVY ToL
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&=<¢,n>

ZT0IXEI0 aVaPOopdg

IXNua 4.7 ATIEIKOVION TPIYWVIKOU TIPAYUATIKOU OTOIXEIOU O€ OTOIXEIO
ova@Qopac.

e kOOe KOPPBO TOPEPPOANG n, OTIOL €ival yvwoTrh n OKPIBg TIUr Tou un, N

egiocwon 4.29 Taipvel TNV akoAouOn poper:

HMPnKao} (4.30)

Me avtotpo@r touv pnipwou [Pr], Bewpwviag Ot cival BeTKA OpICPEVO, N

e€iocwon 4.30 PETATPETIETAI CE:

{a}=[Pn"1{un} (4.31)

Me avTIKOTAoTOOn ETIOMEVWC TNG oxéong 4.31 otnv 4.29, n Tun Hiag

HeTaBANTG otn B€éon & divetal armod TNV TTAPAKATW e&icwan):

L(&)=<P(&)>[P->M} (4.32)
f
U(§)=<N(&)> {un} (4.33)
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omou N(§) e€ival TO MPNTPWO OCULVOPTACEWV TIAPEPPOANG TOU  CTOIXEIOU
ava@opdc. O1 oLVAPTACEIC TIOPEUPROANG TIPOKUTITOLV ETIOPEVWC OTIO  TIC
TIOAUWVUUIKEG BACEIC TIOL XOpaKTNPI{ouvv T0 KABe oTolXEiO.

<N(&)>= <P(&)>EP"I (4-34)

H epapuoyn Twv TTapOTTAV®W OTO 8-KOPPO TETPAYWVIKO OTOIXEID TOU OXNMOTOG

4.8, odnyei oTIC TTAPAKATW OXEOEIC:

N, ==QO\-)(\+n)(\+&-n)

A2=—(+iX I+ Y Ki-<?-'?)

N,=-"QA+&(\-N)(\-&+n)

1-7)0+i+7) (4.35)

jvs=|la+7)a-i2)

1+iX1-72)

AL =[(1-7)(1-12)

VS =i(A-EXi-N1)

Kal yla va Bpebolv ol PETOKIVACEIS OE éva tuxaio onueio P(xy), apkei va
Xpnolportoinbouv oi Ttapokdtw oxéaoelg (Dungar R., 1986):

u=N1ul+ N2u2+ N3u3+ Nn4ua+ NsUs+ N6Ub+ N7U7+ N8US (4.36)

V=NI1vl+ N2v2+ N3V3+ N4V4+ N5V5+ N6v6+ N7V7+ NBvE (4.37)
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7

Ixnua 4.8 Ztoixeio ava@opdg dUo dlacTdcewy TUTIOU Lagrange, OKTw
KOMBwWV.

To mpoypapua Flac30 mmouv XpnolgoTIoiNdnKe otnv TIapolca TITUXIOKK €pyaaia

XPNOIUOTIOIEl TETPAEDPIKA OTOIXEIDL.

ZxNua 4.9 Tp1dlAoTaTO TETPAEDPIKO OTOIXEID TETOAPWY KOUPwWV.

H TtoALwVLPIKA BAon €vog TETPAEdPOL PE 4 KOPPBOoLC sival n €ENG:

<P>=<1,,n,(> (4.38)
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ETIOPEVWC:
"1 1 0 0' -> KOUPOCA
1 0 1 0 -» KOupog2
P ,”B (4.39)
1 0 0 1 —> koppog3
| 0 0 0_ -> KOuPBOCA
O avtiotpogog tou Ttivaka Pn gival o €€A¢:
0 0 0 1
[P ]=1 0 0 -1 (4.40)
¢ n O 1 0 -1
° 0 1 -1

O1ote cUPPWVA WE TN oxéon 4.34 1oXVEL

Ni=E | N2=n N3=C N4=1-§-n-C

4.3 EmuAoyn did1acTtatnG-TpidIldcTaATNg avAALonG

‘OAa 1a TIPORAAPATA TOU TIESIOL TOU TIOAITIKOU HNXOVIKOU eival TtpoBARuata
TOU XWPOU, KOl OTtaTolV ETIOPEVWC  TPIDIACTATN TIPOoEyylon. QaoTtooo,
TIEPIOCOTEPO  XPNOIUOTIOIOUVTAL Ta TIPOYyPAMMUATAa OU0 dlooTACEWVY. AUTO
oupBaivel yio Adyoug e&olkovopunong xpovou, agol Ta 3-D mpoypdpuata,
TIOPOAO TIOU €ival TIO aKPIBr, aTmaitolv TIOAD TIEPICOOTEPO XPOVO  Kal
UTTOAOYIOTIKI] 10X0. H avaywyr] KATolou TIpoBARUATOC O KABEOTWC OU0
OlOOTACEWY TIPAYUATOTIOIEITAl PE TNV UIOBETNON  KATIOIWV OTIAOTIOINTIKWV
TIapadoxwyv. OI TIapadoxEC avaywyng Eival TTAVTIO KEQOAAAIWOOLE onuaaciag
Kal N gpUNVEia Twv TIPORANUATWY TIPETIEI TIAVTIO Vo PPIoKETal €VTOC TwWV

TIAQITiIWV TIAPadOXNC KAl VA UV ETTIEKTEIVETAL TIEPA QUTWV.
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Ol TapadoxéC auTEC aTtaviolV OTa €PWTNUATA KATA TT0c0ov (KwHodpouog

Au., 2001):

Ol TTIapAPOPPWOEIC KABeTO OTO €EETAlOUEVO ETTTIEDO Eival PNOEVIKEC

(KaBEOTWC ETUTIEDNC TIAPAUOPPWONE)

O 1tdoclg KAOeTa OTO €EETAlOUEVO ETTITIEOO €ival PNOEVIKEG (KOBEOTWC
ETTITIEDNC €vTOON(G)

e Emkpatei ovuppetpiac  wg TIPpO¢  dedopévo afova  (KOBEOTWC
0EOVOOULMMETPIAC)

e ETmkpatei ouvduaopuoC KOBeOoTWTOC ETNMEdNG TIOAPAMOPPWONG  Kal

ETTITIEONC €vTaoNC.

ATIO TO TTOPATIAVW TIPOKUTITEI OTI KOAO €ival va XpnolyoTtoliotvtal, OTIoU auTo
gival €@QIKTO, TIPOYPAPUOTO TPISIACTATNG OVAAUCNG, €KTOC Kal av OTo UTIO
MEAETN TIPOPRANUA, 10XVEl KATIOIO OTIO TIC TIOPOTIAVW TIAPAdOXEC, OTIOTE Kl
KATIOI0 JIBIACTATO TIPOYPAUMO, ME TNV KATAAANAN OVTIMETWTIICH, Oivel akpifr)
amtoteAéopata. To TPORANUA  Twv onpdyywv Opwe, E€ival éva kKabapd
TPIOEOVIKO TIPOPANua. Ol TIPOOEYYIOEI ME KATIOIN OTIO TIC TIOPATIAVO
TIAPAOOXEC TIPETIEL VA Yivouv pE 1IDIOITEPO PEYAAN TtpoooXr (METARAAAOVTOG
NV TP Tou K, OTav 10 €TTEdO TIOL MPEAETATOl PBpioKeTal TTIOAD KOVIA OTO
METWTIO EKOKAPNC YIO TIOPADEIYUA) KOl TA ATIOTEAECHATA TWV PEBOdWV ALTWV

d¢ev gival akpifn.
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5. NMAPAAEITMATA - EPAPMOIEZ

5.1 Msvika

MeTd TO BOewpPNTKO TUAPA TNG TITUXIOKNAG TIOL TIPONYNBNKE, OTO TIOPOV
KEQPAAAIO TIOPOUCIAZETAl MIO E€QAPUOYN TNG HEBOOOL TWV TIETIEPACUEVOV
dlaPOPWV OTOV TOHMEN TNCG KOTOOKELNCG ULTIOYEIWV £pywv, HE TN [onbela Ttou
Tipoypdaupoatog Flac30. To tmapddelyya autd eTIAUETAL yio Mo CEIPA  aTto
OIO@OPETIKA UAIKA, Ta oToia Xwpidovtalr o€ dU0 Katnyopiec. H Tpwtn
KOTNyopia XPNOIMOTIOIED ULAIKA TIOU OKOAOUBOUV TOV EAQCTIKO KOTOOTOTIKO
vopo. Autr) n Bewpnon eival aAndrig povo yia éva TIOAD MHIKPO MEPOC TwV
YEWUAIKWY, OTIWC YIa TIOPADEIYUO 0 CUPTIOYNAC PPAXOC O UIKPA, O OXEon HE
NV avioxn Tou @opTia. QoTtd6co, auty n PEBOdOC XpnoldoTioleital svplTATA
onuepa, e&aitiag TOLU  XOAPNAOU  UTIOAOYIOTIKOU Tn¢ KOOTOUG KOl T
OTTOTEAECUOTA TNG E€ival OPKETA XPNOIUO OTIC TIEPITITWOEIC TIOU OEV ATTAITEITAI
1Blaitepn okpiBela. Av n PeyaAUTEPN OKPIBEI TWV OTIOTEAECUATWV E€ival TO
{nToluEvVO, TOTE Ba TIPETIEI VO €EQAPPOCTOUV KOATOCTOTIKOI, PN YPOMPUIKOL vouol
UVAIKQWV. Z€ OUTO TO TIAQICIO KupaAiIveTal N OEVTEPN KATNYOPIA TWV UAIKWV, TIOU
Ee@eLyel Ao Ta TIAAICIA TNG KAACIKNAC EANCTIKIG CUUTIEPIPOPAC KOl AKOAOUOEI

T0 KpIitnpio Bpavong Mohr- Coulomb.

5.2 MNewpetpia

To TIPWTO TIOU TIPETIEL VO OPICTEI GTO TIPOYPOUPA €ival n YEWMETpIa ToL
TIPOPRANUATOG. H yewEeETpia TIPETIEL va ETUAEYEL €101, WOTE va HPTTOPOLV va
UTTOAOYIOTOUV OAEG O1 TIIBOVEG PETAPBOAEG TIOU Ba TIPOKAAECEl N ekoka®gr]. TMa
TOV AOYO QUTO B0 TIPETIEI VO EKTEIVETAI OPKETA TIIO MPOKPIA aTIO authv. BéRaia,

T0 MEyEBOC TOL KavwvdPBou dev Ba TIPETEl va eival 10laiTepa PEYAANO, YIOTI
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eTPBapUVETAl ACKOTIO TO UTIOAOYIOTIKO KOOTOG TwV ULTIOAOYIoPwV. OTiote, Ba
TIPETIEL VA ETUAEYED TETOIOC KAVWWOPBOC TIOU VO UTIOAOYIZEl OAEC TIC TUOAVEC
METAPBOAEC, XWPIC OPWCG va Ee@eLyel TIOAD TIEPA ATIO AUTEC. XTO TTIAQICIO QUTO,
yld TO TIOPAdEIYUO TIOU ETIIAUBNKE KOl OTO OTIOI0 OPICTNKE N KATAOKEUN
KUKAIKAC onpayyag OIaPETPOL 12 HETPWV, ETIIAEYNKE OULUVOAIKOC KAVvaBOC e

dlaotaoelg 40x40x250 pETpa (BABOCKTTIAATOCXUNKOG EKOKAPNC).

O KAVVOP0C KATOOKEVAOTNKE 0 3 TUAMOTA. [MPpWTa KOTOOKEVLACTNKE TO TIAVWL
Oe€id TUNUO TOu KOvvAfou cULUUEWvVa PE TNV €VIOAN radcylinder 1ou €xel

evowpatwuévn 1o Flacd0 yia diakpitoTtoinon touv @opéa (BAETTE oxnua 5.1).

P5 PT

ZxNua 5.1 AlakpITOTIoiNaN KUKAIKNC Orpayyag Pe TNV Bondsia g EVIOANG
radcylinder pe 10 tpoypaupa Flac30.

To onueio pl €ival TO KEVIPO TNG ONPOAYYydC TIOL TIPOKEITAl va SIOVOIXTEL, EVW
TOo p6 €ival n TTAVW &€l ywvia Tou KAvvABou. ZTn CUVEXEID, KOTOOKeLAZETAl
TO TIOVW OPICTEPA TUNUO TOU KOAVVAPBOUL ¢ KABPETTING TOU TIPONYOUEVOU
OXNUOTOG KOl TEAIKA HE AVTIOTOIXO TPOTIO KATAOKELAZETAl KAl TO KATW HICO
TOU KavvdaBou. To TIPOypauPa avoAauBAvEL va evwoel TOLG KOPPBoug amo 1a 3
KOUMATIO TOU KOVVAPBOU Kol TEAIKA €XOUME €vav eviaio KAvvafo, 0 oTIoiog

aTtoteAeital amod 26.336 KoOufoud.
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O kdavvafog xwpilstal og d00 {WVeg, N HIA €ival TO KOPIO KOPUATE (UTTAE) Kal N
delTEPN €ival N onpayya TIoU TIPOKEITAl va dlaVOIXTEl (KOKKIVO). H yewpeTpia

TOU TIPORANUATOC ATIEIKOVI{eTal OTO oXNua 5.2.

FLACS3I) 2.00

Sittings: Model Perspective
13:54:08 Thu Dec 2 2004

Center Fetation:

«: 3.130e+00! x 0.000
1:9,373s+001 ,. 0.000
1: -2.0005+001 2: 30.000

Dist 1.803e+002 Mag.: 0.41
ina.: 22.300

Block Group
La, er_-
tunnel

Civil Engineering Department
Uni.ersit, of Thessaly

IxNua 5.2 ApxXIKA YEWUETPIO Tou @opéa (TIPIV TNV EKOKAQH).

5.3 ZuvoplakEG oLVONKEG KAl ETUIIAOYH TWV LAIKWV

To emopevo PBrpa TIoU yivetal €ival 0 KABOPIOUOG TWV GUVOPIOKWY CLVONKWV
TOL TTPOPANUOTOG. 'ETOl, deaueVOVTAl Ol METAKIVICEIC OTov Aéova Z yia Pabog
ico pe 40 pETPO KOl Ol METAKIVIOEIC OTOV A&ova X yia TIC OKPOAIEC TOU TIPEC
(X=20 ka1 X=-20). O1 teAevTaieC OeCPEVCEIC TIOL TIPETIEL VA €l0aXO0OUV OTOV
KWOIKA gival ol PETOKIVAOCEIC otov G&ova Y (KOTd MNKOG TNG eKoKagNnc). Etol
ylo Y=0 decueVOVTAl Ol HETOKIVIOEIC WC TIPOC Tov Agova Y, evw yia Y=250y.

deopevovtal OAeC TIC PeTaKIVIoElg (a&oveg X,Y,Z).

MAéov TO MPOVO TIOU OTIOMEVEL Yid va &EKIVAAOOUV Ol ETUIAVCEIC, €ival 0

KOBOPIOUOC TV ULAIKWY. OTtwg E&IMWOnNKe otV €loaywyn Tou  Ke@aAaiou,

AINMAQMATIKH EPTAZIA A. TZIPIFT'QTH, TMHMA TTOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAANIAZ



MAPAAEITMATA - EQAPMOTES 59
AIEPEYNHZH AMOKPIZHE SHPAITQN ME XPHEH TPIAIASTATHE APIOMHTIKHE ANAAYSHE
ETUAEXONKOV JIAQPOPA UVAIKA Xwployeva ge d00 KOTnyopieg, avAloyo HE TOV

KOTOOTATIKO VOUO TOV OTIOI0 AKOAOLBOUV.

5.3.1 YAIKA PE YPOPMIKI) EAACTIKI) CUUTIEPIPOPA

Mo Tov KOBOPIoHO TWV EAACTIKWV LAIKWV, OTOV KWOIKA Tou Flac3D |, apkei va
ONAwOOoLY pOvo BdV0 1I810TNTEC. AUTEC €ival 10 PETPO dloykwong (K) kal Tto
METPO dlatunong (G). O1 d00 AUTECG IBIOTNTEG TWV UAIKWV, OXETI(OVTaAl MPE TO
METPO eAaoTIKOTNTAC (E) Kou pe tOov ouvieAeotr) Poisson (v) pe tnv PonBeia

TWV OKOAOUBWV OXETEWV:

K E C E
3(1-2v) 2(1+v)
(5.1)
E_ 9KG 3K-2G
~3K+G V~ 23K + G)

Ol TTopaTtdvw OXECEIC EVOWMHOATWONKAV OTOV KWJAIKA TOU TIPOYPAPUOTOC, £TO0I
woTe Ta OedoPEvA TIOL EICAYOVTOl CTO TIPOYPOPUO va €ival ta E, v kal n
METATPOTIN OTa avrtiotoixa K, G va yiveral avtépata. 'ETCl, T0 TIPWTO UAIKO
TIOL €TIIAEXONKE €ival Evag OKANPOG PPaxog pe PETPO eAacTIKOTNTAC E=10GPa
Kal v=0.20. Zov €TTOPEVO ULAIKO ETTIAEXONKE Kal TIAAL Bpaxwdng oXNUOTIOUOC,
GAANO auTA TN @OPA XAMNANG avioxng. 'Etol, BewprOnke €da@oc pe PETPO
edaoTikOTNTag E=0.6GPa ka1 ouvieAeotry Poisson v=0,25. H 1tpitn «Kai
TEAELTAIO ETIIAOYN LAIKOU OTO TIAQICIO TNG €AACTIKOTNTOG £YIVE YIO VA KAAUWYEL
TIC TIEPITITWOEIC KATOOKELNG onpayyag oe €dA@IKOUC OXNUATIoMoLg. BéRaia,
og PeydAa BdBn, OTIwC OTO OUYKEKPIYEVO TTAPADEIYUO, OTIAVIO CUVOVTWVIAI
XOAOpPOi oxnuoTiopoi. 'ETol, cav TPITo LAIKO €TUAEXONKavV 1OI0TNTEC TIOL VA
ONAWVOLY EXAPIKO OXNUOATIOMO, OPWC OPKETA 1o0XLPO. AULTEC Eival ol €ENG:
E=0.1 GPa ka1 v=0.3.

AVEEAPTNTO OO TOV KOTOOTATIKO VOPO TIOU ETIRAAAETOl OTO TIPOYPOAUUA,
ATIOPAITNTO  yId TOV UTIOAOYICUO TOU €VIATIKOU Tiediov €ivalr Kal o
TIPOCJIOPICHOC TOoU €I1dIKoU PBdpoug Tou eddAgoug y. 'ETol yia OAa 10 LAIKA
Bewpndnke icog pe 25 KN/T3, €KTOC ATIO TO TPITO LAIKO TIOU QAVTITIPOCWTIEVEI

Ta aoBevéaTepa €dAPN Kal TO OTI0I0 BewprOnke ol €xel y=22 KN/mu3,
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5.3.2 YAIKQ pPE EAACTOTIAQCTIKI] CUMPTIEPIPOPA

MeTd amo 1o TPiO TIPWTA UAIKA, TO OTIOI0 ETUAEXONKOV yid va ETIAUBOUV
oUU@PWVA PE TOV EAACTIKO KOTOOTATIKO VOUO, OKOAOULBOUV d0U0 VEO ULAIKA, T
ottoia Ba akoAouBoUv TO Kpitplo Mohr-Coulomb. To Tpoypaupa yia va
TIPAYMOTOTIOINCEL TIC ETIIAVCEIC OTTAITEI dedOoPEVA TO HETPO dloyKwaong (K) kal
T0 PETPO dlAatuNoNng (G) OTIWC Kal aTNV EAACTIKOTNTOA, KOl ETITIAEOV TNV ywvia

TPIBNG TOL VAIKOU (@) KaBwg Kal TNV auvoxn autol (o).

'ETOl TO TIPWTO UAIKO €xel TIC €&n¢g 1010TNTe¢: E=600MPa, v=0.25, c=150KPa
Kal @=25°. Emeidr] autog o €3a@IKOC OXNUATIOPOC Eival OpPKETA 10XLPOG, W(
OelTEPN €TTIALON, ETUAEYETAl KATIOIOC O0OeVEOTEPOG. 'ETOl TO OEVTEPO UAIKO

EXEl TIC €ENC 1010TNTEC. E=300MPa, v=0.25, c=50KPa kai ¢=30°.

To €10IKO BApog Kal yio 1o dV0 LAIKA ETUIAEXOBNKE ico pe y=25 KN/m3,

5.4 ETuAVOoEIC

Emoépevo Priga eival ol €TUADCEIC TOU TIPOPRAAPATOC. APXIKA dnAvetal n
BapLINTa Kal 0 KWOAIKAC ETUAVETAl Wia @opd, yia va Ppedei To apXIKO eVTIATIKO
1edio. AQoU OAOKANPwWOel aut n TPWIN €TTiALCN, PNoevidovTal OAeC Ol
METOKIVIOEIC, E€TEIDN OewpnTIKA Eival oI PETOKIVIOEIC TIOU €XOuV NOn cuLUREi

o100 £da@o¢ eEaitiag ¢ Paputntac.

21NV TIPAEN oLVNBWC, N EKOKAEN MIAC onpayyag yivetal Kotd @Acel (BAETE
oxnua  5.3) kai  Ox1 armevBeiac. QOTO6CO, OTO  TAPADEIYHMA  TIOU

XPNOIYOTIOINONKE OTa TIAQICIO TG TITUXIOKNAG, Ol QACEIC EKOKA®NG TNG

onpayyac ayvonénkav.
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ZxAua 5.3 Ekokagr] onpayyag e 000 QACElg (TIAVW @lyoupa) KOl O€ TECOEPIC

(Katw @ryoLpq).

Emeidr] omwg e€ivar @uoiko, n onpayya odgv eivalr duvatd va dlaVOIXTEi
OAOKANPN (KAtd MPNAKOG), Kol PE OKOTIO TNV OCO TIO TIOTH TIPOCEYYION TNG
TIPAYUOTIKOTNTOC OTO TIPOYypPOPUd, E€ival avaykn vo oOploteil eva  Brua
EKOKO@NG TIOL VO TIpooeyyidel OKPIBWC TNV  OTadIloKI EKOKAQ  MIOG
TIPAYHATIKNG dlAvoiEnG. To PBrpa Aoitov, NG eKoKa@ng opidetal ota 2 PETPO.
Emtopévwg, a@aipolvial apXIKa Ta o000 TIPWTIA METPA  KATA MNAKOG TNG
onpayyoag Kal ¢nTtatal armo 10 TIPOypappa va EavoALoel 1O TIPORANUA. Xinv
OULVEXEID a@aipolvTtal Ta dU0 ETTIOPEVA HETIPA KAl TO TIPORBANUO EavaAUvetal

Kal oUTw KaB' €€ng €wg O0tTov a@aipeboLy Kal ta 250 PETpa NG onpayyaog.

‘OAeg o0l TOPATIAVW ETUAVCEIC €ylvav  PE  €va  vTtoAoyiotr)  POniivmu I
(1000GHz). lNa TNV OAOKANPwWON Tng €TALONG KABE €vOC ATIO TA ULAIKA NG
TIPWTING KOTNYOPIiag, 0 UTIOAOYIOTNC XPEIAOTNKE TIEPITIOU SUO EIKOCITETPAWPA,
EVW YIO KABE &va aTtOd T ULVAIKA TG OeUTEPNC KOATNyopiag, XPEIACTNKE Aiyo

TIEPIOCOTEPO XPOVO (2.5 NUEPEG TTEPITIOL).
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FLAC3|) 2.00 Job Title: 10m

Step 13660 Model Perspective
16:36:-34 Sat Dec 4 3004

Center: Fetation:

¥ 4.93e+00I . 0.000

,: 1.D'Oe+003 i; 0.000

1: -3.000e+00I 3: 30.000

Disc 1.3035+003 Mag.: 0.41
-ng.: 33.300

Block Group

La.erd

Btunnel

Civil Engineering Ceparment
University of Thessaly

ZxApa 5.5 TewpeTpia TOU OPED TNV XPOVIKI OTIyUr] TIOL €XEl TIPAYUATOTIOINOEI

ekokagr] 10 pEtpwv.

5.5 ATTOTEAEOUATA ETUAVCEWV

2TOUC TIOPOKATW TUVOKEC @Aivovial Ta KUPIOTEPA OTIOTEAECHUOTA  TIOU
TIPOKUTITOLV QATIO TIC TIOPOTIAVW ETUAUCEIC. 2TOV Trivaka 5.1 @aivetal n
MEYIOTN OUYKAION TIOU TIOPOATNPEITAl 0 KABE €va UAIKO TNV OTIyPr TIOU €XEl

TIPAYUATOTIOINOEI N eKOKa®Er Twv 100 PETPLV.

YAIKA PE YPOUHIKI] EAOOCTIKNA YAIKA Y€ EAAOTOTIAQCTIKI)
OLUTIEPIPOPA OULUTIEPIPOPA
YAIKO

E=0,6GPa E=0,3GPa

E=10GPa E=0,6GPa E=0,1GPa V=0,25 V=0,25
V=0,20 V=0,25 Vv=0,30 C=150KPa C=50KPa

d=25° ®=30°

Meylom 0,04 0,76 4,76 0,74 3,24

oUyKAlon (cm)

Mivakag 5.1 MéEylotn oUYKAION OAWV TWV UAIKWV.

AINAQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA TOAITIKON MHXANIKQN MANEMNIZTHMIOY OEXZAAIAZ



MAPAAEITMATA - EGPAPMOTEX 63
AIEPEYNHZH AMOKPIZHX HPAITQN ME XPHZH TPIAIAZTATHX APIOMHTIKHX ANAAYZHZ

Ztoug Ttivakeg 5.2-5.6 @aivovtal n oUYKAION TOU HETWTIOU WG TTOCOCTO TNG
MEYIOTNG OUYKAIONG, TOU KABe onueiov NG €KOKAEPNG Xwplotd (TTAAyla

TOIXWHOTA, 0POPH Kal OATIEDO EKOKAPNG).

Mivakag 5.2 Z0yKAIONG TOU PETWTIOU TNG EKOKAPNC WG TTOCOOTO NG MEYIOTNG
OUYKAIONG.  YAIKO  PE  YPOMMIKN)  EAACTIKI|  GUMTIEPIPOPA.
E=10GPa, v=0.20.

Mivakag 5.3 ZOyKAIONG TOU MPETWTIOU TNG EKOKAPNG WC TTOCOOTO TNG MEYIOTNG
OUYKAIONG.  YAIKO  PE  YPOMMIKI]  €AOCTIKI]  GUMTIEPIPOPA.
E=0,6GPa, v=0.25.

AINMAQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA NOAITIKQON MHXANIKQN MANEMIZTHMIOY OEZ>XAAIAZ



MAPAAEITMATA - EPAPMOIEX 64
AIEPEYNHZXH AMOKPIZHZ *HPAITQN ME XPHXH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHX

'3
m B
!
IHINIM>»iHtgiMTOpppply 1380 1,380 2,480 4470
1l 0,402 0,402 0,731 1,560

! [ IR NS
29,1 29,1 29,5 34,9

Mivakag 5.4 Z0OyKAIONG TOU PETWTIOU NG EKOKOAEPNCG W TIOCOOTO NG HEYIoTNG
OUYKAIoONG.  YAIKO HE  YPOUMIKA]  EAOCTIKA]  GUMTIEPLPOPA.
E=0,1GPa, v=0.30.

Mivakag 5.5 ZU0OyKAIONG TOU PETWTIOL NG EKOKAPNC WG TIOCOOTO TG HEYIOTNG
OUYKAIoONG. YAIKO e EAOCTOTIAOCTIKA] cupTIEPIQOopd. E=0,6GPa,
v=0.25, c=150KPa, ¢@=25°.

AINANQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MNANEMNIZTHMIOY OEXZ>AAIAZ



MAPAAEITMATA - EPAPMOIEX
AIEPEYNHZH AMOKPIZHX HPAITQN ME XPHZH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHX

8i
§' il i ft iFFIIN
| 1s
1,420 go - 285 1,930
SSs g
- S _\sis
a _sy
v 0,247 0,247 0,581 0,645
=1 = v
17,4 ‘ 17,4 20,4 33,4

| NS

65

Mivakag 5.6 ZOYKAIONG TOU MPETWTIOU TNG EKOKAQPNG w¢ TT0O00O0TO TNG MEyiotng

OUYKAIoNG. YAIKO pE EAQCTOTIAQGCTIKA] CLUMTIEPIYOPA. E=0,3GPa,

v=0.25, c=50KPa, ¢=30°.

AVOAUTIKOTEPO TA  OATIOTEAECHOTA  TWV  ETAVCEWV  TTapouacialovtal

Ttapaptmuata B kai T.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA NOAITIKON MHXANIKQN MANEMIZTHMIOY OEZ>XAAIAZ

ota



KE®AAAIO

Juurepdopota



6. 2YMIMNEPAZMATA

2TV Ttapoloa €Pyacia OTOIXEIODETEITAl KAl ETUAVETAL €va YEVIKO TIPOPBANUA
KOTOOKEUNCG ONPAYYwWV Yyia OSIO@OPETIKA ULAIKA HE OIOQOPETIKI] CUMTIEPIPOPA.
APXIKA, TO TIPOPRANUA ETUIAVETAI PE TIPOOCEYYIOTIKEC PEBODOULC LTIOAOYIOUOU LE
Vv Ponbsia &vog @UANOU excel 1o oOToio oTnpidetal OTIC OXECEI TIOUL
TIEPIYPAPOVTAlL OVOAUTIKA OTO KEQPAAAIO dVO (YIO UAIKA HPE YPOAMMIKI EAACTIKN
CULJTIEPIPOPA) Kal Tpia (Yo ULAIKA HE EAONCTOTIAQOCTIKI] CULMTIEPIQPOPA). H

TIPOCEYYIoN auTr] oTnpPifeTal g KATIOIEG TTAPADOXEC.

2T OULVEXEID TO (010 TIPOPRANUA ETUAVETOl PE OPIOUNTIKEG MEBOdOLE. ZT0
TIAQICIO OUTO XPNOIYOTIOINONKE TO TIPOYPOUHOA TIETIEPACHEVWVY  JlAPOPWV
Flac30. O ETUAUCEIC QUTEG Eival  TIEPIOOOTEPOAKPIPG. Qotdco, 1
peBOdOAOYIO  TIPOOCEYYIONG TIOU  ETUAEXONKE yla TNV TIPOCOoHoiwacn TNgG
EKOKO@NIC O&V OVIATIOKPIVETAl OTIC TIPAYHOTIKEG oLvVONkeC. ‘Etol n ekokaen
yiveTal og JIa @Aacrn, Bewpeital va POVO UAIKO yUpw ATIO TNV EKOKA@I HE TNV

idla cuuTEPIPOPA 0 OAO T CnpEia Tov.

2 TIC TIPOOEYYIOTIKEG pEBOdOLC TTapatnpouvtal ta €&Ng:

e T0 T UVAIKA HE YPOMMIKR EAOCTIKI] CULUTIEPIPOPA 1OXVEL OTl 000 TO
METPO  EAACTIKOTNTOG TOL &€0A@OUG OUEAVELTOCO N OUYKAIONTNG
OrPAYyYyaC MEIVETAL KOl 000 TO €I0IKO BAPOC Tou ALEAVEI TOCO AUEAVEL
Kal N oOyKAION QUTHAG.

e H TIAOOTIKA TIEPIOXN] YUPW OTIO TNV €KOKOAE@I MHEYOAWVEL OCO Ol
1I010TNTEG TOU €3APOLC “XEIPOTEPELOLV”,

e 'Oco 1O 00BevéEQ €ival To €30@OC TOCO MHEYAAUTEPN EOWTEPIKN TiEDN
TIPETIEl VO OOKNOei oTnv onpayya yia va pnv TTAAcTIKOTIomn0ei n {wvn

yUpw artod autnv.

AINMAQMATIKH EPTAZIA A. TZ1PIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEX>AANIAZ



i?&héggﬁﬁzzﬁgéowlmz SHPAITQN ME XPHEZH TPIAIASTATHE APIOMHTIKHE ANAAYSHS 68
2TIC apIBUNTIKEG pEBODOLC TTapaTnpolvTal Ta €&NG:
e To O&fl0 KOl TO OPIOTEPO TOIXWHO €Xouv TNV idla COUYKAION AOyw
CUMMETPIOG TOU TIPORANHATOC.
e H péyiotn oUyKAION TNg onpayyacg Ttapatnpeital oto dAmedo auTtnc.
e H peéyiotn oUyKAION NG ONpayyog TIPOYUOTOTIOIEITOl Of KOTA MINKOC
attdéoTaCN TIEPITIOVL i0N PE 2 QOPEC TNV OKTIiVa TNC.
e O AOyog NG OUYKAIONG TOU METWTIOU NG EKOKAPNC TIPOG TN MEYIOTN
oUykKAloN autig eival Tepittov icog pe 0,3. O MPEYOAUTEPOG AOYO(
TIapatnpEeital yia 1o dAarmedo ¢ EKOKAQNCG Kal gival kovta oto 0,35 yia

OAO TO LAIKA.

AINANQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZ>XAAIAZ



NMAPAPTHMA

ATIOTEAEOUOTA PE TN BoNBeIa AVOAUTIKWV OXECEWV
(Tpoypappa excel)



NMAPAPTHMA A

Z& aUTO TO TAPAPTNUO PBpiokovial o PoPEr JIOYPOUPATWY Ta OTIOTEAECHOTA
TWV ETIIAUCEWV PE TNV PBONBEIA TWV OVOAUTIKWV OXECEWV TIOU TIEPIYPAPOVTAL
oTa KE@AAOIO dUO Kal Tpia. ZTa TTAAICIO auTd, dNUIOLPYNONKE &va TIPOYPAUU
excel ,To0 oTtoio LTIOAOYIdEl TO EVIATIKO KOl KIVNUOTIKO TteEdio yUpw amo pia
OVUTIOOTHNPIKTIN  ONpayya  KUKAIKAG  dlatopng. Ta  Tapadsiypota  TIou

EPAPUOCTNKAV Eival aUTA TIOU TIEPIYPAPOVIAl GTO 5° KE@AAAIO.

APXIKA TIOPATIOEVTOlI TO UAIKA TIOU €TUALONKAV HE TTOPAdOXN] TOU €AACTIKOU
KOTOOTOTIKOU VOPOoU. ATIO TIC oxeoelg 2.11 TIPOKUTITEL OTI POVO N OpXIKN
EVIOTIKI] kataotaon p0, emnpedadel TI¢ TAoelg of kal of ETopévwg yia Ta 300
TIPWTO UVAIKA TIOL €Xouv To idlo y (=25 KN/m3), 1ox0el 10 idl0 dlAypaupd, EVW

YO TO TPITO UAIKO pe y=22 KN/m3, 1oX0el SIa@OPETIKO dIAYPAPUa.

‘Eda@og pe y=25 KN/INA3

10 20 30 40 50 60

amnootacn amnod kKEVTIpo orpayyag (m)

Ixnua A-1 Katavopr TACEwV CUVOPTACEL TNG OTTOCTACNG OTIO TO KEVIPO TNG

onpayyag.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEX>AAIAZ



MAPAPTHMA A 71
AIEPEYNHZH AMOKPISHE SHPATTQN ME XPHEH TPIAIASTATHE APIOMHTIKHE ANAAYZHE

'Eda@og pe y=22 KN/mA3

700

ZxAua A-2  Katavopr TACEWV CUVOPTHOEl TNG OTOoTaoNG a0 T0 KEVIPO TNG

onpayyog.

ZINV TIEPITITWON TIOU ETUAVETAL TIPOPRANUA pE Bewpnon EAACTOTIAACTIKWV
VAIKWV, 1o0X00OUV 0Ol OXECEIC TIOLU OAVO@EEPOVTAlL OTO KEPAAalo 3. Ta

OTIOTEAECUOTA, ETIOPEVWCG, CUUPWVA PE TO TIPOYPAUMa excel €xouv wg €ENC:

Zxnua A-3 Kartovopr] TACEWV CULVOPTNAOCElN TNG OTTO0TAOCNG OTIO TO KEVIPO NG

onpayyog.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANENIZTHMIOY OEZZAAIAZ



NMAPAPTHMA A 72
AIEPEYNHZH AMNOKPIZHXZ >HPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHXZ ANAAYZHZ

‘Edagoc pe E=300 MPa, v=0,25, c=50, ¢=30

Zxnua A-4 Katovoury TACEwV CLVAPTNCElL TNG ATIOCTACNG OTIO TO KEVIPO TNG

onpayyag.

OTwg @aivetal Kal armo 1o TTopartavew dlaypAPuoTa, 000 TIO 10XUPO €ival 1o

UVAIKO, TOOCO UIKPOTEPN €ival N TIAOCTIKY TIEPIOXD.

Mapokdtw @aivovial kol ta dlaypapuata cUyKAIoNG, TIOU UTtoAoyidovtal aTto
TOo idl0 TpOypaupa oto excel. Mo Ta UVAIKA PE  YPOUUIK]  €AAOCTIKN

CULUTIEPIPOPA 1OXVEL:

E=10GPa, v=0,20

Zxnua A-5 Aldypappa cOYKAIONG.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEX>AANIAZ



MAPAPTHMA A
AIEPEYNHZH AMNOKPIZHZ ZHPAITQON ME XPHXH TPIAIAZTATHZ APIOMHTIKHX ANAAYZHZ

ZxAua A-6 Aidypaupa gOykKAlonc.

E=0,IGPa, v=0,30

Ixnua A-7 Aldypapua oUyKAIoNG.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMNIZTHMIOY ©OEZ>XAAIAZ

73



MAPAPTHMA A 74
AIEPEYNHZH AMOKPIZHE SHPAITQN ME XPHZH TPIAIASTATHE APIOMHTIKHE ANAAYZHS

ATIO Ta Tpia TTApATIAVLW dlaypPAPMATA, TIPOKUTITEL OTI OCO TIIO 10XLPO Eival eva

UAIKO, TOOO MIKPOTEPN OUYKAION Ba TtapatnpnOeEi.

MNa Ta VAIKA PE EAQCTOTIAQCTIKI] CUMTIEPIPOPA TIPOKUTITOLV Ta €ENC:

Zxnua A-8 Alaypapua cUOyKAIoNG.

Zxnua A-9 Aldypaupa cUYKAIONG.

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MNOAITIKQN MHXANIKQN MANENIZTHMIOY OEZ>AAIAZ



MAPAPTHMA A 75
AIEPEYNHZH AMOKPIZHE SHPAITON ME XPHZH TPIAIAZTATHE APIOMHTIKHE ANAAYZHE

ATIO Ta JU0 TIOPATIAVW dIOYyPAMPOTA TIPOKUTITEL OTl 000 TIIO OCBgvEQ gival To
€00@O0¢g, TOOO TIIO MEYAAN TUiEON TIPETIEI VO OOKNOEl ECWIEPIKA OTNV arpayya

YO VO Unv TIAQCTIKOTIOINOEi.

AINANQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAAIAZ



NMAPAPTHMA

ATtoteAéopata tou Tpoypdppatog Flac3D



MAPAPTHMA B

77

AIEPEYNHZH AMOKPIZHX XHPAITQN ME XPHXZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHX

MANEMNIZTHMIO
OEZ>ANIAY

FL.AC31) 2. 00

Step 115543 Model Perspective
19:34:53 Sat Dec 4 20-34

Potation:
<:5.4S5e+001 = 0.000
v: 1.110e+002 .o 0.0
|: -2.000S+001 Z: 30.000
Dist: 1.803e+002 Mag.: 0.323
-ng.: 22.500
Block Group
Layer_i
Btunnel
etch
Linestvle —

Civil Engineering Deparment
University of Thessal.

FL.AC31) 2. 00

Step 115543 Model Perspective
19:35:29 Sat Dec 4 2004

Center: Potation;
t. 5.455e+001 A
. 1.110e+002 0.000

Z:-2.000e+001 Z: 30.000
Dist: 1.303e+002 Mag.: 0.323
+ng.: 22.500

Block Group
Layer_i
tunnel

Sketch

Linestyle —

Contour of SZZ

Gradient Calculation
-9.91'4e+002 to -3.0000e+002
-3.0000e+002 to -:.0000e+002
H -T.0000e+002 to -0.0000e+002
-6.0000e+002 to -5.0000e+002
-5.0000e+002 to -4.0000e+002
-4.0000e+002 to -3.0000e+002
-3.0000e+002 to -2.0000e+002
-2.0000e+002 to -1.0000e+002
-1.0000e+002 to 0.0000e+000
] 0.0000e+000 to 4.5977e+001

Interval = 1.0e+002

Civil Engineering Deparment
University of Thessaly

YAIKO pe E=10GPa, v=0,20 (M€ YPOUUIKI] EAOCTIKA) OUUTIEPIPOPT).
Ekokagr ota 100m. MewpeTpia Kal KATAOKOPLPEC KOPIEC TATEIG

ATIOTEAECUOTA TOUL

TIPOYPAUHOTOG
Flac3D

avticTtolxa.

TuAua: TNOMTIKWVY PUNXOVIKWV
Topeag: YTIOAOYIOTIKNG MEWTEXVIKNG
MnXQVIKNG

Zxnuata
B1-B2

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMNIZTHMIOY OEXZAAIAZ



MAPAPTHMA B

AIEPEYNHZH AMNOKPIZHZ ZHPAITQN ME XPHZH TPIAIAXTATHZ APIOMHTIKHZ ANAAYXHZ

MANENIZTHMIO
OEZZANIAZ

FLA.C3D 2.00

Step 115543 Model Perspective
19:36:29 Sat Dec 4 2004

Potation:

0.000
2: 30.000
Mag.: 0.323
Ang.: 22.300

3.463s+00I

1.110e+002
Z: -2.0005+001
Dist 1.8035+002

Block Group

Layer,*
tunnel

Sketch

Linest.le

Contour of Displacement Mag.
0.0000e+000 to  3.00005-005
5.0000+005 to 1.0000+004

S 1.0000+004 to 1.5000+004
1.5000+004 to 2.0000+004
2.0000+004 to 2.5000+004
2.5000+004 to 3.0000+004
3.0000+004 to 3.5000+004
3.5000+004 to 4.0000+004

I 4.0000+004 to 4.3552+004

Interval = 3.0e-005

Civil Engineering Ceparment
University otThessaly

ATIOTEAECUATO TOUL

TIPOYPAPHOTOG
Flac3D

Tunua: NOAITIKWVY PNXOVIKWY
Topéag: YTIOAOYIOTIKNG MEWTEXVIKNAG

MnXavikng

YAIKO pe E=10GPa, v=0,20 (Ue YPOUMIKA EAQCTIKI] CUUTIEPIPOPD).
Ekokagr] ota 100m. JuykAiceIg KOl SIAVUCUO PETOKIVI|OEWY

avtiotoixa.

Zxnuata
B3-B4

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA TOAITIKQN MHXANIKQN MANEMIZTHMIOY OEX>AANAIAZ

78



NMAPAPTHMA B

79

AIEPEYNHZH ANOKPIZHZ HPAITQN ME XPHZH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHZ

MANEMNIZTHMIO
OEZ>ANIAZ

FLAC3I) 2.00

| Step 124591 Model Perspective
18:55:20 Sat Dec 4 2004

Center:
1: 3.580e+001

(-3 Ba684661

| Dist: 1.8036+002

Block Group

La,er_i
Qzunnel
etch

Linestyle

FLACM) 2.00

Step 124591 Model Perspective
19:20:5" Sat Dec 4 2004

Center: Potation:

-1 4.937e+001 < 0.000

r: 1.0*06+002 ,- 0.000

1:-2.0006+00! I: 30.000

Dist 1.3036+002 Mag.: 041
Ang.: 22.500

Block Group

La,er_i

gtunnel
ntour of SZZ

Gradient Calculation
-9."1906+002 to -8.00006+002
-3.00006+002 to -7.00006+002

a-7.00006+002 to -6.00006+002
-5.00006+002 to -5.00006+002
-5.00006+002 to -4.00006+002
-4.00006+002 to -3.00006+002
-3.00006+002 to -2.00006+002
-2.00006+002 to-1.00006+002
-1.00006+002 to 0.00006+000
i 0.00006+000 to 5.10156+001
Inter-al = 1.0e+002

Civil Engineering Deparment
University of Thessaly

YAkO pe E=0,6GPa, v=0,25 (UE YPAPMIKI) EAACTIKI] CUUTIEPIPOPA).
Ekokaeny ota 100m. MewpeTpia Kal KATtakopuEeG KOUPIEC TACEIG

ATIOTEAECUOTA TOU

TIPOYPAUHATOG
Flac3D

avtioTtolxa.

TuAua: TMOAITIKWY PNXAVIKWY
Top€ag: YTIOAOYIOTIKNG MEWTEXVIKNG
MnxXavIKnG

Zxnuota
B5-B6

AINANQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA NOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAAIAY



MNAPAPTHMAB 80
AIEPEYNHZH AMOKPIZHE THPAITQN ME XPHEH TPIAIAZTATHE APIOMHTIKHE ANAAYZHE

AANEMISTHMIO Anors)\éc'matcx TOU 'ijr'].pa: I‘Io}\lrle)v'pr]xade)v ’
OESSANIAS TIPOYPAPHOTOG Topégac: Ynvoylcrquc EWTEXVIKNAG
Flac3D Mnxavikng
YAIkO pe E=0,6GPa, v=0,25 (Ue YPOUMIKA EAQCTIKI] GUUTIEPIPOPT). Zxnuota
Ekoka@r] ota 100m. ZuykAioeIg Kal SIAVUCHO PETOKIVIOEWY
avtioTolxa. B7-B8

AINANQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEZ>AAIAZ



NMAPAPTHMA B

AIEPEYNHZH AMNOKPIZHX ZHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHX

MANENIZTHMIO
OEZ>ANIAY

FL.ACSI) 2.00

Step 124591 Model Perspective
13:55:20 Sat Dec 4 2004

Center: Potation:
<: 3.680e+001 . 0.000
.o 1,038e+002 v: 0.000

Z: -2.0006+001 Z: 30.000
DiSt 1.303e+002 Mag.: 0.512
ing.: 22.500

I Block Group
-1 VO

tunnel

| Sketch
Unestyle

FL.AC3I= 2.00

Step 124591 Model Perspective
19:20:57 Sat Dec 4 2004

Center: Potation:
«: 4.9378+001 0.000
,: 1.OTOe+00: ,. 0.000
1: -I000s+00I I: 30.000
DiSt 1.3038+002 Mag.: 041
-ng.: 22.500

Block Group

Layer_i

tunnel

g’ltour of Szz

Gradient Calculation
-9.7190e+002 to -3.0000e+002
-3.0000e+002 to -”.0000e+002

9V .00008+002 to -6.0000e+002
-6.00008+002 to -5.00008+002
-5.00008+002 to -4.00008+002
-4.00008+002 to -3.00008+002
-3.00008+002 to -2.00008+002
-2.00008+002 to -1.00008+002
-1.00008+002 to 0.00008+000
0.00008+000 to 5.10168+001
Interval = 1.0e+002

Civil Engineering Deparment
University of Thessaly

YAIKO pe E=0,1GPa, v=0,30 (Ue YPOUMIKI] EAQCTIKI] GUUTIEPIPOPA).

ATIOTEAECOATA TOU

TIPOYPAUHOTOG
Flac3D

Job Title: tOOm

81

TuAua: TOMTIKQV PNXAVIKWVY
Toueag: YTIOAOYIOTIKNG MEWTEXVIKNG
MnXavIKnG

Zxnuota

Ekokagr] ota 100m. MewpeTpia Kal KATaKOPLUEEC KUPIEC TACEIG

avtioTolxa.

B9-B10

AINANQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEXZAANIAZ



MAPAPTHMA B 82
AIEPEYNHXH AMOKPIZHX ZHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHZ

ATIOTEAECPOATO TOU Tunua: MNOAITIKWY INXOVIKWY
TIPOYPAUUATOC Topgag: YTIOAOYIOTIKNG MEWTEXVIKNG
Flac3D MNXavIKAG

MANEMIZTHMIO
OEZ>ANIAZ

JTL-AC 31> 2.00 Job Title: 100m

Step 123043 Model Perspective
20:00:31 SatDec 4 2004

Potation:
3.395e+00I 0.000
'.321e+001 -+ 0.000
-2.0005+001 Z: 30.000
Dist 1.3035+002 Mag.: 0.64
ing.: 22.500

Block Group
Layer_i
tunnel

Sketch

Linestvle —

Displacement
Ma-imum = 4756+002
IR =T Y] ————
Outside only

Contour of Displacement Mag.
0.0000e+000 to 5.0000e-003
5.0000e-003 to  1.0000+002

a 1.0000e-002 to 1,5000e-002
1,3000e-002 to 2.0000+002
2.0000+002 to 2.5000+002
2.5000+002 to 3.0000+002
3.0000+002 to 3.5000+002

__ 3.5000+002to 4.0000+002

Q 4.0000+002 to 4.5000+002

Civil Engineering Deparment

Univ of Thessal

FL AC3I> 2. 00 Job Title: 100m

Step 125043 Model Perspective
19:53:24 Sat Dec 4 2004

enter: Potation;:
3.395e+0Q1 A
7.321e+00! 0000
Z:-2.000e+001 Z: 90.000
Dist 1.303e+002 Mag.: 1
-ng.: 22.500

Block Group

La.er i
Btunnel
etch
Linestyle — ------ee-meremeeme

Displacement
Ma-imum= 4756+002
Linest/le  ----emeeeeeneeeee
Outside only

Civil Engineering Deparment
University of Thessaly

YAIKO pe E=0,1GPa, v=0,30 (Y€ YPOMMIKI] EAACTIKI] OCLUTIEPIPOPA). Zxnuota
Ekokagr] ota 100m. ZuykAioelg Kol Slavuoua PJETAKIVTEWVY

avtioToIxa. B11-B12

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEXZAANIAZ



NMAPAPTHMA B

AIEPEYNHZH AMNOKPIZHX XHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHX

MANEMIZETHMIO
OEZ>XANIAZ

ITL-A€r31= 2.00

| Step 124591 Model Perspective
13:55:20 Sat Dec 4 20-04

Center:
«: 3.630e+001
,: 1.038e+002
1: -2.000e+001
| Dist 1.803e+002

Block Group

Layer a
Rlunnel
ketch

Unest/ls

rLi(31) 2.00

Step 114231 Model Perspective
20:0':23 SatDec 4 2004

Center: Potation:
*: 4.8080+00lI <. 0.000
i: 1.043e+002 . 0.000
1: -2.0000+001 Z: 30.000
Dist: 1.8030+002 Mag.: 041
-ng.: 22.500

Block Group

Laysr_A

tunnel

Coutour of SZZ

Gradient Calculation

= -9.399~e+002 to -3.0000e+002

= -8.0000€+002 to -T.0000e+002

mm -".0000e+002 to -0.00Q0e+002
-5.0000e+002 to -5.0000e+002
-5.0000e+002 to -4.0000e+002
-4.0000e+002 to -3.00000+002
-3.00000+002 to -2.00000+002
-2.00000+002 to -1.00000+002
-1.00000+002to 0.00000+000
0.00000+000to 5.30330+001

Rterval = 1.Qe+002

Civil Engineering Deparment
Unive ofThessal,

YAKO pe E=0,6GPa, v=0,25, c=150KPa, =25°

ATIOTEAECUATA TOL

TIPOYPAUHOTOG
Flac3D

83

Tunua: MOAITIKWY PNXAVIKWV
Topeag: YTIOAOYIOTIKNG MEWTEXVIKNG
MnXQvIKNG

Zxnuota

(Ue EAACTIKOTIAOOTIKA] CLUTIEPIPOPA). EKokaen ota 100m.

MewueTpia KOl KOTOKOPUPEC KUPIEG TACEIC AVTIOTOIXA.

B13-B14

AINAQMATIKH EPTAZIA A. TZIPIF'QTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEXZANIAY



NMAPAPTHMA B

AIEPEYNHZH AMNOKPIZHX XHPAITQN ME XPHXH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

MANEMIZETHMIO
OEZZANIAZ

FLACS3I) 2.00

Step 114231 Model Perspective
20:10:36 SatDec 4 2004

Potation:
4.308e+001 A
1.0435+002 0000
I: -2.000e+001 Z: 30.000
Dist 1.803e+002 Mag.: 041
Ang.: 22.500
Block Group
Layer_i

0.0000e+000 to 5.0000e-004
5.99908-094to0 1.0000e-003
1.0000e-003 to 1.5000e-003
1.5000B-003 to 2.0000e-003
2.0000e-003 to 2.50008-003
2.5000e-003 to 3.0000e-003
3.0000e-003 to 3.50008-003
3.5000e-003 to 4.0000e-003
4.0000e-003 to 4.50008-903
4.5000e-003 to 5.0000e-003
3.0000e-003 to 3.3000e-003
3.3009e-003 to 6.0000e-003
5.00008-003 to 5.30008-003
5.5000e-003 to 7.00008-003
mm (00008-003to 7.41558-003
Interval = 5.08-004

Htunnel

ntour of Displacement Mag.
-

-

-

-

Civil Engineering Deparment
University of Thessaly

FLAC3I> 2.00

Step 114281 llodel Perspective
20:11:2" Sat Dec 4 2004

Center:
+:4.808e+001
>: T.T37e+001
1: -2.000e+00t

Dist 1.803e+002

Fetation:
0.000
0.000

2: 90.000

Mag.: 0.3
ing.: 22.500

Block Group
La, er_t
tunnel

BA)lacement

Maimum= "
Linest/le
Outside ont.

Sketch

Unest.le

Civil Engineering Deparment

Liniversit*om

ATIOTEAECUATA TOUL

TIPOYPAPHOTOG
Flac3D

Tunua: MOAITIKWY PNXAVIKWY
Top€ag: YTIOAOYIOTIKNG MEWTEXVIKNG

MnXavIKnG

YAIKO pe E=0,6GPa, v=0,25, c=150KPa, @=25°
(UE EAQCTIKOTIAACTIKI) GUUTIEPIQYOPA) EKokapr ota 100m.
JUYKAIOEIG KOl JIAVLOHA PETAKIVI|OEWV OVTIOTOIXA.

Zxnuata
B15-B16

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEZ>AAIAZ
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AIEPEYNHZH AMNOKPIZHX HPAITQN ME XPHXH TPIAIAXTATHZ APIOMHTIKHZ ANAAY>ZHX

ATIOTEAECATA TOUL Tunua: MOAITIKWVY PNXaviKwv
TIPOYPOAPHOTOG Top€ag: YTIOAOYIOTIKNG MEWTEXVIKNG
Flac3D MnNXaVIKNG

MANEMIZETHMIO
OEZ>XANIAZ

F'L-AC'SI) 2.00 Job Title: 100m

St*p 124591 Model Perspecttve
18:55:20 SatDec 4 2004

Center: Potation:

*: 3.630e+001 < 0.000
1.0386+002 ,. 0.000
Z: -2.0005+001 Z: 30.000
DiSt 1.3035+002 Mag.: 0.512

Ang.: 22.500

Block Group
La, er A
Bl(unnel
etch

Linestyls

FLACS3I) 2.00

Step 137063 Model Perspective
21:55:46 Sat Dec 4 2004

Center: Potation:

* 6.171 e+00! x. 0.000
1.9255+002 1 0.000
Z: -Z.000e+00! Z: 30.000
Dist 1.3935+002 Mag.: 041

ing.: 22.500

Block Group

La er A
tunnel

Contour of SZZ
Gradient Calculation
-9.53298+002 to -3.'’»90e+Q'32
-8.00005+002 to -7.00005+002
O-IA90005+092 to -3.00005+092
-5.00008+092 to -5.90008+902
-0.0000e+092 to -4.09005+002
-4.00005+002 t0 -3.99095+002
-3.90905+002 to -2.00905+002
-2.90005+002 to -1.00095+002
-1.90905+002 to 0.09005+000
3 0.09095+000to 9.33795+001
Interval = 1.08+002

Civil Engineering Deparment
University of Thessaly

YAkO pe E=0,3GPa, v=0,25, c=50KPa, cp=30° Zxnuota
(Ve EAACTIKOTIAOCTIKY CLUTIEPIPOPE). EKoKagr ota 100m.

. . . . . B17-B18
MewPETPIO KOl KATOKOPLPEG KUPIEG TAOEIG aVTIOTOIXA.

AINANQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MNOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAAIAX
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ATIOTEAECUOATA TOU TuAua: TIOAITIKGV PNXOVIKWY
TIPOYPAPMPATOC Top€ag: YTIOAOYIOTIKNG MEWTEXVIKNG
Flac3D MnXaviKng

MANENIZTHMIO
OEX>ANIAZ

FLAC 31> 2.00

Step 137063 Model Perspective
21:57:38 Sat Dec 4 2004

Center: Potation:

<: B.171e+001 < 0.000

v: 1.025e+002 .:0.000

Z: -2.000e+001 Z: 30.000

Diet 1.803e+002 Mag.: 041
Ang.: 22.500

Block Group
Layer_i
tunnel

Contour of Displacement Mag.
== 0.0000e+000to 2.5000e-003
== 2.5000e-003 to 5.0000e-003
B S.00Q0e-003to 7.5000e-003
7.5000e-003 to  1.0000e-002
1.0000e-002 to  1,2500e-002
1.2500e-002 to  1.5000—002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002 to 2.2500e-002
2.2500e-002 to 2.5000e-002
2.5000e-002 to 2.7500e-002
2.7500e-002 to 3.0000e-002
1 3.0000e-002 to 3.2443e-002
Interval = 2.5e-003

Civil Engineering Deparment
University of Thessaly

FFAC 3|) 2.00 1 Job Title: 100m

Step 137063 Model Perspective
21:59:19 SatDec 4 2004

Potation:
-1 6.171e+001 A
.1 8.712e+001 0000
Z:-2.000e+001 I: 90.000
Dist 1.S03e+002 Mag.: 1.25
Ang.: 22.500
Block Group
Layer_-

IHtunnel
idplacement

Maimum = 3.244e-002

Linestyle — --------mmmmmmeeee
Outside only
Sketch
Linestyle = --------mmmmmmmmeeee % i
Civil Engineering Deparment
University of Thessaly
YAKO pe E=0,3GPa, v=0,25, c=50KPa, ¢=30° Zxnuota

(ME EAOCTIKOTIAOCTIKI) CUUTIEPIPOPA) Ekokaer ota 100m.

ZUYKAICEIC Kal dIAVUO A JETAKIVIIOEWY OVTIOTOIXA. B19-B20

AINAQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZZAAIAY



NAPAPTHMA

Alaypdauuota excel pe Bdon ta armoteAéouata
TOL Ttpoypauuatog Flac3C



NMAPAPTHMA T
AIEPEYNHXH AMOKPIZHZ ZHPAITQN ME XPHXH TPIAIAZTATHZ APIOMHTIKHZ ANAAY>HX

%
co sy

>
o
S'%9 o
> FF M
; 5 O£
> >
1
O oS N\ \ﬁ
N E
o >N
3. ..
Bl
o
o
co
(@]
03
o u g g(
o] 0 COM 2
B . P b
oa - s
g 0 L
Q. e
o & g o
0. x
c% b I B
- L CL
-C
o Do b
o a e
St 9.8
o-
.8 g a. gL
> © 3
o Q 5%
< F o R
o -croo
| 3y
310
CL
co
g
0 a
m D
C
-0 b
o
< > r
|—
(1uo) DotyXANO WONT'2¢?2’7TT
wW uo . ..
EL(J W (iuo) GoryxAnmt
LU
Zo0
<

AINAQMATIKH EPFAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEX>AAIAZ

88



MAPAPTHMA T
AIEPEYNHZH AMOKPIZHXZ HPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

CT

~+ XV
VOT *
AV x

o<

J

O
e>0e ce g
06 " oOXOd

N TxoT

NooTeX:

AINAQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEX>AANAIAZ

5008 0

O O O o o
i @ E i afi
o O O o o
o © 0 °
& v T

(1u) DolyxAno

o

3
o o o o O o O
:gi o Li [N [ BN ill W
n c O PO® 9
op” W Co oM rt

(tu) UoiyxAno

O &th oo

1CO

T00Ps v=020

==
80 E XL, VN TTh YO

—
O—

OWxp

SBH
Tr=Ale)

t

.
Q

<

o

89



NMAPAPTHMA T
AIEPEYNHZH AMNOKPIZHZ HPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHX ANAAYZHX

'C
= >
3 X
8 3
¢ cp
l;é B >
L oa X e
ts. .. Kl
= E
0 >
'
-to
L
I-
a
Cco
Cc .
o o %
o} S Y
CT o b ot
.b (13 =3
9 ° Si
10 O
0.
= o X
R0 >
) E 5
o -a 13
cL A~
cL o P
L)) CDL & a
3 o
5§ D g
k Go
2 ¥5
< S
D =
IS, IO
E?
5 a
w CL
co D
cl %r
"

o =
KI _
X< e
g (iu) DotyDAND»

l:
W
=0
(¥4

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY ©OEXZAANIAZ

90



MAPAPTHMA T 91
AIEPEYNHZH AMOKPIZHXZ HPAITQN ME XPHXH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

D
&
B n
VI 5 CM
o o
£ D o ¢ >
. ﬂ (?E o}
o O
g &
g 8 T
o) = LU o
D i X
O P
D o a
ZL =
L
b o @3
cL ZL -
5 'tk<<)) ZL 10
< P 0'E
b 7
zl a
' B 3
Q;C
>m 9-
¥
A
M C
=-0
O Us]
o %
=
ns (uj) DoyxAno (1u) OotyxAno
l— Unl
W

AINANQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKON MHXANIKQN MANEMIZTHMIOY OEXZAANIAZ



NMAPAPTHMA T
AIEPEYNHXH AMOKPIZHZ ZHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHXZ ANAAYZHX

'CT

<D
w S

SO #

X%

ol W A=<y

O,bﬁ'bb Vo () yOr #

<2.

03
CL

0
CTRKTIO OV=F 01X

Voo

Aoy
)
U o meQoonS
OXW ONSA

= 07
-
<@
So

_QI
o>

€ eXCO
X 0o orepo0 Nl

= O
AN N
10
!

c =
=

Oc

AINAQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEXZANIAZ

92



MAPAPTHMA T
AIEPEYNHXH ANOKPIZHZ ZHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHXZ ANAAYZHX

V)
nCr
|g 8
13
* D CN
X D O
t>" X'
U L
g >
TV
ZL D
[
O
O
(@)
03
0 N
: .2
b © 0 0 o D
-8‘L o > ><
€0
8 '(()) - %
5 é; <2"
).i 0. (l) D
SR g
|9 8 °a b
R_ a.
8.£
.8. H_ w 3
>, =9
D ZL'|
D'g
i-? w0i8
< 1 o
1>
A 9-
¥ a
b ©
5 4
<
1= ~
CM CM CO
— U (iu) lidiyxAnx) (ui) UoivxAnx)
=©

AINANQMATIKH EPTAZIA A. TZIPIFTQTH, TMHMA MOAITIKQON MHXANIKQN MANEMIZTHMIOY OEZZAAIAZ



NMAPAPTHMA T
AIEPEYNHZH AMNOKPIZHZ ZHPAITQN ME XPHXH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHX

Y
a X
X g
>3
5’( b
'3 IS 2 1-
tl > A JAye)
W
o >-
,_& .
=l O
H--
o)
-
&
I Co
V' cL Z(
o o
0 0 n
uD
cD- 0] I E
0 o © 9"
S: & S
C?D o
Q
cD = 8.
3 7
% o
i o
OSJ< 3
IXI
X g "%
53 o
o o- 2

o1 XHO0 wWuE
OWro voo 200>0R &

(o]

(1x1)) BGiyxAno

VX 0O

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEXZAAIAY

94



MAPAPTHMA I
AIEPEYNHZH AMNOKPIZHX HPAITQN ME XPHZH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHX

CcT

8LOTXV

> £ * D CD
283 £C
17 >- X Sc_[]
_ Us) |—
33:
E =
>-
g’ o'
©5B
ID
2 s
& o
b 0"
o cL
o E o
b 0 1o a
[ o] b
Gcz. % o o0
: od b
CcD g oMo
o 8 QD
x Q ,
co 1= > g
D 2 o =
D o 8.
o cD
. .
‘D
CcL ? D
-= b W o
D @ o !CE
< ?9 8 =
;3 9-io
< S-o
b S

gXoon () po K
zOR omo

Usl (ui) dwiyxAno

VX O

AINANQMATIKH EPTAZIA A. TZ1PIFQTH, TMHMA MOAITIKQN MHXANIKQN MANEMIZTHMIOY OEZ>AAIAX

95



NMAPAPTHMA T
AIEPEYNHZH AMOKPIZHZ ZHPAITQN ME XPHXH TPIAIAZTATHZ APIOMHTIKHZ ANAAYZHZ

TEXY

0
> > x> P —
3 lb— > SL
X o .
C IX
t>"N <
W |-
a >-
ZL .
-CT 10
7L D
- -W

0
_03
LL Cof )D(
cO 0
0]
8 o
o
cb
g 9
cD 8—
D
§
D %
e
b
1=
<
0 b b
2 X
; < “ 1%
vl °b
= Ui X
<= ©

AINNQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MNOAITIKON MHXANIKQN MANEMIZTHMIOY OEZ>AAIAZ

96



MAPAPTHMA T
AIEPEYNHZH AMNOKPIZHZ HPAITQN ME XPHZH TPIAIAZTATHX APIOMHTIKHZ ANAAYZHX

*
>
1B X
o o
>
< 8
o
D O
35 S
e 2 & 43
W I-
e
-C 0
3. D
-
: @
03
LL 8
ID_ 00 le) g-gi
5 2 . :
8 S b %
5 oo
S5 B
3 &
X CL
03 1=
P 3
D F
5 O
D D
o
>4 P ,
T od 10
<1 00
o) o
2 CL IS
< £
t! O-
HCr O
_X cl
I= O
0O
E *
O 77
'3
= 00
\é\zl I (iu) GotyXAnx) (ui) hotyxAnx) ;8
W X
LU
< O
C

AINAQMATIKH EPTAZIA A. TZIPIFQTH, TMHMA MOAITIKQON MHXANIKQN MANEMIZTHMIOY OEZ>AAIAZ

97



BIBAIOITPA®IA

AyloUuTAVTING Zax.(2002), Ztoixeia TMEWPNXOVIKNG - Mnxavikn
TIETpwHaTwyY, Ekdooeig IQN

Mdo0tog M., Avtoxr Twv LVAIKwV, Ekdooeig Kuplokidn a.e.
Eppapiong . (2003), ZNUEIWOEIC PABNUATOC: BPOaXOUNXOVIKN
Kappadag M. (2000), YT1oyela epya

Kappadag M. (2000), Ztoixeia d3a@OUNXAVIKNG

Kepuaviong 6. (1999), Avtoxn twv LAIKwv, Matpa

Kwpodpopog Alu. (2001), YTIOAOYIOTIKI] T[ewTeEXVIK  Mnxoavikry -
Mpaupikn-Mn pappikryp Avaivon, Ekdoaoelg Zntn, @ecoaAovikn

Kwpodpopog Ald. (2003), ZNUEIWOEI PABAPOTOG:  ONPAYYEC  Kal
UTTOYEIO Epya

Mapaykog Xp. (2003), Texvika €pya vTttodoprg - Kataokeveg otnv
ETHPAVEIO TOL PBPaxXou — YTIOYEIEC KOTAOKELEC — DPpdayuota, EKSOOoEIg
AlN.O.

MTmtavtri¢  Z1a0pog, Bpoaxopnxavikry, MaVETUOTNUIOKEG  EKOOCEIQ
©ecoaliog

MuoTtokidng Evp. (2002), ZNUEIWOEIC PMNTPWIKAG OTATIKAG.

Mamadpakakng M. (2001), AvaAuon @opEéwv Je T HEBODO TwWV
TIETIEPACUEVWV OTOIXEIWV, EkdOoeIg Mamaowtnpiou

Toauaoc@upog . (1990), Mnxavikn TIAPAPUOPPWUCIHWY CWHATWVY |,
EkdoOaoelq ZuppeTpia

Tootoog Ztég. (1991), Edagopnxavikn - Oswpia pEOBOdOl epAPUOYEC,
Ekdooelq ©. BepPBepidng & M. MoAuxpovidng a.e., @ecoalovikn

E. Hoek (2000), Practical rock engineering

Itasca (1997), Flac - Fast Lagrangian Analysis of continue - online
manual table of contents, Itasca consulting group, Minneapolis

Itasca (1997), Flac30 - Fast Lagrangian Analysis of continua in 3
dimensions - version 2- user manual, Itasca consulting group,
Minneapolis

L. Jing, A review of techniques, advances and outstanding issues in
numerical modeling for rock mechanics and rock engineering,
International Journal of Rock Mechanics & Mining Sciences



Marcio Muniz de Farias, Alvaro Henriqgue Moraes Junior, Andre
Pacheco de Assis, Displacement control in tunnels excavated by the
NATM: 3-D numerical simulations, Tunnelling and Underground Space
Technology 19 (2004) 283-293

R. Dungar and J.A. Studer (1986), Geomechanical modeling in
engineering practice, A.A.Balkema / Rotterdam / Boston

Shunsuke Sakurai , Shinichi Akutagawa, Kunifumi Takeuchi , Masato
Shinji , Norikazu Shimizu, Back analysis for tunnel engineering as a
modern observational method, Tunnelling and Underground Space
Technology 18 (2003) 185-196

T. Unlu, H. Gercek , Effect of Poisson’s ratio on the normalized radial
displacements occurring around the face of a circular tunnel,
Tunnelling and Underground Space Technology 18 (2003) 547-553

Weishen Zhu * Shucai Li , Shuchen Li , Weizhong Chen , C.F. Lee,
Systematic numerical simulation of rock tunnel stability considering
different rock conditions and construction effects, Tunnelling and
Underground Space Technology 18 (2003) 531-536



MANEMNIZTHMIO

004000074384






