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Problem Set 3B (submitted individually by each student)

Calculation of the Safety Factor of the Tunnel Excavation Face in case of an unsupported
face and face supported with various methods

A tunnel with height D=7m and width B=10m is excavated in flysch with material parameters: GSI=35, oci = 10
MPa, c=220kPa, ¢ =32°,y=24kN/m3, Ko=1

1. Calculate the maximum overburden depth (H) of the tunnel, where the excavation face is marginally stable
(FS=1) without face support measures. Use the simplified method and the method by Anagnostou & Kovari:

P Ntang +c (A'AF 1_,«) +27, (ABF)

(R+W)cosw—Psin @

Answer: Simplified method: Hmax = 65.5m, Anagnostou & Kovari: Hmax = 170m

2. Calculate the Safety Factor (FSo) of the unsupported excavation face at tunnel depth H=85m, using the
simplified method:
Answer: FSo = 0.774 < 1.00 (face is unstable)

3. Forthe case No 2 (above) design face support with forepolling to achieve FS=1. Use the deconfinement factor
(A) of the unsupported face.
Answer: Need forepoles with tube diameter 219.1mm and wall thickness 12.7mm at spacing 0.40m.

4. Repeat the above analysis with fiber-glass (FG) nails (instead of forepoles) to achieve a Safety Factor FS=1.1.
Calculate the number of FG nails (yield strength of nails Fy = 100 kN, safety factor of nail material 1.15).
Answer: 41 nails (i.e., one nail per 1.7m? of face surface)

5. Repeat the above analysis with cement grouting, i.e., calculate the required increase of ground cohesion (Ac)
to achieve a Safety Factor FS=1.10.
Answer: Ac = 65 kPa, So c = 220 kPa becomes 285 kPa.

6. Calculate the Safety Factor of the unsupported tunnel face in case of groundwater flow towards the tunnel
with water head hw = 41.5m over drainage length I=15m (hydraulic gradient i = 41.5 / 15 = 2.77).
Answer: Safety factor FS = 0.55 instead of FS = 0.774 (without flow).
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Aoknon 3B - EAEMNXOZ EYZTAGEIAZ METQMOY ZHPAITAZ
YToBAAAETOL OTOULKA IO TOUC POLTNTEC

YnoAoyloHOG TOU OUVTEAEOTH ao@algiag Tou Metonou Ekoka@ng Znpayyag e
AavunooTHPIKTO HETWNO KAl HE HETWNO UNooTNPI{OHEVO HE S1G(POPOUG TPONOUG.

Znpayya UPoug ekokadng A Odong D=7 katL eUpoug B=10p Stavoiyetal oe UAKO GAUOYN HE
TIOPAETPOUG avtoxG: GSI=35, oci=10 MPa, c=220kPa, ¢ =32°,y=24kN/m3, Ko=1

Noa urtoAoyloBel to péyioto Babog (H) tng onpayyag oTo omoio To HETWTTO EKOKAPNC Elval EVOTAOEG
(ouvteheotnc aodaleiag FS=1) xwpic pétpa umootnpLEng Tou petwmou. Na xpnotpomnotnei n
amAomnotnuévn pEBodog, kat n uéBodog twv Anagnostou & Kovari, SnAadn n oxéon:

P Ntan g +c(A'AIT’)+ 27, (ABI')

(R+W)cosw—Psin

Anavinon: Amhonolnuévn uéBodocg: Hmax = 65.5m, MéBodog Kovari: Hmax = 170m

Noa urtoAoyloBel pe tnv amhomnotnuévn pEBodo, o ouvteleotric acdpaleiag (FSo) Tou avumooTrpLktou
HeTwrou o Babog onpayyag H = 85m.
Andavinon: FSo=0.774<1.00 2 pétwrno actabeg

Ma tnv mepimtwon 2 avwtépw (LETWOo aotabég xwplg umootnplen), va oxedlacBel umootrpLen Tou
HETWTOU e SokoU¢ tpomopeiag, wote o ouvteAeotn ¢ acdaleiag va yivel FS=1.0. Ztov untoAoylouo, va
XpnotuornolnBel amAomolnTkd 0 GUVTEAECTH AMOTOVWONG TOU OVUTIOOTAPLKTOU UETWTIOU.

Anavtnon: Anoattouvtat Sokot mpomopeiag @219.1mm pe AX0G TOXWHATOG 12.7mMmm € AMOOTACELG
0.40m.

Noa emavaAndBel n mponyoUL eV avaluaon (yla tnv MepMTwon 2 avwTEPW), YLa UTIOOTAPLEN TOU
HETWTOU Ue aykupla Fiberglass, dnAadr va unmtoAoylobel o anmattoUpevog aplBUoC TwV ayKUPLwV woTe
0 oUVTEAEOTNC aodaAeiag Tou peTwrou va yivel FS = 1.10. Aidetat: Qoptio Stappor¢ Twv aykupiwv Fy
=200 kN kot ouvtedeotn¢ acdaleiog uAtkoL 1.15.

Andvtnon: Anawtovvrot 41 aykUpla, SnAadr éva aykUplo avd 1.70 m? emdpAveLaC LETWTTOU.

Na emavaAndBet n mponyolLevn avaluaon (yla tnv MePMTwon 2 avwTEPW), YLa UTIOOTAPLEN TOU
HETWTIOU L€ TOLUEVTEVEDELG, SnNAadn) va utoAoyloBel n anattoluevn avénon tng cuvoxng (Ac) Tou
ebddouc wote o cuvteAeotn¢ acdaleiog Tou peTwmou va yivel FS = 1.10.

Anavtnon: Anatteital avénon tng cuvoxng Ac = 65 kPa, dnAadn katd 65/220 = 30%.

Noa urtoAoyloBel o ouvteleotrg aocdalieiog (FS) Tou aAvuMOOTHPLKTOU PETWITOU, EAV OTO METWIIO
ekokadng umapyeL pon vepoU TPog Ta £Ew, e TILECOUETPLKO dopTio hw = 41.5 m Kot UAKog
otpayylong | = 15m.

Anavinon: IuvteAheotng aodaleiag pe pon FS = 0.55, evw xwplic pon ntav FSo = 0.774



