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02 Rock mass classification and 
geoinvestigations



1

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

L’elemento fondamentale e’ 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 ... Il miglior sondaggio e’ il tunnel
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I - General setting (1 di 11) 

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

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

• “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);

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



I - General setting (5 di 11)

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)

It is conceptually important  to distinguish [46]:



I - 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 19581988  

RQD system Deere 1964  

RSR system Wickham 1972  

RMR system Bieniawski 19731989  

Lombardi Lombardi 1974 

(R-P) Rabcewicz-Pacher 1974 (combined system) indications

Q system Barton et al. 19741999  

Strength-size Franklin 1975  

RMi Palmstrom 19952000  

GSI Hoek et al. 19952000 

Adeco-RS Lunardi 1993  indications

Geodata Russo et al. 1998 2007  indications



II - Rabcewicz-P. (PRO B1)

RABCEWICZ-PACHER CLASSIFICATION (1974)
Main features
• Developed on the system base classification proposed by

Lauffer1 (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



Fig.7 [13]



II - Stand-up time (PROC1a)

“STAND-UP TIME” SYSTEM (Lauffer, 19581988)
Basic features
• 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.

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



II - RQD System (PROC1b / GEOG1)

RQD SYSTEM (Deere, 1964 and following)
Main features
• Based on the parameter Rock Quality Designation (RQD)

defining 5 geomechanical classes (fig.15);
• Associated with these 5 classes, quantitative indications about 

necessary supports, are given, differing traditional and 
mechanized  tunnelling with TBM (fig.16);

• As seen before (fig.6), Deere linked the index RQD to
Terzaghi’s classification.



Fig.15 [8]



III - RMR System (PROC2b)

RMR SYSTEM (Bieniawski 1973, 1989)
Main features:
• 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

a intact rock compressive strength
b RQD
c Spacing of discontinuities
d Condition of discontinuities
e Ground water
f Adjustment for discontinuity orientation



III - RMR System (PROC2b)

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

Fig.29 [7]: 
traditional 
excavation

Note: The points 
represent collapse limit 
conditions registered

line of max unsupported 
span for different RMR



III - RMR System (PROC2b)

Fig.31 [7]



IV: Q-System  (PROC2c)

Q-SYSTEM (Barton et al., 1974-1999)
Main features:
• Rock mass quality index Q (variable from 0.001 to 1000)

obtained by the following equation:

Q
RQD

J

J

J

J

SRFn

r

a

w * *

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



IV: Q-System  (PROC2c)



Esempio Q (Barton)

K2

K1

K3

NORD

Tunnel Diameter D = 15m (49in.) in granite; 
H=100m; c = 50-100MPa; RQD = 80-100% 
Discontinuity Spacing (2 systems + 1 random) = 
=0.6-2m (2-6.5in.)
Prevalent System (K1) with dip direction against 
tunnel advance and dip= 80°, slightly weathered 
and rough. Dry.

 Q (Barton):

• RQD= 90; Jn=6; Jr = 1.5-2; Ja = 2; Jw = 1; SRF = 1

• Q = 11 15 (Good rock mass)

• ESR = 1

• Sistematic Bolting (3-5m long, spaced 2-3m) 
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GG Geomachanical Group
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Montecarlo Method si based on 
algorithm generating a series of 
numbers with same probability
distribution we expect from 
phenomena we are 
investigating



The ratio between 
number casual  hits 

inside and total number 
is roughly = π/4

We heave rocks and 
check if are inside or 

outside the circle 
portion.

More hits more reliable 
the value 
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Area of circle
portion = π/4
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Severe squeezing
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Rockburst



Basic 
element for 

classification 
is face 

mapping  
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RMR
RESS 
Required 
Excavation
Support 
Sheet 

B1 support class

Deformation tolerance 50 mm
Round lenght  1.5 to 2.5
Face shotcrete 50 mm
Lattice girder  YES
Wire mesh no (FRC ) 
Shotcrete 1° layer
Shotcrete 2° layer  150 mm
Rockbolts  10/11 swellex  5 m
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TPSS 
Tunnel 
Primary
Support 
System

RECORD of what really 
was performed on site 



geological mapping 
aero photo analysis 
boreholes 
geophysical investigation 
pilot tunnel 
deep shaft
deviate boreholes 
lab test 
horizontal bore hole 
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Geological
investigations
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Geological map 
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Geological map 
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Geological profile
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Geological profile
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Geological profile



39

Geological profile
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Geological profile 
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Geological investigations at
portals
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Geological investigations
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Portal design 
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Bore hole location 

Vjeternik tunnel : contact
limestone - flysch
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Pilot tunnel  

Purposes :

1. Geological investigation
2. Construction support ( air,water, 

logistic) 
3. Consolidation 
4. Drainage  ( advance and operation) 
5. Maintenance and rescue 

Easier and faster ( minor diameter ) 
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Pilot tunnel  
BBT Brenner base tunnel
L = 55+9
main tunnel D  10,65 m
pilot D 6,80 m
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Pilot tunnel  
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Deep boreholes

Deep bore holes in 
Zurich area till 2400 m 
depth

Overburden of Mount 
Blanc tunnel 2480 m
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Deep boreholes

General information on the rock 
status 
Not
Cost  and time
Only information  
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Deviate bore hole



Tunnel T1 P2 seismic 



Tunnel T1 P2 sismica



Tunnel T1 P2 sismica


