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Abstract 3

ABSTRACT

Rapid growth rate of urban development has leUd to a continuously increasing need for new
underground constructions that aim to further improve the living standards. Tunnels are a great
example of such underground constructions. Often, tunneling takes place under severe geological and
geotechnical conditions where engineering solutions must be found. Most recently, due to the
improvement of design and construction equipment and due to the use of new excavation and
support methods, tunneling has become feasible in geological formations and geotechnical conditions
that used to be impossible in the past.

The study of the pressure developed on the t u n n emmpdrary support is a complex issue that
engineers are required to investigate early during the design phase of underground works. This is
mostly because of the large scatter and uncertainty of the load from the surrounding geo material,
estimated through the available empirical and analytical methods, which usually do not take into
account the interaction of the system geomaterial - temporary support i final lining.

This M.Sc. thesis presents the results of numerical analyses performed on the double-track tunnel
located near Peristeri station of Attiko Metro. The results show the change of developed pressures on
the shell of the temporary support measures of this cross section. Through the use of the 3 -
dimensional finite element code ABAQUS, arealistic simulation of the construction stages and the
pressures on the shell in regards to the surrounding geomaterial was attempted. Therefore a
numerical model was created that takes into account the stratigraphy and the laboratory results of the
geotechnical evaluation, the actual construction conditions and the in -situ data of field measurements
of pressure around the cross-section, finding the right balance between precision of results and
calculation time of t he analysis.

The analyses obtained results on developing plastic deformations, the total and vertical displacements
around the cross-section of the structure as well as the pressure distribution around the temporary
support measures of the cross section. In order to achieve realistic estimation of the geotechnical
parameters, wide parametric analyses, regarding the stress ratio K,, the Youngds
thickness of the shotcrete and the cohesion of the formations encountered during the excavation
process were carried out, aiming to quantify the sensitivity of the geotechnical problem. Furthermore,
analyses were performed by sequential construction of shotcrete according to the tunnel advance rate
and finally the effect of all these was studied in regards to the distributions and the values of the
pressures on the shell of the temporary support.

At this point it should be mentioned that in very good formations where subsidence and convergence
measurements give low values as in the present thesis, the analysis of pressure cells results is an
important instrument for the advancement of the project.

Finally, after selecting appropriate geotechnical parameters for the geomaterial in which the tunneling
was made and after using data about the pressures on the shell of the temporary support, a
comparison was attempted between the in-situ measurements from the pressure cells in regards to
the corresponding values of the mathematical model. That, in result, lead to the determination of the
geotechnical strength parameters in regards to the formations of the area across and above the axis
of tunneling construction.

mo d u |

u s



Abstract

It should be underlined that the arguments and the conclusions which are included in this thesis are

personal opinions of the authors and under no circumstances do they reflect the official opinion of
Attiko Metro S.A.
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Baailopevor otnv nepiypapr) Tng AiBoAoyikng ouoTaanc, Tng Soprg g o %% g
Kl TNG NOIOTATAG TwV AOUVEXEILY TG Bpaxoualag eKTIAOTE TN 3 % ‘g" 23 @ %
péan TipA Tou GSI and TIg kapnUAES, To va eMIAEEETE £va £0pog & = g 3 o ERS]
TiH@V and 33 éwg 37 eival nio peakiaTikd and To va SnALOETE O Z 5 <t 3 s & g
To GSI =35. O kaBopiopdc TG Boprg KaBAC Kal TG NoIGTATAG =] o & g 5 835
TV QOUVEXEIDY UNOPE] VO KUPAIVETaI PETOEY U0 YEITOVIKGV g g 5 S 'E g 2 =
nediwv. TovileTal iBiaitepa OTI To KpiTipio Hoek - Brown dev w 3 z ?ﬂ £ g
epappdleTal OE aOTABEIEG NOU EAEYXOVTAI GNO OUYKEKPIHEVEG z c-g' g g ot e
aouvexeieg OTav ol aoBeveic eninedeg Enipaveieg (Onwe diaTpnpéva E 8 b g SE ; 2
€nineda oTphIoNC) £xouv SUOKEVR NPOTAVATOMOUO OE OXEaN LE g El u>:.:7_ [ o g
TNV exoka@n. ToTe auTeg kaBopilouv TNV CUPNEPIPOPA TNG g c ® 3 '5-: 2 =
Bpayopalac. H avroyn opiopévwy Bpayopalmv HEIMVETAl ano TNV il = 3 & E P g 2
napousia Tou UNOYEIoU VEPOU Kal auTd unopei va AngBei unoyn E g 5 B8 Q g -]
e pikpry peTakivnon npog Ta 8efia oTic oTAAES TNG PETPIaG, NTWXAG & = g g = ‘g - 9 g
ka1 NOAU NTwyrG KaTaoTaang acuvexeiwy. H nigan Tou vepol =] o =3 o 'é 5 é 8=
Bev peraBalAer Tnv Tipr Tou GSI kai AapPaverar undyn pe TNV w -2 % :_; o5 o e ,g =
avaAuon EVEPYQV TAOEWY OTOUG UNOAOYIOPOUG, "E 3 § Y- < b5 um‘{ 8c 5 ez g
oW ==t >3 S -0
E| 25 | 388 | Eg 8 |B283| 258
S| 63 53? §2 |ES38| €33
° == =& 225 |leceao | EC 3
AOMH = MEIOYMENH MOIOTHTA AZYNEXEIQN ===
APPHKTH 90 /
Appnikra Bpax@dn Tepdyn A GOTPWTOG Bpaxog N/A N/A
HE NiYEG QOUVEXEIEG OE PEYGAN anodaTaon
= 80
TEMAXQAHEZ/ AAIATAPAKTH-ZTPQMATQAHZ % /
AdiaTapakTn Bpaxdpala Pe NoAl Kahd w 70
ahnAokAeidwpa nou anoTeleitar and kupika ;
Tepayn opifdpeva and Tpeiq 0pBoyMVIa TEUVOHEVEG
OIKOYEVEIEG OOUVEXEIDV g
] 60
o /
o
MOAY TEMAXQAHZ =
Mepikag Siatapaypévn Ppaxopala pe noAUnAsupa 'c_z.' 50
yuviwdn Tepayn (blocks) nou axnuarifovrar and <
TEOOEPIC ] NEPIOOGTEPEC OIKOYEVEIEC QOUVEXEIOV §
w
~ 40
iy AIATAPATMENH-ZTPQMATQAHZ/NTYXQMENH g
V2 NTuxwpévn e yoviidn Tepayn nou oxnuatitovial T
and aANAOTEHVOHEVEG OIKOYEVEIEG QOUVEXEIGDV. é
Eppovn aTpiong i oxioTéTnTag ey 30
=
i}
=
>
ANOAIOPTANQMENH ] /
Ioyupa keppaTiopévn Bpaxopala pe NTwxo % 20
ahMnAokAEIdwpa Kal Pe TauTdxpovn napouaia
YWVIOBWY Kal anooTpayyUAWPEVWV TELOXMV l
DYANQAHEZ/ AIATMHMENH /
DUAADLENG 1) OYIOTONOINUEVN KAl TEKTOVIKQC 10
Siatunpévn aoBevig Bpaxopala. H puAwon
€NIKPATEl £vavTi onoladnnoTe aAANG OIKOYEVEIQG N/A N/A
aouvexeiv epnodiovTag Tnv dnuioupyia yoviRdwy
TEPAXWV (n kAipaka og auTd To EIKoViBIo BEv OUYKPIVETaI HE
auTh Twv GAwv EIKovBiwy)
GRo2(: GOl Eeu UGEAABUTT 0O UUTETUTEGEOG UEO adGRUIT UaUO GOY GRI

[Marinos & Hoek, 2000].

30007 ¢ £ O6K BRI H U



18 UOROEUEe £ GUOERF

22 Qdzg§Qdzog gGgDPogG ¢gQG GdzgpDZgkgtG

221 QO EUGDEO gvibhy GCRutobiid

Co @
Ce
o -
Co
(@)
[l
o - ‘
- Ce
oy
c g( m
= ™
o ,
g~ 22
3 [ e p—
Z 5 0«
>
Q
e
;O
[eZ N e
Co8
g X

O ©
Cc Cc = Cc O & o o
Co

& c m
Cc
m»

o=}
Co

O) Qé C —?
a)
(@))
m»
D

o
Co — » o G C
s &
co X
c =0
oM e m C

-

O & @
= G P
c
o
(@
Q
o o
or =°
>

S Ce

my-
(F
C g @

(@} m; O o
D
&

(SN =

o
C Qy
-

Cc By

C
C X o
Ce

D

(¢} O =3
D
Cc
m <
C
m)
(@}

Qr M Co
o
Ce
([ex)
(@}
, >
m
Ce
\ D Ea
" o a» B¢ h=ad
m»
C o
e
Q

O
B
>
m»
Co
s Co

-
mr Co S¢ ¢ — - O
4 s

;

m»
™ = FH\ mp e @;

(] C Co o O)
Q

Co
Co
end
C

¢m¢

Fﬁ‘ o O CcC M m Co s O o
C
C o C QO =
(o))
o=
O

D

(0]

G o

o

Ce

s

Co

e
S &G

Co

C

m»

()

Ce
(04
m C
C
m»
[
O
&O
o
m
>
O
e
o

LGOI
Ce
o’
C
Cc
m»
(o))
Q
el
m»
C
C
()

E=a
X
Co
m
C
(@%
(@)}
D
O
m»
Cc
me
O
[\~
o
(@)
Ce
Co
C
O
Py
Q
C
O)
Co
C

([an)

€ H
ot
m © E;
&

=)

™

»

Co C o
me
e O
o’
:
[S)
(a=
Co
me
:
Ce
C
C
m
Cc
Co

Co
(@)}

o e QO
-
m [m»
o™ O
< Co =
@ Cc

+= ZA 3 (2-4)

3g=t a'nd A (2-5)

3000 oUBOAREK D AUG ¢ U

Py I'_I'I m 5
C
S ms
o &
g
B
B o
@ ) \
o
&
E)
3
:
(e
e
8
@
<N



ROEUEe £ GUOERUg U 19

b,

C

o
u, 4

tan -1[tan 2(45+ (i /2) ]

2ctan(45+ (i /2)

GR@I22: GdUGEey UPUEEAEEL@EBUORs U

o

Coulhabh [ICoulomb , 1776] .

W W

2 OOEUQPOEQD gHbelk Browl O

e0EUDOE HoekdBrou® Bd BE & £ ¢ Ud O6 0 E A0 HbEke & Brdwg (1981),06 O
Ol OUEGUT Ud09pOPOEDOUED Kookl Broeae(1088)) dHeek e &.1992)p 1 U 06 ¢
O TU0U 1 AU0UE UET 00l Eewdkel@o (DOED) .UdQURIOBD RUVEU
GdU0GE UOo6HoékdBiBWhE X0®@® ) AEU aosURUT UaUO G0 00060 e060d;
P T
1=UgtucA mp<s—+s (2-6)
Uc
_ GS100
mp=m;A& X me (2-7)
GS100

S=exXgI (2-8)

—1+1A 15e3 2-9
Stghetse (2-9)




0= 0. A° (210

Co
(¢}

Q1

=g

Co
(=)}

Co
>
— Q@ R N

Co
Q.

®
@

O e e @ e

sl (2-11)

my+ 4-8 M-8 s Amyj 4 + §1 (2-12)
2A +#2+a

o
(@)

Co

(=

B
G GG >»C ®»® »>»Q OO U Mm
(e
M o
\ . Gf s v T
@ -
[
c)
_);U’E‘
(@)
>
Ce
([ex)
m C C

— —
- (@) h‘ >) B
X mp

@ @&l 6V E. D2 C

(@4
Cc
- Q <
(@) G m
— M
; m FI:!‘ (D:
o © o
g O
s &\ , [a)
o ™o m
m»
Ce
Co

m»
Q.
e
(¢}
O
.
m)
Co
m
(@}

Cy M

o O O
([ex) - = Co
e Co O o
Oﬁ Oﬁ m
"\ T S D
G O
[\
m
Co
m:
C
Py}
C
—_
- &

e

DU epudda A ¢ U1 ol
EO. DB sADD U0E Be¢DU
06 UOb6 *d0A06.

e

E
AdUGEeg GUGUUGE
E

@ C™ O Cem Ce

Co

& C
Q
(@]

s
M
Ce

C o
Y
N o
D C‘
X

\ &\
(@}

Q.

el
g m»
[¢] (o))
O Cc
h o

¢9)

4
x~

N+

- O m ©
N
o
o
N
Ce
[
O
>
Ce

o &

0

Py

Q

C

m

O

Q7

o

Ce

X0

=]

Ce

Qa»n

Ce

(@]

Co
Co —

>

Co Q@ (v &«

ey
—_
a o
(@)

O ¢
(@)}
(@Z
C
== })
e =

3000 oUBOAREK D AUG ¢ U



GUOERUgU UO6 ®d0AO0OG 21

GgDhpKog ¢DAU K dzi

GUO eUOGAI UEO Uo6UL &U ¢UBUUUVUEOUT UU GUOERUBU ¢0O6 ot
AURT OAs U0 U@eabo PAWESOOE UOuUGEe=®&0 ¢UB A VUBOE ¢ O0Ob
eullaelVoy UEO U¢a®eUUGEDO UO6 1TUUBLD ¢0OOO@BOTAWIURY @U
UbAUGUEDEUe&O eUE UOEUUGPOO6 uUOeEYT 2AURBURHDGBAIIOU G eldd -
&0 A06 .U6UOU

OU ¢oUBEGGUUOBU GUOERUsU eUE &8U éeRUEeOOOEE&OUT aalU
gl Ul o UEe OQERU@@Oe a®ET OAREU UO 3KgdzDZz gUO3n3 Uou UEIT
ROEGEY Op OEgeEe Ul GO0 6 Wl UaER U RIOEDE epgiinoCoiln & E& @ UOU E

DA® ASUET U ¢

gdu UET gdggoODZ 3KgdzDZ ¢ UBURROUGOBESOHUI 0@%@@@@@@@ O¢p O
eUE GUO mMAXUw G KdipEU UEI dUOEORQT UEEImEADBYPOREBE O
U EOTUAEGE U¢oRO aol UAREeEeU Ul U060 10T UVUEUxO. GEC
UEURRO6aOT UUE a0 utUOYT BUBOBWE .0 UHO ed o BBOE ¢ O6 UEUIT O
UEQ] GREUED U( 1 +8681229)5, AEU U0 0¢0sO uneéeeell GUOERUS
(AORUURT Eeg U7 EOT UAEGE O0E ¢ EOUEEEP)OU UBOETEHIE ¢ G UC
euollaelVoUBUE @UE@@RDEe@UUTE@TDAEGE URT U¢EUUG OB

ROBOOH OEgeEel UOIEeA) . ¢gO uwUOU0UBO UV GTU UT qued.O0U
1%&29hn6m)é OpOsU ¢dUAT UUO OE e E &K drd Gfi ededE U 00O U U DE
51

o Ao P on EA™ A

UEO UEU6067T & EO GWEUUOT SOEDT UUKE&EE E &UALGROI RN EEGRR Uk UE

eUE ¢ooa|0¢U|u”E EMEPGEN Co ¢ OB oo0U GUOERUsU eUUUGE
(e0l0UaelVo6UGUEe A GR&UEU eUE U PEDGL ¢idoA e NERED &l G F 0 ¢
Or OUAL&GeEe Ul @QUUI
1. 40GQDLG 3KQKORGFIQGO §0OGC idig §306G-§% DDBFDDHZO" , K3 9C
KOQUKGQ g] oDDHDZQGQG gDDHKOKG3ggn3 UGKAgKERBOQONEK. Kd
FCC CONSTRUCCION Dmg 30gog G H3 GDAU) DD 30pg300DD K. |
(2GW0OCW180S901C).
2. 040D  ZKXOK@EgGQ ¢QG ddg330G 2 -g%¢DHDBDH Q'3,§ N 3
GQdzgllg §goDDHQOG gdDPogG", KQUKGOQ KN IKPGEQ QRD.GK .g] ¢




22 GUOERUsU UO6 *0A0S6

FCC CONSTRUCCION Dmg3igog GH3GDHODD 30pPg300DDd K. Dz K,
(2TW2CW180S901B).

Uol UOT CRREIEGWR TGHe @I Emesd UG &l Aig 6 UOERU
E 701 &UE

2g330Q0G 2 -3390DHDDDH @'3,§NH 30 DZ
qusz@ Dg DD olgrG,81p286, 1
ONSHRUCCIOR Dxmy 30gog

3 DAUg dzo DB 2008, (2Tw2C

S o

qo( O
e}
~
<
~
%
©
=
09
6(

G DRIOKQQOEY:GQ g QG {lidzg 33
gDz GQdzglidgG goDZ'?Q
Q0 ¢gDBQ & iDAH Q_
nQDZoON3 & gKB?bU

g
VVVVV G 2g¢ 3 YEomAD Q3,9 NGERDI0 Q
PG, deDD Q1g+3 8(1p..200.) , 10rg3G9g2 . 35(;0(
3Ggl—(DdUK_QGn3,_9KnQ_ C
&HioQGn QgggGOKHG GUQQKO,
S1012)T W2 CW1 8 0

[(~ ]}
r—\U@

-gGg] g.®NNSTROCCION 3gAD

5 Gdg330G 2 -9g3%QDBDDD @'3,¢n
KQUKGQ GKRgKP30QOG gJ
Gtgog GH3GDHODD 30pPg3

y.e
5. qoquz'; KO Gk @PdHg GO g 0
a

"GggU 3 D& DK -dEDEDHKKID S Q K
J&P - g Gg] g . KCONSHRUTCION

07/11/2007 (2SW2CW180S903B).

6. 409G QDL Kiokaga@FHg GO g QG dzg33QG 2 -939DBHDDD @'3,§ N 30 DZ
"GggU3DL DK dzggGIR3dgo " HDDZ K ¢ g GG, § oDplgIXAI dp 3 Q HDDZL G Qdzo J ¢
GRP3Q00 RDDH®P @ G3DD, - Q6d] IR PKCONSFRUCCION DZ g. 3.

9. §:®BooDL gKP3o0ON3 3KoKgn3 g.¢g. K., gDazooDL 2008, |

7. A0G0DG  GPRAPPHOQ KQUKGQ 16§Dz GggU3DLG DXKdzo Gg Kdzg,
909g3DD] QOG6RIPIW+724.3), 0Qggg 300DL GKnoDZi 9 00 ¢DBQ &
gKgDZK3g GH3Zg39dQUKoGn3 {GdKnoDZioOnNn3, Hig dzDZi Kn 0 DZi o On 3
GH3000n3 "néG QgggGQR Hg 6B ODKY, CONSFRUCETIN 3 g ADD

2010, (2SW2CW180s4031).

060 uE (heod ledRUEIEDO UDHO 8 VEERD OB & UWBpA @pEIEROE OUT U1
Ol ¢s1U0UeU ¢0O6 UeOl Ooels:

Dzl UBUOQUUEAOBEO9OSEGE GUOERUgRI 301 ®«UEO eUE QUUUGEU6QP0 Koot UUWED d
9990 QDZdHK G . K]

0§ 0oD&L Kiddzga DU 3KQKgQ Qg § 9 GOKHOQ
g3U DZ—UDZE)ZDQ U 342.89-2+ 490.29)
GOURUWRIVEEOT DAEGEl . 2GWOCW180S901C -
DK dzo G-& ig 9goDH QG ¢ dzDPa&B29p. U. 1+392.

GORUWRIVEE O UAEGE . 2TW2CW180S901B

45 2TW2CwW180S1011

oT UGE 06¢OGUDBETE £ 2TW2CW397R902C

DK dzo G K dz¢ldzHU3 K3 O goggDBOQ -(#36.29) 1+681.29. 5

SW2CW180S903B

SW2CW397F902A

3000 oUBOAREK D AUG ¢ U



GUOERUgU UO6 ®d0AO0OG 23

0 0 9 OB GAEDR WBUCERpEG 60 VU G O B D1
U@ UO06 30U0UdU0 ¢O6 DHbwHEIMRED O IBRD JHHOEIORD O U
C OEYT &l U, &U Ueoldi OoegGUE U
é UE o Vo QRGO G B D@ EOE® ¢ ¢ G
Ol GRUGEUGTU UOb6 &®d0A06.

32 GgDDOHPRKYPKGgOG DKdz PH @ g a KdzDZE g DG
GU ) U UE @

N A

o) E
“Uqﬂtﬁtb@o GgEE ALl UKRm, a®wal
O Gged REOOUES TG WO .4 !
v

0, ) U00GEo060 @ 60000 AUET Ob
EUEe OUO FU‘l“l‘éi(]lm(ﬁ“@ﬂ[llﬁﬁ“éfﬁiﬁ@ﬁ)ﬁéﬁé

) T oECEUbOAR T eABUTRU U U & b el (B AUl FDil 1 |
3 UDHDDD Q¢ ¢Uﬁ|§é§t‘ﬂt‘ilﬁe|a@éﬂé AU¢EEAVBRE L

[%e) Co =
™ o

S

Co
(@)
>
D™

N«
R=2
Cc
O
R=2
m
D
O
[0}
¢
'El)
g)
mng]
Ce



24 GUOERUsU UOb6 =*dADb

eWE eodC
Up O& &l L

ZTPEIC

i
e N0

/R A=)
oaf—a 4
- ..' -qu S /
B/ Gl /7
e/
N épupd Ml NG
\8

[GORT OAEeud pABUEO KIT A£Gk KHBY/ 1 QigBeiedBel 1:50.000]

O ¢UBEORUO RUBUeUE®saUVUUE Udu UITTUGATE
GPPERY s RIS @goscl AEU 0O £d0A0 U¢OUU0IT Us UO ¢
EOU&sT GE ¢UBAITEITE TU UET eOsUE U006 0 &l
u

U0 &oipeer & ODAw®a 6&e OUU UOT A& OT U U066 1

3000 ¢UBOARERD AUG U



GUOERUgU UO6 ®d0AO0OG 25

U umCe U¢ 0o RIED a¢kD WBEOE O OQEGEGUO ¢OU0U
0 0 [ ) 0

UE®&0 ROUUE e A2 00U aU0OT Aigdilai EO®D.T 0
oudOAURI OAEe g aol ¢UDEGOOA URT GREVUUEGTOT ¢O6 w01 OC
o DE Ul @d0R¢ OA eI UK CE eeeOE UDIOR 2 UEO ¢UB OO0 GEAaO6T 1 &UdE

TOUAR UEO UudOT UdOUO GUGBESDO UOBO aU GeTuoeUGYTL TU UE
o gU TUOAUT @& ed00eUi OpUAD ¢UdO6GEA£a®aI V)T BIGE Ud Ed OB d
eoeéel OG0d6sU UOo6 ol AUKENO6UH UioAall 16 O
o GUOI UtauVaUEUEeu TUOUUPUTT6UE (EGROOA eUE &I UOT U |
TUdBOU T UYaA UE UEI @&l 1 OEU UO6 GOUAUEOSG o6uUdOGDND(

0
U od B RUQAET Op OEET &I RT aRT al U¢pOO A&
eUE UEAUTEGEO GUE Y AU UOC6TT BUMUOEOBESsO,000UABOEE
OT UTTUAGO T OO0 UVY ECOT /7 Y 0O@BA s aBlE a7 OWe RIGE U0 ¢Od
UoEl VeiBEa@®d®d OG0 U0 AEU UO 6¢UAUEO T UdbU.0UEUET ¢U
ouoDaOO0 00saldil UUO BRESDRBDOUGEY &pOsdODO & UROUVUsUUE R
e0oU0GYT &1 OO GUE woeaY Ul @G UUBE ¢oUds9URGE

322 GURUURI Eed gi EOI UAEGE

GUET ¢Ud0OU0GU UTUUEUVUD! pOdOARERZEA ORVE U OUOT VaY AURT [

AURUURT Eeal UdsU0sT ol ¢O06 Uadbl ¢aietEe@Bilotdn cpla ik ORG

MK dzo G di¢g 0O UosaEDO eUE GUEI AKBHEERIVEAd@d W UG U OBIERDD

®20U0U6T UO 906 UVeUUI eaeEeUl GUPOARTA WO U WalalEa Wil U

a6t aUUEey UEAI OETE Tpd Ui+BoR®1 £6 %1 . R@&iWoeUBY o7 U ¢ 06

ellUlGeVo AUBES @EeOU O UVeGe Ul oO(pe Uees129-1+736.a% RRGEDO ¢ ET

UET Ul £#20aE UEO eUlUGCeUV6OO UOb6 @&0A06, uaO0 eUE

Oe U0l eGeEe Ul

gi salE TUOuO&Ed @WER@Ds U1 VA Up U (HRICAE RGO PGERT ¢0 06 UET &

POOOUEOOEGEOUT GUGaGUV0L U:

o O GUBRTUUOABUGSU GUET o¢oUBEORD YUl ®UEO, wEITUUO E
GUdaaEOG U0O6 o6¢UUAGIOBO

o gU Go6GEeA£ eUE UU THE&RDI! ErRIA (RUBDIUEWDEDEGUE) Od VO E ORGIT |

o O GUARTIE6OHBUAUERT T U0odaIl

30 BEGOGE URI ¢UBUGAI R T¢000p 1 U UVUeUETE&Ugs UO 1T A0

eUUEAQO4U UVuALkiO6O UL UET A9OFrE UEO GUEGTEegO UQEeE

UdUEUUUBO6 vodi@dDEUO0 o6¢ O0UBBEOE G eUBHDE U UAAUO, e

AORUURIT Ee&0 ¢Ud A UUBOE AEU UOT aROWEUGT U UEO UCUUI Ee¢




26 GUOERUsU UO6 *0A0S6

)

3221 GUUeT 0O D KIRIBOWAADEY] 80 UGAREEERDs P . U U
1+392.5 -1+681.29 )

GU U6UD UO eUVUGAI UEO &U ¢UdUUUVeOUT FUOBRAFED UIWHo@IUds U ¢
U0 Ui g7 U UEO GgoUAAUO UEQI 8O0 UBOREADO ¢ Ooa pald® (GeeRIEUE 1 6
GuE Ul UOUGUdEeUs UO GoAeUedET &1 O UV @1 U UGOBA A VUaU UET ¢
ak0E UU GUOERUsU ¢06 ¢00eU@@Oodio UA§W U0 OBEIDEUIT Ud Gl E @
O £6 U O0GOUOO UT UTUGUED YU UE aoOweUEU eUUAITEI O6 1 OAEGY Eé
Q @&&0E eUlUUGBeUVO VO UOG GoO6AeUedEYT & O 6¢uUAUEOS6 UURIT EeOU
DAT UAG ¢gaGUI uAdE UEp .0 403%2 UVWE( UpRD UES p OU468120 O) &#£RO UE
UdRG GUOUe&YT C K o 0o E RIA 600 1T abEIGD T OAIE 8 BE

o n N A

U peE@A) AUAGIU Eeelz0 UpdlesUEs OARA). E
EeA V20U eUE ¢0O0RODEI O
O ¢1 £AUOOG UEOG UWEUUE® U¢ UUED WivH }

NATM WiIOB@E, 00 7 e WORE BHEROO (
opUVOEUVUET &l RT UEO GO0 UAAUO, Uou UE GU&PE 2RO MUET U¢EG A

(P. @+681.29), m@RA+3DB50)7 5

GROIBL: DBHEAOT UEOABUGSU 0T @1 UUOO o AOIDEAH Tl 8es ) o OR E AO .

32211 gEV @0 GRUUWEUGYT OU GUORUURT Eenal DAdUT «UdRI

gou UU U¢OUUT 8 UUU ORI AURUBGOURT eUEGURBUUOBUBUL G O
uel U0 E OE6OLB) Oa®sECE URI GREYUOUEGY QT , T0 agsie O
RUdUeUEBEGUEe A a0 a0 01 O &E qewds VA RIUIRITERIWITO WCE CelluR
RAOUT EO UE@UESWWAANEO OE U1 00

3000 oUBOAREK D AUG ¢ U



GUOERUgU UO6 ®d0AO0OG 27

Ce
X
R=2

gURT|EU&0 K

)

C

O

(@)

QD

>

Ce

D

= Ce

(@]
D
Ce
>
D
Ce
m O
(¢
8
Co
G &
m» 4
G O
el
Ce
C
(@)

> o
D O
— o
Pl C (@7 m»
D
Ce
(@7
= m
D
O
X
[
—_
e)
Ce
Ce
=
C
M
(@}

enlq
e
Co
(@)
O
c
(@]
8
or & e
o 4
m»
Ce
m»
C
m»
D
[
(@]
[ON]
C
C ¢

e
(@]
C o
D
4 =
O/
m»
Co
8
—_

[

Cr
(N«

e

X > >
C CcC C O
X»

[

AaUGUEUVUEeUd 3KggNg330g0G |
. DA OHRABLBOEQ UgDOS OB, 0

0p0sU U galE UE UsQ0uddy OepldeO o @R D . U bn o
e00sRO, 01 GUI saUVUE &1 U 1 «A%hm 000K IERODI 20.E50 ,0 A IOROU G RDI
U000 Usl1 (.8mdg Oaph. ¢d>x666.33

DZ EGR60UO, T @UdEU UUeUOT EGY &1 OO UGauvVaUEUEeud® 3K
UpOaUe DRY HicaVGUEUEeOU T UOUUY UT YT BUE DZ GREV UUEGT ud U
AORURFOWou UET ¢UBEORGAODEOaAaWOGU@RAESGID GBI 69 06 e
g6l ®@RUEU UO ¢ AROO UO6 UbRsaUE eUE dGeéesi VE

gO ¢gKQOGgDZoODZ g gHDDDR i KG TG INPIPUIWEG @D Uk D 69 06
ARUE UUGOO0pdAGET O ROOGTU eUE ODn4gisees OD2y EREOUVUBGT G T |
Oy GUT ga0OUUE eUE TU UE VT0Ob00G@ EGRODOU eUE U006 U¢pOGcC
T @000 UEO RAODUTEO eUE pa alAwelred Ed &d &9 Qbp UaeRIEPUO. Ukl O
1+681.29), Uia #RO61T ¢0OAGETI O 2RO UUVUGO0OPOAIETI O ROGT C

- W o

DZ gdzZiodo QDL GpPoGgDHoUDLG o6¢ueVUEUUE U066 ¢alEROIEe OU
e0odUUUGOO ROOT U.

Co

Co N«
o
Q.
i
m
C
m
Cc
D
O
O
Co
D
O

R4
m»
D
Q
C
-

—
+ Co C«
N

o B




GUOERUgU UO6 ®d0AO006

(@]

@ O CcO T & Co O
Cc C O X Cc Cc ™ © Cc
I Co ©O O Cc C Cy Co
(@2
(@)

C
(@)
m C ® m

Co
pui

O
S
—
Cc

T g
O¢pu. U106 00 @ROO & 06 UEQ. RABBILE @
UeUEBdEauiT Uil o RO Dc.

PEWoU 1+530 perR1d+rell ¢U0ds9pO6, GUO U
S

E GUTGRT O 70 UE WO #DEFGT WO6Dckd@DO6 0 RET OUEGT O U
“““““ y 17 6U0E - 8B EIUD®OUT VURE T GO ®&®@®d uEUU
g 3 i
i

>
O
C

U
P OEUUEUUO aodUROT £aU
UG Op OEEYT &1 OEe). Gol

U AURUURT EeA£ RUdbUeUEODEGUEeA eUE
AOAOT ud UUE OE Ul ¢uwhAR (B V0BT O
Eegd gl UOR@Oe (GSI), O O¢GeaOE) AEQ 0O
ul E 0 7

O ©

& B T C
o @ » —

Co o S O 83\

P pull Ei o =

B
4 —_—) -5)
m = T O g O
)

Co o‘ D
C >

m»

-
—_ -
o O

_ C
— D™ D
C C o
m:s m: [m
c

m»
m»
[p))
c

(@]

a6 RUEU, ¢U0O6GEAaOT UUEGSPI@IURAEAA e OUBETRED VOEE T U
o} s ADRUOBEGSOED URIT Da Obje ABcRIT Usa UOER o O U1 g7 U
Ué U 0 G Jo E) 06 w El

R o
m» Co —
Co < =N

— (@% 8‘
o

)

C
(@

B
o [
P 8)

m

8

S

P

m»

;| ®
ol

C

X

éo
a |®
— |

[0}

[0}
T U0 GSlI m; G (MPa) GRUIT EU

m

Ce
C
>
Co
c

21N3
] - 64 1 (ev0eul
“19N5“
(100600

DD O&é o6t Ul
UoeéeBEnaRlOE U
20 (Hoek&Brown)

Gol g UEO | 27 19K3 2.7 5 08 ERIED
Da (1+530 25 19NK3 5.5 20 Oé EN sai0E
Db (1+370 33 19RN3 0.42 20 Oe BN &=

(@)

(@2

[exyp v

N0
C O

G6ol geUEOD 54 19K3 15.77 29 0OeEl&d

58 19N3 17.4 20 uOeel&d
43 19 N3 13.44 8 U O8 ERidd

(@}

au
E A Da (1+530
Db (1+370

(@2

—_

NN
CC|Co @ Co o
coclaS
o c|c O

OO0 7 6 3.02

o — |

o Co

[ex)

8.58 Ud

@
O

D

N O Co

- 3006

K O |

|or | =
4
" > || D> @

- 20 7 (36)" 3 uoa

m |©
o

, || -

*

()
m

Ceo |—|or o

mm | |7
Cc|o |O|Mm O

D
Q |O
o | ©

3000 oUBOAREK D AUG ¢ U



@
(@)
(@7
mp
pug
Ce
[SN
Cc
C
(@Z
(@)}
8
o’
>
(@7
(@)}

29
Db (X.@. 1+392.50 ~ 1+530.00)
0.00m
ENIGANEIAKEE ATIODEZEIT y=225KNIm?  ¢=5 KPa ¢'=30° Eoes=25 MPa ko=0.50  k=2.3 107 mfsec
2.40m
6.40m
TEAOZ
Da1 (X.©. 1+530.00 ~ 1+565.00)
0.00m

ENbANEIAKEE ATIOBEZEIZ y=225 KNfmé =5 KPa ¢'=30"

Enr25MPa  ke=0.50 k=23 x10°° msec

GRoI3UL G UORUUORT Eed D Od0) ®@G®E R0 g5 U/ e

Da2 (X.©. 1+565.00 ~ 1+585.00)

0.00m
EMNIDANEIAKEL ANOBEIEIE ¥=22 6 KN/m? c=6 KPa ¢'=30° Eoed™25 MPa  ko=0.50 2.3 x 10° misec

2.40m

4.40m

20.00m

36001 ¢ £& O RGEH U

[0}
N¢
'El)



30

GUOERUgU UO6 ®d0AO006

Da3 (X.©. 1+585.00 ~ 1+600.00)

0.00m
EMIMANEIAKET ANOBEIET Y=225 KNIME c=5 KPa §'=30° Eneq=25 MPa ka=0.50k=2 3% 10° m/zec
2.40m
4.00m
13.00m
28.00m
TEAOZ
GROWB: G URUVUURT E& U DD 0430 ®@@®RE RV g U/ ik
Dc1 (X.®. 1+600.00 ~ 1+660.00)
0.00m
¥=22.5 KN/m3 c'=5 KPa ¢'=30° Epe25MPa  Ko=0.50 k=2.3% 10° m/sec

ENIMPANEIAKEL ANOQELEIZ

i37: G URVUURT Eed D2 OO @BGRE R0 g U/ ¢l

3000 UBOREK O AUl 6 U



31

GUOERUgU UOO *dA0HD
Dc2 (X.©. 1+660.00 ~ 1+681.29)
0.00m
EMIOANEIAKEY ATOOEREIE y=225 KNim3 ¢'=5 KPa 9'=30° Eou=25 MPa ko=0.50 k=23 % 10°° m/sec
— 2.40m

5
GRETUUEGT o P- U Pp. 0. i . E o  Enm
JoRe Usl o G5 Ud(Mpa) M Mpay CMPR TN g
KOEGUT UEUE 20| 1+585 | 1+600 - - - - 0.005 30 -
0b0e Ul Op UA| 1+585 | 1+600 | 55-80 | 17.5-23.5 21 N3 500 %‘2628' %02' (E=500)
oGRO6ODUO guay _ ] ~ .| 230- | 0.023- | 25- 400-
5900 U117 60 1+585 | 1+600 | 30-70 | 0.37-50.6 | 19 N3 S 0.6 62 1000
gUeUOT EGT & i i _
S000F U1 60 1+585 | 1+600 | 20-38 8.58 11 72 45 60-90
g O AETGREWG UT H 1+585 | 1+600 | 1283 (36)* 7 - 0.127 50 | 60-150
Dol UBWOI URUURT Eea&d ¢ Ud A 0U0bd Obclp[o®@b@E FOES U /U0
GURUUORI Eéeu DdOGOT ORI U Dc1
p.U0. p. 0. o _ _ (i En
GRETUUEUT ¢ Fu o6 gal o ©S! Ud(Mpa) m; E (Mpa) ¢ (Mpa) ) (Mpa)
KoEGUT UEUE &§ 1+600 | 1+660 - 0.005 30 -
00 0& Ul O UA 1+600 | 1+660 | 55-80 | 17.5-23.5 | 21N3 500 0.22-0.68 %02' (E=500)
o R6doUO gha ! ] - ! ] 25- ]
59008 011 60 1+600 | 1+660 | 30-70 | 0.37-50.6 | 19N3 | 230-3639 | 0.023-0.6 | ‘o | 200-700
gueUuOT EGY & _ !
3000t U137 60 1+600 | 1+660 | 20-38 8.58 11 72 45 | 60-90
gdAEl Eeud G 1+600 | 1+660 | 12633 (36)* 7 - 0.127 50 | 60-150
Dzl UsBOI ORUURI Eeaed ¢ Ud A UU0d OPc2o[do@EMA FOES T /USED
GORUURT Eet DdOGOT O6RT U Dc2
Gﬁé‘l UUEG\l ..,p - “U" . ”p '“U“' li’jci . E| 70 Em
Uo RO Ul 0 ' (Mpa) Cpa)  CMPa) OO0
K¢ EGUT UEU
g 008 @i UE 1+660 1+681.29 - 0.005 30 -
050 0e Ul O U  1+660 1+4681.29 | 55-80 1273% 21R3 | 500 | 0.22-0.68 | 60-62 | (E=500)
gueUOl Eal ! !
TO00F U1 6 1+660 1+681.29 | 20-38 | 8.58 11 72 45 60-90
gdAET EeuO (¢ 1+660 1+681.29 | 12833 | (36)* 7 - 0.127 50 60-150
‘GEVT UEUeg dGuoUEGE
30007 ¢ £ O6K HoRpiEiH U




(@7
(@)

32 GUOERUsU UO6 @&®0A

19000
19400
+680

YNOMNHMA
Texvnrég Enixozig kar Enipaveiokég anoBéoei

AofeoroAiBikd Kpoxahonayés
'EVTOVQ anocaBpupEvog Kal TEKTOVIOREVOG

AoBeonmikog MeTowappiTng
IoxupOG KaI PETPIG TEKTOVIOREVOG

. AoPeommiko¢ MeTowappitg

MeToyappitg

MeraiAuoAiBog
GROIBM: 3EeOUAIUAET ¢UDEORG giotFeaaWEO GRUU 606 _2GWOCW1I80S101C GKo. 1/ 4]

3000 oUBOAREK D AUG ¢ U



GUOERUgU UO6 ®d0AO0OG 33

323 a1 UGE HOOUGYPOOEORDO UOT UEUGa00T UOO

GUO ¢Udul UUAGEO &U ¢o0UATUUOOOEE@Us ¢UBEADUGEG URI

ROEGEY Op OEgeEe Ul AEU UET eUOUUGeU6@ UO6 UY BT ULUOO UEC

UEO60061T &l EO 4 EUUON B0 dzoU@ytK P O EW G & OUT Ok 006 ¢ OSE£O

ROEGEY Op OEgeEeUl a0 eAe2U OGREYUUEGT U eUUAL Y oe0b UR
U UaUEe@ UeOi OoesU ¢ 06 oBO&aCEIE: BBET GU T eBED adl

3231 GUUeT 0O D EOGUWWRIE GPBOUAAUO UEGWDERIDOREUEOD (
1+392.5 -1+681.29 )

G000 Goda&Ud ¢0d ﬁaU E() ¢oOaIU¢uUUI uUE |¢oaufa T0O Agl O
GUEO e&GUEO T U EUEUgUUSWI telEE 0pBUIDGead RO 00 UEEG TR EE U é
e0pB0 U0UPO6 Aroadheadero. GUO GET UsO U6UL eods6i UUUE
ROQPOGE UeoEeUEenl eUE E UGUdY OAg UURIT Eedal O@¢ERI eUE
UET g9gg§ggoQODZ 3KgdzDZ g. K

GUT GRTW UU GUOERUSU UEO 1V UEx20OEG Ud& O=d A O WEHAIE® BIOE & C
UEO GOdUAAUO OdEaulUT, U1 £ OAU T U UET UelDE AJdaug W1 6
GeodOual UUOORUUBaoBBREAUSGRUGT ¢l UEGSRT, w@elRT ¢ 0 Of
P OU0a¢pOs, 0OTa GU eAPOEUO eUUEAOOSUDO ¢o00al UpulUT eUE
QUUA UEO UTUIUGUEO UEO UVUeteUi@dOUePpEeIEOLEUOOEDD 6§ B
(Y0 UE T &20u0 URT ¢UGUBUGT &I RT 0 UGHRIHRIE) ,0 6R diEpIUEIT G
Oe UEY RY &1 RI 0 T Eéal feeeal 70 UO UITUsGUOERO

o O @®eU Aaud 1T U0 C
o g0 ¢O0GOGUN RT UAeosdsRI, ¢O6 GdeAl 061 GUO G0OdUBO
(UpUgUEGE Go6T UUIUVGUG® UGGEUI VUsUO > 1.30 AEU UET A0
o 30U VT ET UEUddxUE 0Oe Wdhelblida@iddaikoo 0o, evead uUl
61T OOUUUEUU UT UGEUT OY @0 UEO &l UUGEOG, U ¢UdsoURGE
o gUbUUROOT U &AET U ¢o0Ou¢oAUVUEU aaUU 10U 1YEI UEUGOE
090 OGUBOETEDO GETUIUEeA eUUA T ga0E 0EHOO ESUWA ABG,
AURT UUdEe £ RUBUeUEdDEGUEe A& U006, UpOGdOUAOT UUO UI
aUdEeulUUOO @edEUGOEO GRUGEUGY OU UEO ¢0OGROET @O ¢
pUBUT Od0GOGURI eUUA UET uEAI OETE UEO GWOUAAUD
QUUA T 2600 UE® d@oWABRDAM EE T 01 2UE ¢00x2al 090 UE RO
UeteUG@O eUE A UGEO o06¢0OGUQBOETEDO (¢gooEed QGEUUOYT @ o
b UOEAD AGOT UUE GUE G611 &@RUEU

N«
R=2
Cc
O
R=2
m
D
O
[0}
¢
'El)
§)
mng]
C



34 GUOERUsU UO6 *0A0S6

o
Co
Co
—_
D
B

(@
o m
D o (@} FH‘ Ce cCc (@}
[14)

D
as D

Co
—

—_— — [
m»

(S < SN
(@)

™ ™ C
Ce
X & m
Co 04 Nl o C* —_
Ce
£ o

s Cc
- = m

—;

5 —
- O Fﬁ‘ (=

Ce
(@)
my-
Cc
C
p ="

(ex)
(o))
m»

O xR g Mme =

o C
4 ¥ ¢

D
Ce
G
O ® Qs Cc [mp |T!¢ |'|'!) O ™ O C¢ Fﬁ‘ p)

>
X

=
-5~
D

(@x)
(o))
(@)
o=
Cc
- G C

@ [T
(@)
™

—_) -
m»
D
m»
c
C
m:

O Co
(@)

O I
o -
m»

D

c

Co

m»

Q»

c

(@)
<
m»
(o))
[S)
[(e]}

(@)
+ _» N
o <
o
= W m»
&
%‘k -
C
O
C
(o))
C
m
o
C
;i O

i'|'|¢ [SNEROY o (27 )
ul

- C( ~ Co
e
=g
O
(2]
D
Ce

Cc O
(@)
O

i el = I =N N (o
(@)
¢
- o
(=
m»
O Mo
D:
m
D
(ex)

0 e O -
(@72 j P

SN
® O~N O O o @
B o
)
+
w

)
O O ©
C
X

&\ =
(@)
' o

(@}
(ex)
ey
e
o’

GRQ300: go¢Eey FEUUOT & ol U B OHRANGIIZ oEsEE O o .

(@ ={
(e
Ce
(@)}

o C
Q
(@]
o
=
o
&

, B
‘E
. &4
R
(e
'&
> R
E
@
@z
O\ mt

o ol Fﬁ
Co Co

o O &

O) . [ m»

@

0

goouUutUIT U Golcroé BE

(@)}
E=2
[N
O
m»
m
E=2
O
C
>
C
@ 4
ar '
-@ )]
O
lang
(=23
SK
c
Ce
3
O
(=2

UpO6b U¢UEUUﬂUTUéEUE QE G
Uo A

3000 oUBOAREK D AUG ¢ U



GUOERUgU UO6 ®d0AO0OG 35

UAeUBEU ¢1 o RO ¢UeURT &l U a0 Oul26G mthO elUEe @ God 0o @s EB Ul &

GgooEEd YEUUOT @ o1 UGEDO HOOUGUDBOETEOD | o

GUOYGRT U YU UE 101 &al&e OQ) QU (UG EOAGQ T B OU GBUVUDU @R E On
pU0dsom6 GPEBT ¢UBEORY UO6 AURUDRR2Ee Ofp ¢maEe5 O£2ROUV06D
p.a+585), uU¢0O6 eUE UsRU 0?wo¢&®m®'EEU@U&@%@@EG&“E@
DedeUGH@T Eeed AdUT 120 E U6¢Eeyw uoO@ UEUUOT & ¢o0al &
adUROT @E®UO40 6 50 Q UEUUOY @ oUd 1¢0O0Us TU UGUD
AURUEIBROU ¢ o006 OF OEaT U Gid+ 5D3b0 Ua¢ﬁ1()l]JLiEEI§T92 50 006 UsRU O
eldd ¢ UBDWUBEOUERL T U OVl AET aKietEsIgeEe 0 UUE GUET ¢U0d
P ge 00 UG UEOOAGDoUs 1T U0 aiU@iou Ue 0B WK ﬁ@@¢&@aué¢mui
U1 UE Udl mMOnRRBRID 1REUGOdDO0OPOBEGE eUepul O UO V1096006 0O

g

GRQIBU1: go6¢EEd JEUUOI @ o1 DGEGUEHRU GG 00
Q eUUUGeVUsUGUEeY UeOl Ooepl OED EUB O S0 0 @ WahieU il
®#RUE ¢0O0BS0OMEGEKU UsUg 0O&YOrRVDODBWOULE UepdaudgwEmrdOsd 5
ET O¢l EGY &nGT VOUBDEe2d 461 UO, U906 UPUEUBOHUNMIEUE OE Go
00 OGUPOETE ¢0oUVUAVBUODPDEOBUOUE UdoouuUT UG Gbdol Eé OU ¢ A
ROGOGE RUIVauED®PO UERESD® RUOGEGNT mABUE] eUOUEIaA0®S ¢ 0 OC
O A6 UBOG0O6 ¢o6etT &l U 70 0VeUOT VUouT UTI O BeododouulI U eUUAE
UOp Oe&eUEGE UEU6006T I EO @®UdUGBED ¢To”aééo (elepmant -
T 0 UAeUOBGEU BRI &bROGHPUEUO UO T UOOOSmHMMO GUEDGEEED U Eé
15t & 20t .
GgooEegd EUUOI @ o7 UGEO HOOUUBOETEO 1090
Q g60EEed EUUOT @ o1V UGEODO HOOGUDBOEITIEDO 000 RROSAUUUE G




36 GUOERUsU UO6 *0A0S6

E=2
>

GEO H$OGUGBI BEA Odiddd,y OF edwd &l Es U
OV EFAaUBT P EFEBOIROT £DUG UGSIO e Ut
g Ul C pduUBAUVGED.

Co © O
C O ©
m: ©

—_—

=g

GROI3UM2: §ooEed gEUUDE @ BOOEEDG IDERD § U/ e

6 & ¢ U0 HilEeOn eulEia) OO (o Ou pQm sk ALY B EGEl U@

GOU@BEuYT U1 O Wepoda upEROa d 5
T00,60bp &b MU UEHOVIUBERSG O E

o O ¢ QodesObED. PICRG afl BT RO &1

GROIBU3: go¢Eed GEUUOT O o7 UGEDGHOBRUGUEERHE o002

3000 ¢UBOARERD AUG S U



GUOERUgU UO6 ®d0AO0OG 37

GROI3U4: ¢gooEEd GEUUOI ¥ o7 UGEDGHOBDRUGVEERHEE o000 A

O UET 1 WEO eUE
UsgU UEO A& OaEO

U 7 @00k O] ZDET & U

UOT Eeu Go&Ud UUBEGT

N«
R=2
Cc
O
R=2
m
D
O
>
¢
.Eb
§)
mng]
Ce



38 GUOERUsU UO6 *0A0S6

GROIIBU5: JgooEed GEUUOT @ o1 UGEPGHOPEORUGVEERHE oool

Gol OT Ee £ UgRIE (Fe gFoipEeelm GUIEUUOT O o1 GEID T K@@ WG o o0Bd B OF eqdol
p006 MU 50900 Eed GEUUOI oo d@i@Oobup DG ODDEXEDOE ¢HOGESD 2

GEUUOT @ o7 DOEOERIODHYA GUmMI gedd ¢UVods UU 24
UEU &0 ¢ Ud aoelEreln allesOi D620 Ueklo WohEea R 88007
PUN+3BAE31.29 0 ¢ RO GROUE A0 UEENBIDOHGL =BBBO
001 PUVOEORY Ul UEUGx0 OEYOAT WDRALS®
o)

aoil ¢ OUT ¢Ud OB GEAAOI
é U UC U

m
c
Cc
(@)
(a=
m»
[p))
m

3000 UBOREK O AUl 6 U



GR @36 J DU Bé & 5 ‘ @O GEUUOT 3O B y[o & EDU GG RTINIGVWBDTERDSD o 9




40 GUOERUsU UO6 *0A06

J UBE¢gA) GULEGLTARE BUKE 146 z¢TBIE L= 4.00 m
BYBY Tt E| 2 Y tdeg UAL
DRAINAGE HOLES 146 L=4.0

ENGTH

KT¢gB?2 K3 BZK?B ETINBpPAKZ)] ZK¢gqUB3 Y)jiBIE 10 cm,
WHEREVER REQURED qQUstEZAK?B ZAK @BZtTB UYsAKiz) ¢188 EgB? BUpMBB ¢Asi
T)UANKGgE T)t £t?BUSELEZA?B U] jBIE 5 cm EgBIE

i1 s3cbpt?B PITEgIqegB Ys | tELB 4 A) dpq? K?B ETIANBpAKZ| Y)jiB3IE 30cm,
g3 B3 PANTEX H1 180/32 jJ?] 1.0m

B 7 K ¢188 Egg? ) ?2q T)t T)¢éaq YY) NKt)
4B
H1180

Mt ) FA¢EBLt Eqs¢?KE UABYUY ROLEFOBABADBR E ) E LT "Bag g TBIE
0114/100. 1 EA ot) ¢Agz)] D =12.00m, zA 7] ¢800FFE A T ) ? 21,508 x2.00m (17 ¢ Az j)t]
| T¢L?2eT¢ TstE¢ 6A, 2] 8.00 qa¢ ), EK
] ?BRETAE | BBEF| EALE 0.40 m, EA
UBsB(FEJI?BsB ¢AZ)jtq? 26)
= 146. 3mm
DRI L

ERY 8.00 m

(4.00 m A ARC IN TH

CROWN (26 PIECES)

Y) UggtTARE J GTINQEALE BsBEQqZEE

OKABIE|E tT)?Bggg| E 15 t, z¢J EA UAEEBALME T)27) 08 |

FK YAEEBAtm¢ T)?2?2)dB j?)1.00m
- ULLY GROUTED ROCKBOLT!

FULLY GROUTED ROCKBOLTS |25, 15t MAXIMUM LOAD, L=6.00mLENGTH

15 t MAXIMUM LOAD, L=6.00mLENGTH ' L=6.

' IN ERED GRID EVERY 1.
IN STAGGERED GRID EVERY100m ) STAGG Gl 0om

FABFTIKF7 ATKVPCFFI7 CAOTOUHT AKTC
TFPOY7AT IKANOTHTAT “ &= VMHKOYZ 1 =60

BALtB AULFAAUBZA?2qd EJIOTSEEAQ?
/ CORVERGENCE LMIT .

/ +

PEAIAYZK? ¢ URZK e A a) B ATET| Ug E -
WETF3Q¢BI Us) LELBI / STPTTASE DXCAATON - \ Ot AIANYZA?¢ UAZAstqE¢ @tTg3q¢gB3 Ys| tELBJ
Uy UggeTAE | UTINQEALE BsBEqZ¢E Y] T /

BNDATION (ELEPHANT FOOT)
UAANBIFE| E tT)?2Bggg| E 20 t, z¢TBIE FOINDADION

FULLY GROUTED ROCKBOLTS |25, | 4 L2 + + + 4 A 4 - I AQIH K2 ALY YPL2ZLIL OADXGMIEZ IAKTOQU
20 t MAXIMUM LOAD, L=8.00 m LENGTHEVERY 100m ELFOY2A2 IKAND T A2 20 . M IKOY2 L=iswd 1
FULLY GROUTED ROCKBOLTS
= 20 MAXIMIIM 1 OAR 1 =822 IFNCTA FVFRY -
_—t

AKE) " E" el
DETAIL"E’ s

AKYt UA @B ¢ ABjtq
TRACK LEVEL

@

F¢qQE¢E 025,
F L=4.00 m jJ?)] 1.00m

Uy Ug ¢t TAE | 0 Z e

UAAB 2 i

FULLY GROUTED ROCKBOLTS 125, RECIFE B
10 t MAXIMUM LOAD, L=4.00mLENGTH EVERY 1.00m & B

ED ROCKBOLTS 125,
0t MAXIMUM LOAD, L=4.00 m LENGTHEVERY100m

—
= B
|

AL?B3 BIUZK?)
N, QUStEZA?B A pBZt7B
AKE)

|7 EgABUBI gB?2BJI Y| |jBIE 30 cm, qUpLEZ
U Klz) ¢188 Fgg?2 | 2q Tt T)dq Y AAL)
TINAL NVERT $HZTCRITE 32w, RCINTOCCD W TH 7158

|

KT¢B?>K3IBA?B ETIANB@mAz| ¢AstTBJ umszL
2B

|

TFUPRARY INVFR™ SHAOTCGSFTF 3C em. R= NFORSG=D WITH
GR@I3W7: OQUUUGeUVUsUBUEed UeOUDOBRBSO gbPYEEOOHG BgBERE LDO GRUENMREWHS7C307C)
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YMNOMNHMA TEXNIKOMEQAOIMNKHE XAPTOIPAQHEHE /
LEGEND OF ENGINEERING GEOLOGICAL MAPPING

TexvikoyewMoyixi) evornra A / Engineering geological Unit A (G SI > 50)

MewuAika pe Bpax@ dn cupmrayr dopr, kaAdy £w ¢ uynAdv yewpnxaviky idotiTwy. Evotabrig oupmepigopd kara v
exoxa@f] aAAG pe Suokohie oTny exokayipdTTa Adyw uYnAey avroxwv. /

Massive rock mass of good to high geomechanical properties. Stable behaviour during excavation but with difficulties
due to high strength

TexvikoyewMoyixij evérnra B / Engineering geological Unit B (G Sk 40-50)
Mewulika pe Bpaxwdn dopn, pérpiwy yew pnxavik@v idiotiTwy. Evotabig oupmepigopa Kard v eKokaer pe Kakj
exokayipornra. /
Rock geomaterials of fair geomechanical properties. Stable behaviour during excavation with good excavability
TexvikoyzwAoyixi evérnra C / Engineering geological Unit C (G Sk 15-40)
MewuAka pe pérpio éw ¢ aoBevii Bpaxwdn 1076, pérpiwy £wg MTWXAY YEw pRXaVIKDY 1IB10TATWY

EuBpurrn £w ¢ ko KaTaminTous @ cupTrepIgopd pe duoxépeieg Kar@ Ty ekoka@r 6ou Ta cuvavinBévia yewuAka
CI 1afivopribnkav pe GSI kat MR pikpdtepo Tou 25 (GSI<25, MR<25)./

Geomaterials of fair to weak rock structure and weak zones of fair to poor geomechanical properties
Friable to afterbreaking behaviour with difficulties during excavation where the encountered geomaterials were classified
with GSI and MR lower than 25 (GSI<25, MR<25)
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e UT TET U GOR

AZIBEZTITIKOZ METAYAMMITHE éw¢ AXZBEZTOAIOOL. Twpdcéwc KﬂOTGJéC. 10XUpd¢ éwc TOMIKA TTOAU 10X Up GG, UYING
£w¢ péTpIa amooaBpwpivog, TOTKA pE o§s|6|a aidfipou oTiC tTI'lQGV{I{C AOUVEXEIWY, PE 0aQR Kal Acmompwumwcn
Qokiwon. Epgavileral Tuxwpévog, TOmKG Sieppnypévog Kal £ival Katd B£0€1¢ EAAQYPG KAPOTIKOTOINUEVOC. /
CALCAREOUS METASAND STONE to LIME STONE. Gray to brown, strongtolocally very strong, fresh to moderately
weathered, locally iron stained andthinly foliated. The formation appears sightly folded, locally jointed and slightly carstified.

Evaant; AZBEXTITIKOY METAWAMMITH pe METAIAYONOO. Tegpoc £we morcvorwpoc unplu 10XUPOC £WC
10%Up6¢, EAaQpd Ewg péTpia mroooepwucvoc pe aoagn @oAiwon. Epgavileral MUXwpEVOS, TOMIKA EAa@pd Slatunpévog pe
TANBW Pa AORECTIT OTIC EMPAVEIEC AOWEXEIDV./

CALCAREOUS METASAND STONE to LIME STONE. Gray to brown-gray, moderately strong to strong, slightly to moderately
weathered, foliated. The formation appears folded, locally slightly sheared with abundance of calcite in the discontinuities.

EvaMayic METAYAMMITH pe METAIAYOAIQO, ps £TIKpATNon Tou Tpw@Tou. Kaotavdg £we mpdovog, PETplia 1oxupdc £we
pérpia aoBevrc, EAagpd éw¢ péTpia amocabpw pévog, Pe péon Ewg AemTn goAiwon. Epgavidera mTuxw pévog, Sieppnypévog
Kal TomKa Siatpnpévog. Mohd ouxvoi Siamotiopoi ki GAeRidia xahadia mapdAAnAa Tpo¢ T @ohiwan. /

Alternations of META SAND STONE and META SILTSTONE, with prevalence of the first. Brown to green, moderately strong
to moderately weak, slightly to moderately weathered mediumto thinly foliated. The formation appears folded, jointed and
locally sheared. Frequent quartz veins parallel to foliation.

EvuMuvzc METAIAYOAIQOY pe METAWYAMMITH, ps £ mKpaTnon Tou Tpwtou. Mpdovog £wg mppog pérpia aoezvng
AaQpad fwg péTpia (m'oooeowucvoc P TOAU AETIT @ohiwon. Euoavn(swl Olmunusvoc TTUX WPEVOC Kal TOTIIKG
Sicppnyuévog Mol auyvoi diaoriopoi Kar @AcRidIa xaAadia TapdAAnAa Tpo¢ mv @oAiwon. /

Alternations of METASILTSTONE and META SAND STONE, with prevalence of the first. Green to grey, moderately weak,
slightly to moderately weathered, very thinly foliated The formation appears sheared, folded and locally jointed. Frequent
quartz veins parallel to foliation.

METAIAYOAIOOE . Npaocivog, acOeviic &wg TIOAD aoBeviig, EAappa &wg PETPIa aTTOCABPWHEVOS, E aVAOTWHOUUEVN
@oAiwon TTou ouxva @épa ypappés ohiotnong. Epgavieral éviova Siarunuévogkal TITux wpévog. TOTTKG epgavi{ovTal
aKavoVIoTa OWPATA EVAAAQYWV UETAWAPITN Pe YeTaiAudAIBo kadwg kal PAeRidia xaAagia /

METASILTSTONE. Green, weak to very weak, slightly to moderately weathered, with anastomouzing foliation with frequent
slickensides. The formation appears intensely sheared and folded. Locally, altemations of metasandstone and metasiltstone
of erratic geometry as well as quartz veins are present.

METAIAYOAIOOE . Teppdg, aoBeviiG éwg TTOAU a0BeviG, EAAQPA aTTOCABPWHEVOS, UE QVAOTWHOUUEVN QOAIWCT) TIOU CUXVA
@épa ypappés ohioBnong. Epgavideral évrova SiaTpnpévog Kai TITuy wuévog. /

METASILTSTONE. Grey, weak to very weak, slightly weathered, with anastomouzing foliation with frequent slickensides. The
formation appears intensely sheared and folded

XAAAZIAKH ®AEBA /
QUARTZ VEIN

(@7
>
m
(o))
Q
O

@ )
T 00070 ORI GRETUUEGYT Gl @Ol Ve
pO06 UT Ul UleE el d AR WO U £

eU0AE UVBEHE E Al C‘)ET
OCeald Tu0 o&aE@NDO O A9 O E



GUOERUgU UOO *dA0HD 47

RY WhEAeUAG®» UO e UE ¢o00OeUEY &l 06 |1
RO 1 0l ¢eO& OV @D @@El‘ém’ﬂﬁd&@@@mﬂfz@“ E R
1 E 0@ RWDU G el 6 UiEaed@)OU O U0

ADE GUO UrY 00 UC

QO GgO3 DKdxDPQ K3I§oguKdDZ U
v

m
—_
C
D
=
(4
—_
ey
g
B
R
& <

w

m

¢

c O
B

(e}

O

B
£

(®)

el

¢

[0 =]
5 —
>

m»

Ce

o C

o M
>

&
B8
o

e OO G =
R oS ® o mc g ¢ O

[

m»

Cc

Co

s — Co
o G O) =)

(@%

o O

m ©

m

@ O
C
Ce
[
(e
&
Ce
—_
E§
by

< O
(@Z
o
%
D
=
== s
Ce
<
Ce
o

«
™
Ch
m: o
&

(@)
S O
s Ce Fﬁ‘ Cc O C Cc ™ Cc

s > I>» O T ™
puy

[O)
[am)
o

Co
(@)
[a)
—t o S O = o O ;Uﬁ-e-

_;O

; O Mh M C¢ Co Co
D

o
S

5

U¢E
v

5 G

o U0 E
O 2 R EICHRIE ST O
b o

V)

(@)

O M & Co — <
Q»
Co Co C¢ =g

O S > @ =
m C Co € [m
C TG
— —
> W C
X ¢
m
C m

[ON[3
Ce
=k
(@)
Ce
m»




48 GUOERUsU UO6 &*0A06

EHKdD s UEO ¢
E UAeUOUA£aUUCGCE
a6 UEY £ORT , eu

w

A~ N

&00 E ¢ U Qe eARIREse@iBe WE (ORRD O O .

UE UEUeéeods1 Ol UUE OE de Al
i U066 UeOl Ovew

- - 5
F

mh

GROI36: Ge A1 UO U1

G0 D66 & UDA dz0 O 6ok dzo

3000 ¢UBOAREK D AUG 6 U



GUOERUBSU UO6 *0A06 49

GROWBR7: G UT Ee g M@ BUD sUERA ( UU DK O GigoK dzo

GROI38: HI) UAUEDO A1 OEAT U UEUVU606T &l EODREDEPKEFEO UO6 GUUEYT OO0




50 GUOERUgU UOO6 *dAO0OG

[(@}

O
ao Co
o
m —
Co ¢
iy
Co O
o m
= -
(@4
o
C
™ ,
co
o =
o &
™ Co
Cc >
m N
C e
m
O
=
a O
=
Ce
=
o C
(@]
(SN
Ce
Q
(@)
i)
(ex)
m»
C
O

_™
Ce
(@)
(@7
m»
Q
C
Cy ©
m: m
-
i
e
m»
Ce
'—\
N
E=2

— T QO
D
([ex

B o o o

MM Cc¢ S0 Cc Cc O [M» s
m»
C Ce

C &o
o
b))

C = O o
R=g
O
m»
[ SN ) Q\ Co
(4

o ™
- O N om
Ce

D
C
O)
)
m»
(o))
Ce Fﬁ
Co
C
o O
m»
—_ X
([ex)
S}

O
G O
e

G m
’ 8‘ C ¢ > @
m»

(@]
—_— =

m Ce
;s C o Co
(@] -
Y o =

m»

ml

e

[\

S Co O & I

o
Ce
N O ©
D O
C

- —
(@)
>
O
> O
5 O
= N e i =Y

e 8‘ <
(@)

D> —
Co

e
D 8
o o ® o

o [T

e e

(O N
X»
C
m»
Co

m»
o
— =
>
O
D™

? Cc —
<=

S Cc
Cc
e
m»
(e}
O
N
E=2
O m
(e}
Co
m —
O
(@}
G o
m»
Co
c

GR@13R9: QUT UdEed ¢1 UUUsU UGG aUlUe&T O
EGUOGUT sl U UEO g

()
Lol
O
o B
O
—z [Th
o
o<
o B
o O
m

C
m»
>

GR @13E80:

GU0T O0 cDMDoEOUROEE. [gl U¢l

i EaUOGUT g0 UEOG gUUEeu 1 0UBD g. K. ]

300U QUBOREK O AUt 6 U


http://www.ametro.gr/page/default.asp?la=1&id=59
http://www.ametro.gr/page/default.asp?la=1&id=59
http://www.ametro.gr/page/default.asp?la=1&id=59
http://www.ametro.gr/page/default.asp?la=1&id=59

DBHAUT O1T UUB YA UVEOD 51

N30Pg300Q0 Qgo gDZ509g0 QQ Dz dzg Q D.
EU UEI ¢060é®ﬁ®m&ém®6m@©0®“ UG £l OBOEe UBWE 104 08IAR UG
Ol @&l UARO UEO 0GoD®hBea&li OB MOERAKRAIOIUDG BEE E®HO VU1 Eé
dpeel GAUMEEA O UOUE E UGUBdT ORWOTeRIERM A Gf 10k Gibreeddd OD2 EG EO
g0 oAelecBi A OO &U ¢0UAT UUOPOEE&Us ATWOp 86 Ul
ROEGEYT Op OE@@ Ee P i £d AO & Ul GOBDIEUER Od Bo 806 BE £0
P el 00, O WpECE VO &U U9OUUE&OUGO D1 DU B 6 &BOMO RIEDUIEe g0

7]

™ PN o O &
o O
(@
5
(a=
m
&

GO
bl
(@]
o™
Co
or [TV
D

CGGe O e O
m»

Co Co
>
D

41 OHINKQ KG DzaDEKG@G dzg 0 O

EO Ul £ZAe 0O ¢060éé‘it‘>0ééﬁéo @‘ﬁﬁ&ﬁ]é
Ul Eeg U¢ eiaunbAiEl QERIEN ET Op OE Qe i
'} ¢oOeUeOoEU|aeTL°JO
UPpEe oy UEAUUTE EOT &DBE0AAG

- e e C o
m
Gy
[ I
[(@} @b
e @
. &l
wh
[}
& C
(‘D)
o C‘




52 DB AU OV OUB QB UED

GR@M4W: Qot &l U0 ¢NADMLEO AEU
[ Sisgeo, Geotechnical Instrumentation Manufacturing Company,

Stress Cells -Instruction Manual, DA£ A: dittp://vww.sisgeo.com/
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[Sisgeo, Geotechnical Instrumentation Manufacturing Company,

Stress Cells -Instruction Manual, DZ£ A: @ittp://ww.sisgeo.com/. ]
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[Sisgeo, Geotechnical  Instrumentation Manufacturing Company,
Stress Cells -Instruction Manual, D# A: dittp://www.sisgeo.com/ ]
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Piatto sensore Tappo di tenuta stagna
T Fressure pad Waterproof cap

Trasduttore di pressione
Pressure transducer

=S - |
TEN
Tubo idraulico in nylon
Hydraulic nylon tube .

Valvola di ripressurizzazions
Repressuring valve

GROWMM: Qot @i E ¢psVGEDO 0UeUOT UbuYT UT O6 GeodOueal UUDOO Odoe OARIT EedC
[ Sisgeo, Geotechnical Instrumentation Manufacturing Company,
Stress Cells -Instruction Manual, DZ£ A: dittp:/ivww.sisgeo.com/ ]

o Q6t &l UO ¢sUVGED Uu Al O®DEBOMMED B00Em@ @
100x200mm.)

El O®D@®ART Ee g0 1 00dd

piatto sensore
Pressure pad
Cavo elettrico

Tubo idraulico in acciaio Electric cable

/ Hydraulic steel tube

/ Trasduttore di pressione
\-______;” Pressure transducer

L min 200 mm- max 500 mm

GROV4: Qot &I E ¢oUVUGEO UuAiO6O eoel EegO T 0d3G0P0.

[Sisgeo, Geotechnical Instrumentation Manufacturing Company,

Stress Cells -Instruction Manual,  DZE A:@ttp://www.sisgeo.com/ 1
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Dcl (X.0. 1+600 ~ 1+660)

0.00m
EMIOANEIAKES ANOGESEIE  y=22.5kN/m* c=5kPa @=30° E=25MPa Ko=0.50 k=2.3*105m/sec 5 40m
KPOKAAOMATES y=24kKN/m?  c=50kPa @=40° E=500MPa Ko=0.50 k=1.0*105m/sec 4.00m
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;;;;
MM y=225KN/m*  c=2631kPa  =20-33 Em=60-90MPa Ko=0.50-0.65 k=174*107m/sec
18.00m
APTIAIKOS y=23kN/m? 26kPa  ©=27-29° Em=60-150MPa Ko=0.50-0.65 k=1.34*107m/sec
SXISTONGOS
TEAOS
Dc2 (X.0.1+660 ~ 1+681.29)
0.00m
EMIOANEIAKES ANOGESEIE  y=22.5kN/m* c=5kPa @=30° E=25MPa Ko=0.50 k=2.3*105m/sec 5 40m
KPOKAAOMATES y=24kN/m?>  c=50kPa ©=40° E=500MPa Ko=0.50 k=1.0*105m/sec 4.00m
Lﬁ%ﬁmﬂg y=22.5kN/m3  c=26-31kPa =29-33° Em=60-00MPa Ko=0.50-0.65 k=1.74*107m/sec
13.00m
APTIAIKOE 3KN/m®  c=22-26kPa  @=27-29° Em=60-150MPa Ko=0.50-0.65 k=134*107m/sec
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