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Problem Set 4 (submitted individually by each student)

As part of the construction of the new Line 4 of the Athens Metro, a tunnel is to be excavated
within the Athens Schist formation. The tunnel excavation in the section under consideration, will
be excavated by the conventional tunneling method (NATM) using mechanical excavation
equipment (hydraulic excavator). The tunnel area under consideration is located between the
"Panepistimio” station and the "Amerikis" trumpet tunnel, as shown in the following Figure 1.
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Figure 1. Project area.
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In the project area, the mean tunnel overburden height, measured form the tunnel axis to the ground
surface, is H= 20m. According to the geological and geotechnical area investigation, the typical ground
profile consists of two (2) geotechnical layers, as follow:

e layer1 - Alluvial deposits (al): Depth: Om —5m
e Layer 2 — Weak Athens Schist rockmass (sch): Depth: >5m

*Soil layers depths measured from the ground surface

On the following Table 1, the soil layer geotechnical parameters are presented, according to the
geotechnical evaluation.

Table 1. Geotechnical parameters of ground layers.

Parameter al sch
Ground unit weight (y) 23 kN/m?3 26 kN/m3
Cohesion (c) 10 KPa 50 KPa
Friction angle (¢) 25° 35°
Soil / Rockmass modulus (En) 30 MPa 350 MPa
Poisson ratio (v) 0.3 0.25




The coefficient of horizontal stress (K,), estimated to 0.8.

The equivalent tunnel diameter D=10m. The tunnel section will be excavated in three (3) phases with the

following excavation steps: a) Top heading, b) Bench and c) Final invert, as presented on the following
Figure 2.
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Figure 2. Tunnel excavation section.

The tunnel primary support, will consist of a combination of the following tunnel support measures: a)
Shotcrete, b) Rockbolts and c) Steel sets. On the following Table 2, the support measures parameters, are
presented.

Table 2. Tunnel support measures properties.

Shotcrete
Concrete class C30/37
Reinforcement T188 wire mesh
Compression strength (fc) 30 MPa
Tensile strength (fu) 6 MPa
Elastic modulus (Esnot) 17 GPa
Poisson ratio (v) 0.2
Unit weight (Vshot) 25 kN/m3
Rockbolts
Type Fully bonded
Diameter (d) 25 mm
Tensile capacity (Fu) 270 kN
Elastic modulus (Esteel) 200 GPa
Length (L) 4m
Pattern 1 x 1.5 m (longitudinal x radial)
Steel sets
Type HEB 120
Elastic modulus (Esteel) 200 GPa
Longitudinal spacing 1 set every excavation advance length




Due to the poor ground conditions, the tunnel excavation advance length, is set to 1m.

It is required to:

1.

Plot the tunnel longitudinal tunnel displacement profile (LDP), in the form of (A — x/D) and (u — x/D),
using the Chern et al. 1998 LDP method. (Using only the ground layer, where the tunnel will be
excavated).

Plot the convergence-confinement curve (A — u), only for the ground layer where the tunnel will be
excavated.

Simulate - analyze the tunnel excavation, based on a two dimensional (2D) numerical analysis, using
the RS2 — Rocscience software, takes into account all the ground layers. The scope of the simulation,
is the tunnel primary support design. It is necessary to be achieved the tunnel support design capacity
requirements, according to EC2 EN 1992-1 (liner stresses and strength) envelope. Moreover, it is
necessary to be achieved, the maximum ground surface settlement (vertical displacement), lower
than 30mm.

On the numerical analysis, the effect of the third dimension (3D), will be simulated by the
deconfinement factor (A), using the equivalent internal tunnel support pressure (p), as internal
loading.

The deconfinement factor (A), will be the same in all excavation steps.
The minimum shotcrete thickness (t) on the tunnel support design, will be equal or higher of 15cm.
For the proposed tunnel support design, the following values can be presented:

e The tunnel displacement (total displacement) on the tunnel crown, after the construction of
the tunnel top heading.

e The tunnel displacement (total displacement) on the tunnel crown, after the construction of
the tunnel bench.

e The tunnel displacement (total displacement) on the tunnel crown, after the construction of
the tunnel invert.

o The maximum surficial settlement (vertical displacement), after the total tunnel excavation.
Plot in the form of settlement (vertical axis) and ground distance - x/D (horizontal axis),
measured from the tunnel axis.

* The dilation angle (6) on the numerical analysis and calculations, will be taken: 5= /4, where : friction
angle.

The results of this problem, should be presented in the form of a short technical report, where the basic
assumptions, numerical model limits and final results will be presented.
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Aoknon 4 (vwofarieTor 0 TOUIKA 0TO TOVS POLTNTES)

Yta mAaiola Kataokeung e Mpappng 4 tou Metpo tng ABrvog, mpokettal va SlavolyBel onpayya eviog
TOU OXNUOTLOUOU Tou ABnvaikou XxLotoAiBou. H Stavolén tng onpayyag oto Tuipa mou efetaletal, Ba
npayuatonolnBei pe tnv cuppatikr péEBodo davoléng onpayywv (NATM) pe xprion UNXQVIKWY LECWV
ekokadng (USpauAlkdg ekokadéac). To tuAUa Tou efetaletal, YwWPOOEeTelTal PETALU TOU oTaBuoU
«MavemoTLo» Kal TnG onpayyog StakAadwong «ALEPLKNGY, OTtwE mapoucLaletal oto Synua 1.
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Zxnua 1. Mepioyn Epyou

JTNV TEPLOXN QUTH TO HECO UTIEPKEIUEVO HETAEY TNC 0TABUNC Tou edadoug Kal Tou afova Tng onpayyas,
glvat H = 20 m. JUpdwva Pe TO OMOTEAECUATA TNG YEWAOYLKNG KAl YEWTEXVIKEG €PELVAG, N TUTILKNA
otpwuatoypadia Tou untedddoug amoteeital ano U0 (2) YEWTEXVIKEG OTPWOELS, WG AKOAoUOwWC:

e Jtpwon 1 — AMouBlakeg anoB<oelg (al): Babog: Om —5m
e Jtpwon 2 — AnocoBpwuévn Bpayxoualo ABnvaikol IxtotoAiBou (sch): BaBoc: >5m

*To Bao¢ TWV OTPWOEWV, UETPATAL QATTO TNV EMLPAVELX TOU ESAPOUC.

ATIO TNV YEWAOYLKN KAl YEWTEXVIKN Slepelivnon Tou umedadoug, TPOKUTITOUV SU0 TEXVIKOYEWAOYLKEG
(T.E.) evOTNTEC KATA KOG TOU TUNHUOATOG QUTOU, LE TA LNXOVLIKA XOPOAKTNPLOTIKA TNC KABE LG EVOTNTAG,
va tapouaotalovral tov Mivaka 1.



Mivakac 1. TEWTEXVIKEG MAPAUETPOL OTPWOEWV.

Napapetpog al sch
Ewbwkd Bapoc (y) 23 kN/m? 26 kN/m?
2uvoxn (c) 10 KPa 50 KPa
Twvia tpBric (@) 25° 35°
Metpo eAaotikotntac ebapoug/
. 30 MPa 350 MPa
Bpaxouados (En)
/Aoyoc poisson (v) 0.3 0.25

O cuvteheotnc oudetépwy wONoewv (K,), ektiundnke og 0.8.

H 1ood0vaun Siapetpog tng onpayya ival D = 10 m, kol pokettal va dtavolyBel og tpelg (3) paoelg
gkokadng, Le TNV akOAouBn oelpd ekokadng: a) Avw nudltatoun, B) Babuida kat y) TeAlkd avaotpodo
TO0E0 — invert, OMwG MapouoLaleTal oto IyAua 2.
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Ixnua 2. Alatoun EKOKa@NG.

H mpoowplvy unootnplén tng onpayyag, Bo amoteleital amd tov okoAouBo cuvduaouo HETPpWY
umooTAPLENG; o) Ektoéeuduevo okupddepa, B) AykupLa Bpdyou Katy) Metalika mAaiola. tov akdAouBo
Mivaka 2, TapoucLdlovtol oL TOPAUETPOL TWV HETPWV UTIOOTAPLENC.

Mivakac 2. NopadueTpoL UETPWV TPOCWPLVHE UTTOOTHPLENG

EKTO§EUONEVO OKUPOSEUOL
Katnyopia C30/37
OrnAtouog T188 wire mesh
OAwuntikn avroxn (fu) 30 MPa
EpeAkuotikn avroxh (fu) 6 MPa
MEtpo eAaotikotnTac (Eshot) 17 GPa
NOyoc¢ poisson (v) 0.2
E161k6 Bapoc (Yshot) 25 kN/m3
AykupLa Bpaxou
Tumocg OAOOWHNG TIAKTWONG
Awauetpog (d) 25 mm
Ocpouoa tkavotnta (Fu) 270 kN




MEtpo eAaotikdtnTaC (Esteei) 200 GPa
Mrkoc (L) 4m
KavvaBog 1 x 1.5 m (SLOMAKNG X OKTLVLKA)
MetaAAka mAaioa
Turmog HEB 120
MEéEtpo eAaotikotnNTaC (Esteel) 200 GPa
Alaunkng amdéotaonc 1 kaBe Brpa ekokadpng

AOYW TWV SUCUEVWV YEWTEXVIKWY ouvBnKkwy SLavolEng onpayyag, To Brua mpoxwpenong tg ekokadng,
opiletal og 1m.

Znteitat:

1.

Na oxedlaotei n kapmuAn dtapfikouc mpodiA petokivioswy LDP, otn popdn (A — x/D) kat (u —
x/D), Baowlopevol otnv péBodo Chern et al. 1998. (Na An@Osi urtoyitv uovo n otpwon eviog THe
omnolac Slavoiystal n onpayya).

Na oxedlaotei n kaumvAn cUyKALoNG — amotovwaong (A — u), LOVO yla TN OTPWGOH EVTIOC TNG omolag
Slavoiyetal n onpayya.

Na mpayuatornolnBet Sidtdotatn (2D) aplOuntikrp avdlucn He ToV KwOLIKA TIEMEPOOUEVWY
otolxelwv RS2 — Rocscience tng 8lavolEng tng onpoyyag. IKOmo¢ tng avaluong, eivatl n
SlootacloAdynon twv HETpwY umtooTthpLéng. Eival amapaitnto va e€oodaliletal n mapKeLd TwWV
LETPWV MPOCWPLVAC UTIOOTAPLENG, cU bWV LE TIC amattoslc tou EC2 EN 1992-1 (meptBarouca
ootoyiag). EmutAéov, Ba mpénel va s€aodoaliletal ot n péyiotn smbavelakn kabilnon
(katakdpudn petakivnon), va sival pikpdtepn amd 30mm.

Oa edpappootei N pEBo0SOG TNG LOSUVAUNC ECWTEPLKAG Ttieong (p) LEow Tou avtioTtolyou Babuou
anotovwong (A), wote va AndBet umoPv n cupnepidopd TG tpltng Stactaong. O CUVTEAEOTAC
anotovwong (M), va AndOet idlog og 6Aa Ta Brpata — paceLg ekokadnc.

Na AdBete uTOYLV OTL TO EAAXLOTO TIAXOC TOU EKTOEEUOEVOU OKUPOSEpaTOG Sev Ba TIpEMEL va
elval pikpotepo amnd 15 cm.

Mo tnv SlaToun MPOoWPLVAG UTIOoTHPLENG Tou Ba Tpoteivetal, va uTtoAoyloeTe ta akoAouba
MEYEDN:

e Tnv petakivnon otnv otéyn Katd tnv ohokAnpwon tng Avw nudtatopns (Top heading).
e Tnv petakivnon otnv otédn katd tnv ohokAnpwon tng Babuidag (Bench).
e Tnv petakivnon otnv otéyPn Katd tnv oAokAnpwon Tou Avaotpodou totou (invert).

e Tnv péylotn kabilnon tng enwdavelag Tou £6Aadoug pe TNV oOAOKANPWaON TNG EKOKAPNG.
Na mopouctaotel umd tn popdn ypadnuatog, pe tv kabilnon (katakopudog afovag)
Kal tnv amdotacn and tov dfova tng onpayyoc (x/D), Hetpolpevo amo tov afova Tng
oripayyac.

* N tou untoAoyLopoUG oag va AdBete ywvia SltaotoAkdtntag § = ¢ /4.

Ta amoteAéopata TNG MapoloOC EPYNCILAC VO TTAPOUCLACTOUV UTIO opdr] KPR TEXVIKAG £KBEONC, OTTOU
Ba yivetal mapabeon Twv Paclkwv Tapadoxwv, Oplwv HOVIEAOU TPOCOHUOLWONG Kol TEAIKWY
OMOTEAECUATWVY.



