02 Rock mass classification and
geoinvestigations




Il progetto e la costruzione di un tunnel parte dalla
conoscenza delle condizioni del terreno attraversato
dallo scavo.

L’elemento fondamentale €’ il rilievo geologico .

L’esecuzione di prove e sondaggi completa la
conoscenza dell’ammasso roccioso .

L’esecuzione di sondaggi e’ importante soprattuto ai
portali e nelle zone di cambio di geologia.

Qui si parla si roccia ... ll miglior sondaggio €’ il tunnel
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| - General setting (1 di 11)

The design methods of underground constructions can be
basically divided in [7]:

e “analytical” methods — mainly based on stress/strain analysis
around the cavity (for example: numerical methods);

e “observational” methods — mainly based on behaviour
monitoring during excavation, as well as on the the analysis of
ground/support interation (for example, in general terms the

NATM):

e “empirical” methods — mainly based on previous experiences
of tunneling (for example, the geomechanical classifications)

I”



| - General setting (5 di 11)

It is conceptually important to distinguish [46]:

Geomechanical classes or groups
(G.G.)

"

— Constituted by rock masses with
comparable geomechanical
characteristics (intrinsic properties)

Behavior categories (C.C.)

"

—>  Describe the deformation
response of the cavity upon
excavation, corresponding to
different combinations of
geomechanical and in-situ stress
conditions

Technical Classes (C.T.)

— Are directly associated with the
different project solution (i.e. with
the typical sections of excavation
and support)




| - General setting (6 di 11)

Main Classification Systems

Method Author Year G.G. C.C. C.T.
Rock loads (T) Terzaghi 1946 (combined system) indications
Stand-up time Lauffer 1958+-1988 \ v
RQD system Deere 1964 v \

RSR system Wickham 1972 v v
RMR system Bieniawski 1973+-1989 v \
Lombardi Lombardi 1974 \

(R-P) Rabcewicz-Pacher 1974 (combined system) indications
Q system Barton et al. 1974+-1999 v v
Strength-size Franklin 1975 v v

RMi Palmstrom 1995--2000 v v

GSI Hoek et al. 19952000 v

Adeco-RS Lunardi 1993 \ indications
Geodata Russo et al. 1998 2007 \ indications




Il - Rabcewicz-P. (PRO— B1)

RABCEWICZ-PACHER CLASSIFICATION (1974)

Main features

Developed on the system base classification proposed by
Lauffer! (1958) originating The New Austrian Tunnelling

Method (NATM)

n.6 rock classes are considered (fig.7), a qualitative
description of the characteristics and the behaviour is
associated to applicative procedures and support
dimensioning

For the mechanized excavation with TBM specific adaptation
and development have been arranged, as proposed by the
Austrian Norm (ONORM) 2203 (fig.8), furthermore modified
in fig.9.

Note: 1 The classified method proposed by Lauffer will be shown in the “ direct
quantitative methods” section



- Classificazions di Rabeowicz.

Beavo Misure di sicurezza e di sostegno
-dlm }Jum:lonsaﬁ:l comportamento
roccia rocela Lunghezza Tempo di Tempo di
Bezione volate Metodo AutosoaLOEO Intervento poea in opers
I Rocels sans massiva. Lo scavo sl | Sexione plena Dipende dalle | Con esplosivo | Settimane in | Apcoraggi locali <4 | Senza limiti, a scavo
Stabile autosostiene o le tensionl al con- condizioni lo- calotta, illimi- | rete in calotta o cal- | avvenuto in caso di
torno nop superanc la resistenza call tato in parete | cestruzzo proiettato | rilasei loecali
della roccia.
II Roccla stratificata o te | Sezione plena max 3 m Con esplogive | Glornl in ca- | Apcoraggi sistematicl | Ultimazione a 40 m
Leggermenta | fratturata. Nella fase decom- lotta, setti- | in calotta + rete 4+ | max dal fronte scavo
fratturata presgione le tensioni tangenziali in mane in pare- | calcestruzzo  proiet-
calotta superano la resistenza della tao tato (anche in parete
roccia con conseguent! distacchi imr bloccare rilasei
L Sono necesaarie opere di soetegno ocali)
sistematiche in calotia. Le pareti
dello scavo & man stabili
salvo puulhlli locali.
Il a Roccla da fratturata a molto I'.'rat— Sezione plena con | Max 1,5 m per | Esplosivi con | Ore in calotta | Ancoraggi sistematici | Inizio subite dopo lo
Fratturata turata. Il limite di resistenza della | volats brevi. Pre- | scavo & sezio- | cautels local- | glornl in pa- | 4 rete 4+ caleeatruz- | scave &  completa-
roccia viene raggiunto in pmt-nu feribilments s6- | ne piena mente & mac- | rete zo profiettato in ca- | mento & 20 m max
11T b saperato in calotta, Sono necesss- | zione parzializza- | Max 3 m per | china lotta o in parete. dal fromte scavo
Poco rie opere di sostegno sistematiche | ta (calotta pit 1 | scavo a sezio- Arco rovescio
epingente e 1"inserimento dell’arco rovescio | strozzo) ne parzializ
per la possibilith di rottura del
fondo dello scavo.
v Roccia alterata, scisbess, fagliatsa. | Sezione parzializ- | da 1 m a 1.5 | & macchina Molto breve, | Ancoraggl sistematici | Inizio subito dopo lo
Spingente La resistenza della roccis viens su- | zata (calotta con | m in calotta in calotta, al- | 4+ rete 4 calcestruz- | scavo parzfalel 11 get-
perata su tutto il contorno dello | pit di 1 strozzo) cune ore in | zo proiettato 4 cen- | to dell’arce rovescio
seavo. Sono necessarie opere di parets tine metalliche in ca- | & breve scadenza in
sostegno sigtematiche, 1'inserimen- lotta @ in parete funziome delle condi-
to dell'arco rovescio e la prote- Arco rovescio ¢ pro- | zioni  locali (misure
zione del fronte dello scavo, teziome del fronte del- | o s&ito)
lo scavo con calee-
struzzo prolettato
v Hoeccia molto alteratn, completa- | £ necessaria una | da 0,58 1,0 m | a maschink | Nessuno in ca | Ancoraggi sistematici | Tutte le superfici de-
Malta mente milonitizzata, L'apertura | guddivisione in | in ealotta lotta, fino a | 4+ rete 4 calcestruz- | vono essere sostenin-
spingente delle Bpavo provoca 'insorgore di | diverss  sexiond pochie ore in | 2o proiettato 4 cen- | to non appena aperto
fortl presgioni in tutte le direzioni. | parzialli in fun- parete ¢ eul | tine metalliche in ca- | lo scavo. La succes-
Lianello di roccia intorno allo | ziope anche della fronta lotta & in parctel gione delle operazioni
scavo ¢ completamente plasticiz- | stabilita del fron Arco rovescio e pro- | ¢ l'inseriments  del-
zata ¢ tende verso "interno con | te dello seave tezione del fronte del- | 'areo roveacio devo-
sensibile riduzione della sczlone. lo scave com calec- | no cssere deflnitl in
gtruzzo proictitato funzione delle condi-
ziomi locali (misure
in mito)
vl Questa closse compronde tutti A ’ . — ’
Materiale terreni seiolti, franosi, i quali | Lo scavo si regola in funzione dei metodi di sostegno Misure speciali quali congeliments, iniczioni
selolto lo peave non pub mmp:;‘lmnmtn di miscele chimiche vor.

con | metodi convenzionali,

Fig.7 [13]



Il - Stand-up time (PRO—C1a)

“STAND-UP TIME” SYSTEM (Lauffer, 1958+1988)
Basic features
e Based on the following concepts of (fig.10):

— Active unsupported span (lw) = Minor dimension between
(1) the distance from tunnel face and the first installed
support and (2) the width of the tunnel.

— Stand-up time (ts) = Time in which the tunnel, for an active
unsupported span, can remain stable after the tunnel
excavation.

e 7 rock classes brought up to 9 in successive updating, are
considered in the stand-up diagram.



Il - RQD System (PRO—>C1b /GEO—>G1)

RQD SYSTEM (Deere, 1964 and following)

Main features

e Based on the parameter Rock Quality Designation (RQD)
defining 5 geomechanical classes (fig.15);

e Associated with these 5 classes, quantitative indications about
necessary supports, are given, differing traditional and
mechanized tunnelling with TBM (fig.16);

e As seen before (fig.6), Deere linked the index RQD to
Terzaghi’s classification.
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lll - RMR System (PRO—>C2b)

RMR SYSTEM (Bieniawski 1973, 1989)
Main features:

e Definition of a rock quality index RMR (Rock Mass Rating)
derived from the sum of six geological-geomechanical and
constructive parameters (fig.22):

RMR=a+b+c+d+e+f

intact rock compressive strength

RQD

Spacing of discontinuities

Condition of discontinuities

Ground water

S| D | Q|0 T |D

Adjustment for discontinuity orientation




lll - RMR System (PRO—>C2b)

Typical stand-up times for different roof spans of tunnel are
proposed, according to the concepts proposed by Lauffer

Fig.29 [7]:
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excavation—

Note: The points
represent collapse limit
conditions registered

30

201

Roof Span, m

no

1d 1wk 1mo lyr 10yr
r ; ’ I T T i T 50 T
: 80 Q
; 7(/<

Immédiate
Collgpse

10 , ? . _ ;

L s e ]

10! 10° 10! 102 103 104 10° 10

Stand-up Time, hrs



lll - RMR System (PRO—>C2b)

Rock mass class | Excavation Rock bolts Shotcrete Steel sets
(20 mm diameter, fully
grouted)
[ - Very good Full face, Generally no support required except spot bolting
rock 3 m advance
RMR: 81-100
II - Good rock’ Full face , Locally, bolts in crown 3 | 50 mm in None
RMR: 61-30 1-1.5 m advance. Complete support | m long, spaced 2.5 m crown where
20 m from face with occasional wire required
mesh
[II - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm None
RMR: 41-60 1.5-3 m advance in top heading. long, spaced £.5-2 min in crown and
Commence support after each blast. | crown and walls with 30 mm in
Complete support 1( m from face wire mesh in crown sides
IV —Poorrock | Top heading and bench Systematic bolts 4-5 m 100-150 mm | Light to medium
RMR: 21-40 1.0-1.5 m advance in top heading. long, spaced 1-1.5m in incrown and | ribs spaced 1.5 m
Install support concurrently with crown and walls with 100 mm in where required
excavation, 10 m from facc wire mesh sides
V — Very poor Multiple drifts Systematic bolts 5-6 m 150-200 mm | Medium to heavy
rock 0.5-1.5 m advance in top heading. long, spaced 1-1.5 min in crown, 150 | ribs spaced 0.75 m
RMR: < 20 Install support concurrently with crown and walls with mm in sides, | with steel lagging
excavation. Shotcrete as soon as wire mesh. Bolt invert and 50 mm and forepoling if
possible after blasting on face required. Close in-

vert

Fig.31 [7]




IV: Q-System (PRO—>C2c)

Q-SYSTEM (Barton et al., 1974-1999)

Main features:

e Rock mass quality index Q (variable from 0.001 to 1000)
obtained by the following equation:

0= ROD 5 J. " J,
J J SRF

RQD Rock Quality Designation
Jn joint set number
Jr joint roughness number
Ja joint alteration number
Jw joint water reduction factor
SRF joint stress reduction factor




Fig.32 [20] : Q-System rating

assessment table

1. Rock Quality Designation RAD 5. Joint Water Reduction Factor Jo
A [Very poor 0-25 A |Dry excavations or minorinflow, j.e., <5 Kmin locaity 1.0
B |Poor 25 - 50

C 1Fair 80 - 785 B |Medium inflow or pressure, occasional sutwashed joint tillings 0.66
D |Good 75-90 ¢ |Laroe inflowor high pressure in campetentrock with unfilted o5
E [Excelient 80 - 100 joints )

Note: i1 ‘Whare RQD is reported or measured as < 10 tincluding 0l 2

o Large inflow or high pressure, considerable outwashof jeint

prevent rack-wali contact

norinal value o1 10 is used to evaluate Q. fillings a.33
il RAD intervals of 5, i.e., 100, 95, 90, erc., are sufficientyaccurate. £ Exceptonally high inflow or waler pressure at blasting, 0.2:01
ying wath time T
2. Joint Sat Number Ja F Exceptionally high inflow or water pressure continuingwithout 1 ¢ o ge
r decay T
A Mass»n{e, no or few joints 95-10 Note: i) Factars C 10 F are crude estimates. Increase J,, it drainage
B [One joint ser 2 measures are installed.
C | One joint set plus random joints 3 i) Spetial probisms caused by ice formation sre not considered.
D |Two joint sets 4
E |Two joint sets plus random joirits & 6. Streas Reduction Factor SRF
F_|Three joint sets 2 &l Weeks ronas i K jorr, which mey cause loosening of
G |¥hree joint sets plus random joints 1z rock mass when tunnel is axcavated
H Four or more joint sets, randam, heavily jointed, 15 Multiple nccurrances of weakness zones containing clay of
“sugar cube”, efc. A lchemically disintegratedrock. very looss surroundingrock 10
J |Crushed rock, earthlike 20 tany depth)
Mote: it Forintersections, use (3.0 x J,) g |Single 0nes ining clay or 5
i} For portals, use 2.0 x J.) disintegratedcock (depthof excavation < 50m}
c Single weakness zones ¢containinge/ey or chemically 25
- disintegratedrock thof excavation > 50m} )
3. Jaint Roughness Number J, isinteg ock idep Al
o Multiple shear zones in competentrock (clay-fres). loase 7.5
al Rock-walf contact, and b) rock-wall contact before 10 cm shear suroundingrock [any depth) )
A |Ciscontinuousjoints 4 g [Single shear zones in competentrock (clay-froal (deptho! 5.0
B [Rough or irregular. undulating 3 jexcavation < 50m)
C |Smooth, undulating 2 F Single shear zones in competentrock {clay-free) (depth ol 25
ipn > 50 .
D |Slickensided, undulating s : ’“’n — e
3 3 " . elc.
£ [Rovah or imegutar, planar Te G dzg::) open jaints, heavily jointed ar “sugar cube™, etc. (any 50
F Sr_ncom,planar 10 Note: i) Reduce these values of SRF by 25-50% if the relevant shear zones
G |Slickensided, planar 0.5 enly influence but do notintersect the excavation.
Note: i) Descriptions reter (o small scale features and intermediate scale 5] Competant rock, mck strass problams o, lo, o, le, SRF
features, in that arder. H |Low stress, near surfacs. open joints >200 <0.01 2.5
©) Mo reck-wall contact when shaared | |Medium stress. favourable stress 200-10 |0.01.0.3 y
H Zone cantainingclay mingrals thick enoughto 1.0 condition " - -
prevent rock-wall contact - High stress, very tight structure. Usually
 [2ndy. gravelly or crushed zone thick enoughto 10 K |taveurableto stability, may be 105 | 0.3-0.4| 052

unfavourable for wall stability.

Note: i) Add 1.0 it the mean spacirg of the relevant jint set is greater than 3m.
it J, = 0.5 can be used forplanar slickensided joints having
lingations, provided the lineations are oriented for minimum

L Maoderate siabbing after > 1 hoyrin

_ 5-3 0.5-0.65( &850
massive rock

A Tightly healed, hard, nan-sattening.impermeable

srength, W |Stabring and roc_k burstafter a few 32 0.65-1 | E0-200
MiNUESin massive ok
Heavy rock burst lstrain-burst) and
4. Joint Alteration Number ] apf;axJ N N |immediate dynamic defarmationsin <2 >1 | 200-400
iva rack
8! Rock-wall contact tno miners! filings. only coatings) Note: ii} Far strongly anisotropic virgin stress tield (it measurecl: when

5 < g,/o; = 10. reduce ¢, to 0.750,. When o, /oy > 10, reduce
7, 10 0.50,. where o, = unconfinedcompressionstrength, o, and
a4 are the major and minor principal siresses, and g = maximum
tangential stress [estimated fram elastic theory).

i} Few case records available where depthof crown belaw surface is
1885 than span width. Suggest SRF increase from 2.5 to 5 for such
cases (see H).

A N 075

filting, f.e.. guartz or epidote

B |Unattered joint walls, surface staining only 25-35° 1.C
Slightly altered joint walis. Non-softeningmineral

C lcoatings, sandy particles, clay-lree disintegrated 25-30° 2.0
rock, etc.

D Silty- or sanrdy-l:lav coatings. small clay fraction 20-25° 2.0
{non-softening)
Softernngor low trictionclay mineral coatings,i.e..

i i :
g |keolinite or mica. Also chlorite, talc, gypsum. 2.16% 5.0

graphite, efc., and small quantitiesot swelling
cfays.

¢/ Squeezing rock: plastic flow of incompetent rock . SRF
under the infiuence of high mck prossure e

o] |Mild squeering rock pressure 1.5 5-10

P [Heavy squeezing rock pressure >5 §0-20

b) Rock-wall contact bafora 70 cm shaar [thin minsral fillings)
F !s:mdy particles, clay-free disintegratedrock, efc. 25-30° 4.0

Mote: iv) Cases of squeezingrock may occur for depthH> 350 Q% (Singh
et o, 1932). Rock mass compression strengthcan be estimated
tromq ~ 0.7 y QY3 MPa} where y = rock densityin kN/m? (Singh,

1983,
Strangly over-consolidated nan-softeningclay nan ~ " — — "
G mineral filing s {continuous,but < Smem thickness] 16-24 €.0 o} Swalling rock: chamical swelling activity dapending on preseace of wats
W [Mediumor low over-cansolidation.softening. clay 12180 50 R [M"d swalling rock pressure [ 5-10
mineral fillings {continuous,but <5mm thickness) ' ) S [Heavy swelling rock pressure | 1e1s

Swelling-clay fitings, i. &, montmarillonite
{continuous.but <Smm thickness}. Value af J,
depends on percent of swelling clay-size particles,
and access 10 water, efc.

[

8-12° 8-12

¢! No rock-wall contect whan shaarad {thick mineral Fillings)

Note: J. and J, classification is applied 1o the joint set or discontinuity that
is teast Favourable for stability both from the point of view of
orientation and shear resistance, T lwhere 7 = @, tam’ {J, 11, |
Choase the most likely feature to allow failure to initiate.

KLM Zones or bands of disintegrated or crushed rock and 6240 €. B, or
clay (see G, H, J for description of clay conditian} 8-12
N Zores or bands of silty- or sandy-clay, small clay . 5.0 Q =
trachan {nan-safteningd )
opsl Tnick, centinuouszones or bands af clay (see G. H. 6240 10. 13,
J tar description of clay ceadition} or13-20




ESR

Span or height in m

IV: Q-System (PRO—>C2c)

ROCK CLASSES
G F E D |C B A
Exceptionally | Extremely Very Poor |Fair | Good |Very Extrem. Exce.
poor poor good| good |good
100 23 m25m HHEED : ; 20
2.1 m Ll
.’u—
50 g N S =
Bolt spaci e g,
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Rock mass quality Q = RQD  Jr , Jw
Jn Ja SRF

4) Fibre reinforced shotcrete and bolting, 6-9 cm, Sfr+B
5) Fibre reinforced shotcrete and bolting, 9-12 cm, Sfr (E700) +B
6) Fibre reinforced shotcrete and bolting, 12-15 cm, Sfr (E700) +B
7) Fibre reinforced shotcrete > 15 cm +

reinforced ribs of shotcrete and bolting, Sfr (E1000) +RRS+B
8) Cast concrete lining, CCA or Sfr (E1000) +RRS+B

0.001  0.004 0.01

REINFORCEMENT CATEGORIES

1) Unsupported

2) Spot bolting, sb

3) Systematic bolting, and unreinforced
or fibre reinforced shotcrete, 5-6 cm),
Sfr/B+S



Tunnel Diameter D = 15m (~49in.) in granite;
H=100m; cc = 50-100MPa; RQD = 80-100%
Discontinuity Spacing (2 systems + 1 random) =
=0.6-2m (~2-6.5in.)

Prevalent System (K1) with dip direction agalnst
tunnel advance and dip= 80° , slightly weathered
and rough. Dry.

RQD'90 Jn—6 Jr—1 52 Ja=2;Jw=1; SRP 1
= Q = 11+ 15 (Good rock mass)
- ESR=1 |



GG Geomachanical Group

H=overburden

Axis tunnel

GG1 GG2 GG1 GG3

Input: Geomechanical parameters GG GaniechanEs] Brot

Input: Output: radial deformation (3,) and
in situ stress plastic ratio (Rp/Ro)
. ‘_—"._:.‘ - il " “ ,}
overburden ' 33% “a-b

geometry b Behavieral 5% “c”
/ 8 and Ry/R, M) Categories (BC) ‘1 10% “d”

Monte Carlo simulation 29, “af”

Figure 4.4 - Definition of the behavioral classification approach




Random shots

Algorithms

Outcome

Montecarlo Method si based on

algorithm generating a series of
numbers with same probability
distribution we expect from

phenomena we are
investigating




Area of circle
portion = 11/4

The ratio between
number casual hits
Inside and total number

is roughly = 11/4

We heave rocks and
check if are inside or
outside the circle
portion.

More hits more reliable
the value




Il - Rock mass strength (o / m C V- Competency (IC)+self-supporting capacity (RMR)=Excavation behaviour
100 80
[simpified Bsemog ! e Individes
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Support Class

Prevalent Hazard

Tunnel

Wedge

instability  / Minor Spalling-Rockburst

Total length (%)

Table 2-3: Main Tunnel. Tunnel N.4, 5, 6, 7. Support application percentages and lengths

ca

Wedge Instability / Rockfall

Total length (%)

Rockfall

Total length (%)

Caving

Squeezing

Total length (%)

Total length (%)

Severe
Squeezing

Total length (%)

Severe Caving

Total length (%)

Total length
(%)

Total length
(m)

Tunnel 4

Tunnel 5

6%

20%

6%

Tunnel 6

0%

6%

11%

4%

Tunnel 7

0%

5%

10%

44%

18%

In Tunnel 4, from Pk 33+390 to Pk 33+420 (30 m) it is applied the Support Class C2* for double line railway.

In Tunnel 7, from Pk 46+865 to Pk 47+085 (220 m) it is applied the Support Class C2* for double line railway.

In Tunnel 7, from Pk 47+085 to Pk 47+106.5 (21.5 m) it is applied the Support Class C2* for double line railway with platform.

In Tunnel 7, from Pk 47+106.5 to Pk 47+200 (93.5 m) it is applied the Support Class F for double line railway with platform.




Rock mass strength (Gcn1)+in situ stress (2*y*H)=Competency (IC)

1 Simplified assumptions:
| 1=0.025MN/m’, k=1

Individuation of potential hazards

Stable (a) or Unstable Wedges (b)
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Rock mass strength (Gcn1)+in situ stress (2*y*H)=Competency (IC)

1 Simplified assumptions:
| 1=0.025MN/m’, k=1
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Fig.3.2: Very severe squeezing behaviour in the S.Martin La Porte adit to the base tunnel of the new railway link Turin-Lyon
(— case-history ch1): up to more than 2m of diametral convergence with consequent necessity of tunnel re-shaping (Photo:
courtesy of J. Piraud (Antea)).




Failure mode is dominated by
energy transmitted from remote
seismic sources and the fracture
rate due to strainbursting

) MMK' ! :ﬂm,“,g

}

(incoming
seismic
wave)

Example of severe event with failure
of support in andesitic rock. Probably
combined 1-2 mechanism (Estimated
released Energy 25-30kJ/m2)




BIENIAWSKI'S -1989, ROCK MASS RATING (RMR) SYSTEM

Construction of balance tunneling works of Tunnel T1 from km 30.000 to km 33.160 including construction of Br. No. 34, hydraulic protectio
of the Nallah at the T1 Adit Portal and drainage of the T1 Adit on the Katra Dharam Soction of USBR Link Project, in the State of J&K
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11007 - CHENANI-NASHRI TUNNEL PROJECT

ENGINEERING GEOLOGICAL MAPPING - DATA SHEET
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TUNNEL PRIMARY SUPPORT SYSTEM
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Geological
investigations

geological mapping

aero photo analysis
boreholes

geophysical investigation
pilot tunnel

deep shaft

deviate boreholes

lab test

horizontal bore hole
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Geological profile
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Geological profile
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Geological profile

Uniaxial
compressive

strength -
CO (Mpa)

condition

GSI
(Geological
Strength Index) *

* Hoek & Marinos (2000 - 2007); Russo (2007)
Wedge instability
Rockfall

GEOMECHANICS
Geomechanical
classification

condition

Subordinate| Subordinate

Caving

Squeezing

Squeezing very severe

Potential
geomechanical
hazards

Spalling

Support Classes (most likely condition)
for the tunnels sections only
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Geological investigations at
portals




Geological investigations

Phyilit=
Phyilite, amphibolite and quartzite

Phyilite and quartzte
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Portal design

(SEE SPECIFIC DRAWING)
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KAURIYALA FORMATION (PT23KK) ™\

ORIGINAL GROUND PROFILE
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Bore hole location

Vjeternik tunnel : contact
limestone - flysch

Portalpi dio, gledaj prilog 2.2.1
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Pilot tunnel

Easier and faster ( minor diameter )

Purposes :

1.
2.

Geological investigation
Construction support ( air,water,
logistic)

3. Consolidation
4.
5. Maintenance and rescue

Drainage ( advance and operation)



Pilot tunnel

BBT Brenner base tunnel
L =55+9

main tunnel D 10,65 m
pilot D 6,80 m
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Ostréhre Erkundungsstollen Querschlag
Cunicolo trasversale

Galleria est Cunicolo esplorativo




Pilot tunnel

ground surface ground surface

O T with fiber glass anchor
S JOOREHOLES 6m long °
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Deep boreholes

Deep bore holes in
Zurich area till 2400 m
depth
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Deep boreholes

General information on the rock
status

Not

Cost and time

Only information




Deviate bore hole

Core sample
is taken during
the steering
process

Instrument Expanding Offset Core

me s bashivg sample DD DRILL PLAN CONVENTONAL DRILL PLAN

DCD SECTION TARGET RESOURCE




Tunnel T1 P2 seismic




Tunnel T1 P2 sismica

X [m]

(1} 20 40 60 80 100 120 140 160 180
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cavity

Second
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Tunnel T1 P2 sismica




