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NATIONAL TECHNICAL UNIVERSITY OF ATHENS

SCHOOL OF CIVIL ENGINEERING — GEOTECHNICAL DEPARTMENT
COURSE : Computational Methods in the Analysis of Underground Structures
Programs: DCUS & ADS Acad. Year : 2024-25

Problem Set 3 (submitted individually by each student)

During the preliminary design of a road tunnel with equivalent diameter D=8m, it is required to calculate
the wall convergence and the required immediate support measures.
The geological and geotechnical investigation resulted in the following two Ground Units:

Soil Unit (TE-1):

Depth of overburden from the tunnel axis (H): 35m
Ground unit weight (y): 22 kN/m3

Cohesion (c): 20 kPa

Friction angle (¢): 25°

Modulus of elasticity (E): 65 MPa

Poisson ratio (v): 0.33

Coefficient of horizontal stress (Ko): 0.8

Rock Unit (TE-2):

e Depth of overburden from the tunnel axis (H): 240m
e Ground unit weight (y): 25 kN/m3

e  Friction angle (¢): 24°

e Intact rock strength (oci): 9 MPa

e GSI=25

e Intact rock Modulus of Elasticity (Ei): 10 GPa

e Hoek-Brown parameter mi: 12

e Poisson ratio (v): 0.25

e Coefficient of horizontal stress (Ko): 1.0

e Rockmass disturbance factor (D): 0

It is required to:
1.

Using the RocSupport software, plot the convergence-confinement curve (A — u) for the two Ground
Units. Use the Ducan Fama (1993) method for the Soil Unit and the Carranza-Torres (2004) method
for the Rock Unit.

Immediate support with the characteristics of Table 1 will be applied at distance 2m from the tunnel
face. Using the software RocSupport, calculate the following quantities after the installation of the
support measures for both Ground Units:

e The tunnel wall convergence

e The radius of the plastic zone

e The safety factor of the tunnel support.

What is the effect of the improvement of the support measures with additional steel ribs HEB 140
with spacing 1.0m, on the quantities of question (2) ?

Shotcrete

Compressive strength (o) 20MPa
Thickness (t) 25 cm




Modulus of elasticity (E) 15 GPa
Poisson ratio (v) 0.2
Rockbolts
Diameter (d) 28 mm
Yield tensile force (Fv) 340 kN
Modulus of elasticity (E) 200 GPa
Length (L) 2m
Grid spacing 20x2.0m

Table 1. Properties of immediate support measures
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Aocknon 3 (vwoPfarieTor A TOUIKA 0O TOVS POLTTECS)

Mo v Meiét 001N g onpayyag twwodvvaung dtapétpov D = 8 m, mpaypatomoteitan mpopehén
Yo TNV EKTIUNON TOV CLYKMOE®MV 1TNng ONpayyds Kot TV OlGTACIOAOYNOT TV UETP®V
TPOGMPIVIG VITOGTHPIENG.

ATO TNV YEOAOYIKT] KO YEDTEYVIKT] SIEPEVVTION TNG TEPLOYNG TOV £PYOL, TPOEKLYAV Ol AKOAOVOES
000 (2) TEXVIKOYEMAOYIKES EVOTNTEG:

Edapixoc oynuorioudc (TE — 1)

o  Méyioro byos vmepkeiuevaw yarmv and aéove (H): 35 m
E101x6 fapoc (y): 22 KN/m?

Zovoyn (c): 20 kPa

T'wvia eowtepixng Tpifiis (p): 25°

Méztpo Elactikotnrag (E): 65 MPa

Adoyog Poisson (v): 0.33

2vvreleotic opiéovrias taons (Ko): 0.8

Bpayddnc oynuoniousc (TE — 2)

o  Méyioro byos vrepkeiuevay yarov ano aéove (H): 240 m
E10166 Bapog (y): 25 KN/m?®

T'wvia eowtepixns Tpifis (p): 24°

Avroyn dppykrov metpduaros o€ Oliyn (oc): 9 MPa
GSlI: 25

Métpo Elacrtixotnros dppyrrov fpdyov (Ei): 10 GPa
Hapauerpos Hoek-Brown mi: 12

Aaoyog Poisson (v): 0.25

2vvreleotig opigovriag taons (Ko): 1.0

BaOuog owarapayns fpayoualas: D =0

Znteiton:

1.

Me ypnion tov Aoyiopukoh Rocsupport, va oxedtaotel 1 KOUTOAN GOYKAIONG — amoTovmong (A
— U) Y10 TIG 30O TEYVIKOYEMAOYIKES evoTNTEG. Nt pappootel 1 pébodog Ducan-Fama (1993)
Y. TOV €3aPIKO oynuotiopnd kot 1 pébodoc Carranza—Torres (2004) ywo tov Ppoydon
oYNUATIGUO.
[Mpdkertar va tomobenOei mpocwpivi vooTpPiEn oe amdoTacn 2m TGW amd TO0 UETOTO
EKOKOONG, LE TO YopokploTikd tov Hivaxa 1. Xpnoiomolidviog 10 Aoyicpukd Rocsupport
V0L VTTOAOYIGTOVV T 0KOAOLOA HETE TNV TOTOOETNOT TV HETP®V TPOGMOPIVNG LITOCTHPIENG KOl
OT1G OVO0 TEYVIKOYEMAOYIKEG EVOTNTEG:

v" H 60yKMOT TOV TOLOUATOS THG GHPOLYYOS.

v" H oxtiva g mhaotikig {dvng.

v 0O ocvvteleotig acpakreiog (FS) g vrootipiEnc.
[Tod elvar n emppon ™G evioyvong e TPOSOPIVNG VTOGTNPIENG Le TPOGHETO HETOAAKA
mAaicio Tomov HEB 140 o€ anootdoeilg 1.0m, ota petpodueva peyédn tov epmtipatog (2).



Exto&gvopevo okvpodepa (Shotcrete)

Avtoyn og OAlyn (oc) 20MPa
ITéyog (t) 25 cm
Métpo ghaotikotnrog (E) 15 GPa
Abyog Poisson (v) 0.2
Aykipra Bpayov (Rockbolts)
Adpetpog (d) 28 mm
®oprio Opavong (F) 340 kN
Métpo ehaotikotntag (E) 200 GPa
Mrkog (L) 2m
Kavvapog 20x2.0m

NMivakag 2. 1610tNTEC UETPWV MTPOOWPLVHG UTTOOTNPLENG.




