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Introduction

• The engineering properties of the intact rock (e.g., 
UCS, mineral composition) supply only a portion of the 
key parameters used in classifying the rock mass.

• The in-situ rock mass may have one or more sets of 
discontinuities that can have a significant influence on 
strength, stiffness, permeability and stability.

• Additional properties associated with the 
discontinuities in the rock mass (e.g., orientation, 
spacing, etc.), are relevant in rock mass classification.

• The pattern of discontinuities is evident in the cored 
sections obtained during the site exploration studies, 
as well as in the exposed faces and rock outcrops.
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Intact rock and rock mass

• The rock mass is generally characterized based on:
 properties of the intact rock;

 size of the rock pieces (blocks) between joints;

 frictional characteristics of joints (roughness, type 
and quality of the infill material).
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Joints and joint sets

• The rock mass can have any number of joints. 
 When there are no joints, the rock mass and the 

intact rock have the same properties.

 An increasing number of joints and joint sets make 
the rock mass more fragmented and the block sizes 
become smaller.
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Discontinuity characterization

• There are several parameters that are used to describe 
discontinuities:
 Orientation
 Spacing
 Persistence
 Roughness
 Wall strength
 Aperture
 Filling
 Seepage
 Number of joint sets
 Block size and shape
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Diagram of the geometric properties of 
discontinuities (Hudson, 1989)
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Discontinuity characterization

• Orientation: measured by the dip and dip direction; 
critical to the stability of the rock mass.

• Spacing: the perpendicular distance between two 
adjacent discontinuities of the same set; affects the 
hydraulic conductivity of the rock mass and the failure 
mechanism.
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Discontinuity characterization

• Spacing
 In the absence of measurements of joint spacing, 

the joint frequency (and thus the joint spacing) can 
be estimated from the RQD:
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Where:
 = number of joints per m (i.e., joint frequency).
RQD is in %.
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Discontinuity characterization

• Persistence: determines the possibilities of relative 
movement along a discontinuity in a rock mass.
 Persistent discontinuity: a continuous plane in a soil 

or rock mass. 
 Non-persistent discontinuity: ends in intact rock. 
 Abutting discontinuity: abuts against another 

discontinuity. 
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Discontinuity characterization

• Roughness: 
 large-scale surface undulations (waviness) observed 

over several meters;
 small-scale unevenness of the two sides relative to 

the mean plane, observed over several centimeters.
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Discontinuity characterization

• Wall strength: compressive strength of the rock that 
makes up the walls of the discontinuity.
 Governs the shear strength and deformability of 

rock mass.

 Joint wall compressive strength (JCS) is a measure 
of wall strength (Barton, 1973).
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Where:
 = unit weight of rock (kN/m3)
R = Schmidt hammer rebound number on the joint surface
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Discontinuity characterization

• Wall strength and friction angle
 The friction angle of a rough discontinuity surface 

has two components:
− basic friction angle of the rock material, b
− roughness angle, i.
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Where:
n = effective normal stress on the discontinuity plane (kN/m2)
r = residual friction angle of rock (typically 25° - 35°, but as low as 15° for 
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Discontinuity characterization

• Aperture: the perpendicular distance between the two 
adjacent rock walls of an open discontinuity, where the 
space is filled by air or water.

• When the space between the walls is filled with 
sediments, the term “width” of the infill is used instead 
of aperture.
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Discontinuity characterization

• Filling: the material (e.g. calcite, chlorite, clay and silt) 
that occupies the space between the adjacent rock 
walls of a discontinuity.
 A complete description of the filling may include the 

width, mineralogy, grain size, water content, 
permeability and strength.

 Affects the permeability and the deformability of the 
rock mass.

• Seepage: mainly through discontinuities (secondary 
permeability), as the permeability of the intact rock 
(primary permeability) is generally very low.
 ISRM has separate ratings from I (no seepage) to VI 

(heavy flow) for unfilled and filled discontinuities.
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Discontinuity characterization

• Number of joint sets: determines the ability of the rock 
mass to sustain deformation without any failure within 
the intact rock.
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Discontinuity characterization

• Block size: depends on the number of discontinuity 
sets, spacing and persistence that separates the 
blocks.

 The block size and the shear strength along the 
discontinuities play a key role in the stability of the 
rock mass in rock slopes and underground openings.

 Block size is a key parameter in rock mass 
classification.

 Block size is defined as the average diameter of an 
equivalent sphere of the same volume.

 Quantified by a block size index (Ib) or volumetric 
joint count (Jv).
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Discontinuity characterization

• Block size index, Ib: the average dimension of a block. 
• Volumetric joint count, Jv: the total number of joints 

intersecting a unit volume of rock mass.
• For an orthogonal joint system of three sets with 

spacing of S1, S2 and S3:
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Where S1, S2 and S3 are in m, and Jv is in joints/m3.
For Jv < 4.5, RQD=100%; and for Jv >30, RQD=0%.
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Discontinuity characterization

Example 1
A rock mass consists of four joint sets. The following 
joint counts are made normal to each set: 
• joint set 1 = 12 per 10 m, 
• joint set 2 = 17 per 5 m, 
• joint set 3 = 16 per 5 m, 
• joint set 4 = 13 per 10 m. 

Find the volumetric joint count. How would you describe 
the block size? Estimate the RQD.
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Discontinuity characterization

• Description of the rock mass: use one of the following 
adjectives reflecting the block size and shape (ISRM, 
1978).
 Massive – few joints or very wide spacing;

 Blocky – approximately equidimensional;

 Tabular – one dimension considerably smaller than 
the other two;

 Columnar – one dimension considerably larger than 
the other two;

 Irregular – wide variations of block size and shape;

 Crushed – heavily jointed to sugar cubes.
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Discontinuity characterization

• Description of the rock mass
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Discontinuity characterization

• Methods of measurement of the 10 discontinuity 
characterization parameters and their relative merits:
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Rock mass classification

• A rock mass is classified on the basis of three factors: 
 Intact rock properties:

− Strength (UCS);
− Stiffness (Young’s modulus).

 Joint characteristics: 

− Frictional resistance along the joints between the 
adjacent blocks (number of joint sets, orientation, 
spacing, aperture, surface roughness, weathering 
and alteration, infilling).

 Boundary conditions:

− In-situ stresses within the rock mass;
− Groundwater conditions.
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Rock mass classification

• Objectives of rock mass classification:
 To group rocks of similar engineering properties and 

behaviour;

 To describe rock mass without any ambiguity.
• Some of the common rock mass classification systems 

are as follows:
 Classification by UCS;

 Classification by RQD;

 Rock mass rating (RMR);

 Q-system;

 Geological strength index (GSI).
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Rock classification - UCS

• Classification of 
rocks on the basis 
of the UCS 
(ISRM,1978):
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Rock mass classification - RQD

• Classification of rock mass on the basis of the RQD 
(Deere,1964)
 RQD has been widely accepted as a measure of 

fracturing degree of the rock mass.

 It does not account for the strength of the rock or 
properties of the joints and only partially reflects the 
rock mass quality.
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Rock mass classification - RMR

• Rock mass rating (RMR): also known as the 
Geomechanics Classification System, was originally 
proposed by Bieniawski in 1973.

• Assigns a rating (0-100), based on the following five 
parameters:
 Strength of intact rock –15 points max.
 RQD – 20 points max.
 Mean spacing of the discontinuities – 20 points max.
 Condition of discontinuities – 30 points max.
 Groundwater conditions – 15 points max.

• The ratings of all parameters are added to make up 
the RMR.
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Rock mass classification - RMR

• Rating Increment Tables
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Rock mass classification - RMR

• Rating Increment Tables
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Rock mass classification - RMR

• Rating Increment Tables
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Rock mass classification - RMR

Example 2
Determine the rating increment for the following joint 
conditions:
a. A joint with slightly rough and weathered walls has a 

separation less than 1 mm.
b. A joint has a persistence = 2 m, aperture = 0.1–0.5 

mm, roughness = slightly rough, infilling = none, 
weathering = slight.
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Rock mass classification - RMR

• Rating Increment Tables
 The presence of groundwater in the joints can 

severely influence the shear strength and the 
deformability of the rock mass.

 The general condition of the joint can be determined 
qualitatively from the drill cores and borehole logs.
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Rock mass classification - RMR

• Rock mass rating (RMR) adjustment
 RMR is adjusted considering how favourable or 

unfavourable the joint orientations are with respect 
to the project. 

 The adjustment values are negative (0 to −60), and 
are different for tunnels, foundations and slopes.
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Rock mass classification - RMR

• Rock mass rating (RMR) adjustment
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Rock mass classification - RMR

• Applications of Rock mass rating (RMR)
 Selection of excavation and support procedures 

(e.g., rock bolt spacing, shotcrete, mesh) for 
underground openings.
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Rock mass classification - RMR

• Applications of Rock mass rating (RMR)
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Rock mass classification - RMR

• Applications of Rock mass rating (RMR)
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Examples of classes of rock mass 
(González de Vallejo and Ferrer, 2011)
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Rock mass classification - RMR

Example 3
Determine the RMR value for tunneling work in a rock 
formation with the following details:
• The point load strength index Is(50) = 6 MPa
• RQD = 80%
• Mean spacing of discontinuities = 500 mm
• Joint walls had slightly rough and weathered surfaces, 

with less than 1mm separation
• Groundwater condition = Damp
• Discontinuity orientation with respect to the project = 

Fair
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Rock mass classification - RMR

Example 4
A highly fractured siltstone rock mass is found to have 2 
joint sets and many random fractures, average RQD is 
41%, joints appears continuous observed in tunnel, joint 
surfaces are slickensided and undulating, and are highly 
weathered, joint has a separation of about 3-5 mm, filled 
with clay, average rock material uniaxial compressive 
strength is 65 MPa, inflow per 10 m tunnel length is 
observed at approximately 50 l/min, with considerable 
outwash of joint fillings. The tunnel axis is parallel to the 
strike and the dip is 30˚.  Determine the RMR value.
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Rock mass classification – Q-System

• Tunneling Quality Index: Q-System
• Developed by Barton et al. (1974) to characterize the 

rock mass and determine the tunnel support system.
• Based on the following six parameters:
 RQD (0–100)
 Number of joint sets in the rock mass, Jn (1–20)
 Joint roughness number, Jr (1–4)
 Joint condition (alteration) number, Ja (1–20)
 Joint water reduction factor, Jw (0.1–1.0)
 Stress reduction factor, SRF (1–20)

38



CVG4184/6305 Rock Mechanics

Rock mass classification – Q-System

• Tunneling Quality Index: Q-System
 The individual parameters are assigned values and 

the complete rating is calculated from:

 The value of Q ranges on a logarithmic scale from 
0.001 to 1000+. 

 The higher the value of Q, the better the rock mass 
quality.
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Rock mass classification – Q-System

40

• Parameter values for the Q-System
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Rock mass classification – Q-System
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• Parameter values for the Q-System
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Rock mass classification – Q-System
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• Parameter values for 
the Q-System
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Rock mass classification – Q-System
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• Parameter values for the Q-System
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Rock mass classification – Q-System
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• Parameter values for the Q-System
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Rock mass classification – Q-System

• Applications of the Q-system
 Selection of excavation and support procedures for 

underground openings.

 Relating the RMR and the Q-system
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44ln9  QRMR
50ln15  QRMR

Bieniawski (1976, 1989)

Barton (1995)
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Rock mass classification – Q-System

• Applications of the Q-system
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Rock mass classification – Q-System

Example 5
It is proposed to construct an underground tunnel 500 m 
below the ground. The drilled cores have an RQD of 85% 
and the number of joint sets is estimated to be 2. The 
joints are rough, undulating and unweathered with minor 
surface staining. The average uniaxial compressive 
strength of the cores is 190 MPa. The major principal 
stress acts horizontally and is twice the vertical stress. 
The unit weight of the rock is approximately 30 kN/m3. 
The excavation is relatively dry, with some dampness 
and negligible inflow. Estimate the Q-value.
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Rock mass classification – Q-System

Example 6
It is proposed to construct an underground tunnel in a 
sandstone rock mass, fractured by 2 joint sets plus 
random joints, average RQD is 70%, average joint 
spacing is 0.11 m, joint surfaces are slightly rough, 
highly weathered with stains but no clay found on 
surface, joints are generally in contact with apertures 
generally less than 1 mm, average rock material uniaxial 
compressive strength is 85 MPa. The tunnel is to be 
excavated at 80 m below ground level and the 
groundwater table is 10 m below the ground surface. The 
unit weight of the rock is approximately 27 kN/m3. 
Estimate the Q-value.
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Rock mass classification - GSI

• Geological Strength Index (GSI)
• GSI was introduced by Hoek (1994) with a heavy 

reliance on geological observations, and less on 
numerical values.

• GSI ranges from about 10 for extremely poor-quality 
rock mass to 100 for very strong unjointed rock mass.

• GSI is one of the parameters used in assessing the 
strength and deformability (stiffness) of the rock mass 
using the Hoek–Brown failure criterion.

• Based on the following two parameters:
 surface condition of the discontinuity;

 interlocking among the rock blocks.
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Rock mass classification - GSI

• Geological Strength Index 
(GSI) application
 Tool to estimate rock 

mass strength with the 
Hoek-Brown failure 
criterion.
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Chart for GSI estimates from geological 
observations (Hoek and Marinos, 2000).
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Rock mass classification - GSI
• Relating the GSI to RMR

• Relating the GSI to the Q-system
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Where RMR is determined assuming dry conditions at the excavation (rating 
increment = 15), with no adjustment for discontinuity orientations with respect to 
the project (very favourable; rating adjustment = 0).

Where Q’ is calculated assuming dry excavation (Jw =1) and medium stress with 
favorable stress condition (SRF = 1).
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Rock mass classification - GSI

Example 7
A granite rock mass has three joint sets, an RQD of 
85%, and average joint spacing of 250 mm. Joint 
surfaces are stepped and rough, unweathered with some 
stains, and have no separation. The average uniaxial 
strength of the intact rock cores is 190 MPa, and the 
excavation area is slightly damp. The excavation is at a 
depth of 200 m where no unusual in-situ stresses are 
expected. Find the RMR, Q and GSI values. Assume a 
rock unit weight of 28 kN/m3, very favourable joint 
orientation and that the vertical in-situ stress is the 
major principal stress.
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Rock mass classification – Other Systems
• Rock Mass Number (N)

• Rock Mass Index (RMi)
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pc JRMi 

Where N is determined as the rock mass quality Q-value when SRF is set at 1 
(i.e., normal condition, stress reduction is not considered). 

Where :
σc = uniaxial compressive strength of the intact rock material;
Jp = jointing parameter accounting for 4 joint characteristics, namely, joint density 
(or block size), joint roughness, joint alteration and joint size. 
Jp is in fact a reduction factor representing the effects of jointing on the strength 
of rock mass (Jp = 1 for intact rock, Jp = 0 for crushed rock masses).
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