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Problem Set 5 (submitted individually by each student)

In an area of Northern Greece, a new high-speed railway line is going to be constructed. The new railway,
will pass through mountain and the construction of a railway tunnel with equivalent tunnel diameter, D=
9m, it is necessary to be constructed. The maximum tunnel overburden height, is about H=250 m
(measured from the tunnel axis). The tunnel it is going to be excavated through the flysch formation of
the Pindos geological zone.

In order to investigate the geological and geotechnical characteristics of the tunnel area, boreholes and
laboratory tests on the rock samples were carried out. From the geological and geotechnical preliminary
design of the project, two (2) engineering geological units emerged, with their characteristics presented
on the following Table 1.

Table 1. Geotechnical parameters per engineering geological unit.
Engineering Geological Unit (A) - Sandstone Flysch

Maximum tunnel overburden height (H) 250 m

GSI 50
Unit weight (y) 26 kN/m?3

Intact rock compression strength (o) 38 MPa

Intact rock elastic modulus (E;) 35GPa
mj 19
Poisson ratio (v) 0.4
Friction angle (¢) 35°
Disturbance factor (D) 0

2 (Top heading &

Excavation phases bench)

Engineering Geological Unit (B) — Thrust zone

Maximum tunnel overburden height (H) 55m
GSI 25
Unit weight (y) 23 kN/m?3
Intact rock compression strength (o) 18 MPa
Intact rock elastic modulus (E;) 20 GPa
m; 9
Poisson ratio (v) 0.3
Friction angle () 30°
Disturbance factor (D) 0
4 (Top heading,
Excavation phases temporary invert,

bench, final invert)

The coefficient of horizontal stress (K,), estimated to 0.4.



On the following Figures 1 & 2, the typical tunnel excavation cross sections for the project, are presented.
Section A will be used on the engineering geological unit (A) and Section B will be used on the engineering
geological unit (B).
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Figure 1. Section A — Excavation in two phases.
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Figure 2. Section A — Excavation in four phases.




The tunnel primary support, will consist of a combination of the following tunnel support measures: a)
Shotcrete, b) Bolts 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 (f) 30 MPa
Tensile strength (fu) 6 MPa
Elastic modulus (Espot) 17 GPa
Poisson ratio (v) 0.2
Unit weight (Vshot) 25 kN/m?3
Rockbolts
Type Fully bonded
Diameter (d) 25 mm
Tensile capacity (Fu) 270 kN
Elastic modulus (Esteer) 200 GPa
Length (L) 6 m
Pattern 1 x 1.5 m (longitudinal x radial)
Swellex bolts
Type Dextra DM160
Length (L) 3m
Pattern 3 x 3 m (longitudinal x radial)
Steel sets
Type HEB 140
Elastic modulus (Esteer) 200 GPa
Longitudinal spacing 1 set every excavation advance length

For the engineering geological unit (A), due to the good ground conditions, the tunnel excavation advance
length, is set to 3m (drill and blast method excavation advance).

For the engineering geological unit (B), due to the poor ground conditions, the tunnel excavation advance
length, is set to 1m.

Swellex bolts, will be placed on the primary support of Section A and rockbolts (fully bonded) on the
primary support of Section B.

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).

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

3. Simulate - analyze the tunnel excavation for the two engineering geological units (A & B), based on a
two dimensional (2D) numerical analyses, using the RS2 — Rocscience software. The scope of the
simulations, 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.

Check only the perimeter support and no the temporary invert.



On the numerical analyses, the effect of the third dimension (3D), will be simulated by the
deconfinement factor (A), using the relaxation method with the equivalent relaxation elastic modulus
(E). The deconfinement factor (A), will be the same in all excavation steps.

The minimum shotcrete thickness (t) on the tunnel perimeter, will be equal or higher of 15cm. The
maximum shotcrete thickness (t) on the tunnel temporary invert, will be equal or lower of 30cm.

For the proposed tunnel support design (Sections A & B), the following values can be presented:

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

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

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

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

The maximum plastic zone length around the excavation, after the total tunnel excavation.

* The dilation angle (6) on the numerical analysis and calculations, will be taken: 6= 0°.

** In the numerical analyses, the effect of the shotcrete hardening will be taken into account.

*** The upper limit of the numerical model, will not be higher than 5 x D, where D: tunnel diameter.

**%* The rockmass will be simulated via Generalized Hoek & Brown failure criterion (2002).

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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Aoxnon 5 (vrofaiieTal aTopKd amwo TOVG POITNTEG)

Ye meploxn tn¢ Bopelog EAAGSAC, TTPOKELTAL VO KATAOKEUAOTEL VEQ OLONPOSPOULKN YPAUU uPnAwy
Tayxutntwy. H xapaén tou £pyou Ba SLEABEL amo OpPeWVO OYKO HE KATOOKEUN onpayyoac, Looduvaung
Stapétpou D = 9m. To péyloTo unepkeipevo mou Ba cuvavtnoel n onpayya eival nept ta H= 250 m. O
VEWAOYLKOG OXNUATIOUOG TTOU TIPOKELTAL VoL ouvavtnBOel katd Stavolén Tng orpayyag eival o oXNUATIOUOC
tou ¢AUoxNn tng Zwvng Mivdou. MNa tnv Slepelivnon tTnG MEPLOXAG TOU £pyou TpaylatonoLl)dnkav
SELYUATOANTITIKEG YEWTPNOELG KOL EPYOOTNPLAKEG SOKIUEG €Ml Twv Bpaxwdwv Selypdtwv. And tnv
YEWAOVYLKH KOl YEWTEXVLKI TIPOUEAETN TOU £pyou, Tipogkuav SU0 (2) TEXVIKOYEWAOYIKEG EVOTNTEG, LLE T
XOPAKTNPLOTIKA QUTWV va tapouctalovratl otov Mivaka 1.

Mivakag 1. TEWTEXVIKEG TAPAUETPOL AVA TEXVIKOYEWAOYIKI) EVOTNTA.

TexvikoyewAoytki Evatnta (A) — Wapptikog @AVoxng
Méyioto Uog unepkeipevwy (H) 250 m
GSI 50
ESkd Bapocg (v) 26 kN/m?3
Avtox AppNKTOU TETPWLATOG OE
8NN (oc) 38 MPa
Métpo E)\QG‘EI.'KOTI‘]TCIC AappnKTou 35 GPa
netpwpatog (Ei)
MapApeTpog m; 19
Aoyog Poisson (v) 0.4
Ffwvia Tppng (o) 35°
BaBuocg Statapoyng Bpoayoualag (D) 0
. , , 2 (Avw nudlatopun
Ddoelg - Itadla ekokadig _ Babyiisa)
TexvikoyewAoyikr) Evatnta (B) — MNeploxr) EnwOnong
Méyioto oG utepkeipevwy (H) 55m
GSI 25
ESkd Bapocg (v) 23 kN/m?3
AvtoxI AppNKTOU TETPWLATOG OE 18 MPa
OAWN (oc)
METpo EAAOTLKOTNTAG APPNKTOU 20 GPa
netpwpatoc (Ei)
MapApeTpog m; 9
NAoyog Poisson (v) 0.3
Ffwvia Tpng (o) 30°
BaBuog Siatapaxng Bpaxopalag (D) 0
4 (Avw
nuidLatoun-
, . . MNpoocwpvo
daoelg - Ztadia ekokadnig AVaOTp. T6E0 —
BaBuida — TeAwkd
avooTp. TO50)




O cuvteheoTtnc oudetépwy wBNoewv (K,), ektiundnke oe 0.4.

21a akolouBa Syfuata 1 & 2, mapouactalovtol oL TUTIKEG SLATOUEC eKoKAdG TNG onpayyag. H Alatoun

A Ba edoppootel otn TEXVIKOYEWAOYLKN evotnta (A) kat n Awatouy B Ba edapuootel otn
TEXVLKOYEWAOYLKN gvotnta (B).
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Ixnna 1. Aratopn A — Ekokadr) og U0 ¢paoeLg.

N
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IxAua 2. Awatoun B — Ekokadn o€ t€oopelg PpAoeLS.



H mpoowpv unootnplén tng onpayyag, 6o amoteAeital amd Tov akoAouBo ocuvSuaopd HETPpWV
UTooTAPLENG; a) EktoEeudpevo okupddepa, B) Aykupla kat y) MetaAAka mAaiola. Ztov akoAouBo Mivaka

2, mapouclalovial oL TTOPAETPOL TWV HETPWY UTIOOTHPLENG.

Mivakacg 2. MNapausTpoL HETPWV TPOCWPLVHE UTTOOTAPLENG

EKTO§EUONEVO OKUPOSELOL
Katnyopia C30/37
OrnAtouocg T188 wire mesh
OAuttikn avroxh (fo) 30 MPa
EpeAkuotikn avroxh (fu) 6 MPa
MEétpo eAaotikdtntac (Espot) 17 GPa
/\oyoc poisson (v) 0.2
E161k6 Bapoc (Yshot) 25 kN/m3
AykUpLa Bpdxou
Turmog Fully bonded
Aauetpog (d) 25 mm
Oépouoa tkavotnta (Fu) 270 kN
Métpo eAaotikdTnToC (Esteer) 200 GPa
Mrkog (L) 6 m
KavvaBog 1 x 1.5 m (SLapRKNG X AKTIVIKA)
AykUptLa Swellex
Tumog Dextra DM160
Mrkog (L) 3m
KavvaBog 3 x 3 m (SLopAKNG X OKTIVIKA)
MetaAAka mAaiowa
Tomoc HEB 140
MEtpo eAaotikotntac (Esteel) 200 GPa
Alaunkng amoéotaonc 1 kaBe Brpa ekokapng

Mo T TexVIKOYeWAOYLKH evotnTa (A), Adyw TNG KaAng molotntag tng Bpaxopalas, To BAua mpoxwpnong
oplotnke og 3m (koG mpoxwpnong Lebodou duatpnong - avativagng).

Mo T TexvikoyewAoyikn evotnta (B), Adoyw tng mrwyng moldtntog tou e6adoug, To Bripa mpoxwpnong
oplotnke og 1m (unKog mpoxwpnong Lebodou dlatpnong - avativaéng).

To aykUpla Tumou Swellex Ba amoteAoUv PEPOG TNC TTPOCWPLVAG UTIOOTAPLENG Yia TN Alatoun A Kal Ta
aykUpla Bpaxou, Ba amoteAoUv HEPOC TNG MPOCWPLVAG uTtooTthpLEng yLa Tn Altatoun B.

Znteital:

1. Na oxedlaotei n kaumvAn Stoprikoug mpodiA petakwnioswv LDP, otn popdn (A — x/D) kat (u —
x/D), Baowlopevol atnv ueBodo Chern et al. 1998. (Na An@dei urtoyity uévo n otpwon eviog e
onoiag Stavoiyetal n onpayya,).

2. Na oxeblaotel n KapmuAn cUykAlong — amotovwong (A — u), Lovo yLa T oTPWon EVIOG TNG Omolog
Slavoiyetal n ofipoayya.

3. Na mpaypatonotn®olv didtdctatec (2D) apOunTikéG avoAUOELG LE TOV KWOLKA TIEMEPACUEVWV
otolxeiwv RS2 — Rocscience tng SLavolEng tng onpayyag Kot yla tig 800 TEXVIKOYEWAOYLKEC
evotnteg (A & B). Ikomog Twv avaAuoewy, gival n SLacTACLOAOYNGCN TWV HETPWY UTIOOTAPLENG.
Eival anapaitnto va e€aodalileTal N EMAPKELN TWV LETPWVY TPOOWPELVINE UTIOOTAPLENG, oUUdwva
UE TIq amattioelg tou EC2 EN 1992-1 (mepiBaiouca aotoyiag).




MNa va AndBel unoPwv n enidpaon tng Tpitng didotaong ot availoelg, Ba edappootel tng
OUYKALONG — aImoTOVWOonG, LEow Tou Babpou amotovwong (A) kat ebapudloviag tng LEBodo g
XaAdpwong, Pe To L.ooSUvapo HETPO eAacTikoTnToC XaAdpwong (E).

Na AdBete unOPLV OTL TO EAAXLOTO TIAXOC TOU EKTOEEVOLEVOU OKUPOSEUATOC, OTNV TIEPLUETPO TNG
ekokadng 6ev Ba mpénel va elval PKpOTEPO ard 15 cm, VW 0TO MTPOowPLVO avaotpodo ToEo dev
Ba mpémel va eivat peyaAltepo amno 30cm.

Mo TNV Slatopn mpoowpLvng untootnpLEng mou Ba mpoteivetal (Atatopég A & B), va umoloyioete
TO aKOAouBa peyedn:

Tnv petakivnon otnv otédn Katd tThv oAokAnpwon tng Avw nuidtatopng (top heading).

Tnv peTakivnon otnv oteyn Katd TNV 0OAOKANPWaoN TOU TPOcwPLVoU avaotpodou ToEou
(temporary invert).

Tnv petakivnon otnv otéPn katd tnv ohokAnpwon tng Paduidag (bench).

Tnv petakivnon otnv otédin Kotd tnv oAokAnpwaon Tou teAkol avactpodou totou (final
invert).

To PEYLOTO UNKOC TNC MAAOTLKAG {WVNE LE TNV OAOKANPWON TNC EKOKAPNC.

* [ta Tou unoAoylououc oac va AdBete ywvia StaotoAdikotntac 6= 0°.

** IT1c avaAuoelg va An@Psi urmtoiv n okAnpuvon tou eKTOEEUOUEVOU OKUPOSELIATOG.

*** To avw 0plo ota aptGUNTIKA TTPOCOUOLWUNTA, VO LNV Elval UEYAAUTEPO aro 5x D, omou D: StaueTpoc

EKOKAPIC.

**** Na yivel xprion tou kpttriplou aotoyioc Generalized Hoek & Brown (2002).

To amoteAéopata TNG mapolooC EPYCILAC VA TTAPOUCLACTOUV UTIO opdr] KPR TEXVIKAG £kBeon g, Omou
Ba yivetal mopdbson Ttwv Paclkwv Tapadoxwv, OplwV HOVIEAOU TPOCOUOLWONC Kol TEAKWY
OTMOTEAECUATWV.



