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Rock Materials

• The term "Rock Material" refers to the intact rock 
within the framework of discontinuities.

• In other words, this is the smallest element of 
rock block not cut by any fracture. 

• There are always some micro fractures in the rock 
material but these should not be treated as 
fractures.

• Rock material' differs from 'rock mass' which 
refers to in-situ rock together with its 
discontinuities and weathering profile. 

• Rock material has the following characteristics:









Uniaxial Compression

Rock failure in uniaxial compression occurs in 
two modes:

• (i) Local (axial) splitting or cleavage failure 
parallel to the applied stress, and

• (ii) Shear failure.



• Local cleavage fracture:
Local cleavage fracture characterizes failure initiation at 
50 percent to 95 percent of the compressive strength 
and is continuous throughout the entire loading 
history.

• Axial cleavage fracture: 
Axial cleavage fracture is a local stress relieving 
phenomenon which depends on the strength 
anisotropy and brittleness of the crystalline aggregates 
as well as on the grain size of the rock.

• Local axial splitting is virtually absent in fine grained 
materials at stress levels below their compressive 
strength.



ROCK QUALITY DESIGNATION-RQD
• Rock quality designation RQD was introduced by 

D. U. Deere in 1964 as an index of assessing rock 
quality quantitatively. It is a more sensitive index 
of the core quality than the core recovery.

• The RQD is a modified per cent core-recovery 
which incorporates only sound pieces of corethat
are 100 mm (4 inch.) or greater in length along the 
core axis,



Methods of obtaining RQD

• 1. Direct Method

For RQD determination, the International Society 
for Rock Mechanics (ISRM) recommends a core 
size of at least NX (size 54.7 mm) drilled with 
double-tube core barrel using a diamond bit.

• A slow rate of drilling will give better RQD. 

• The relationship between RQD and the 
engineering quality of the rock mass as proposed 
by Deere (1968) is given in Table





RQD and Rock Quality



Methods of obtaining RQD

2.Indirect Methods

a. Seismic approach

• The seismic survey method makes use of the 
variation of elastic properties of the strata that 
affect the velocity of the seismic waves travelling 
through them, thus providing useful information 
about the subsurface strata. 

• This method has the advantages of being 
relatively cheap and rapid to apply and helps in 
studying large volume of rock masses. 



• The effect of discontinuities in rock mass may 
be estimated by comparing the in-situ 
compressional wave velocity with laboratory 
sonic velocity of intact drill core obtained from 
the same rock mass.

• RQD(%)=Velocity ratio

=(VF/VL).100

where VF is insitu compressional wave velocity, 
and VL. is compressional wave velocity in intact 
rock core.



b. Volumetric Joint Count approach
When cores are not available, RQD may be estimated from 
number of joints (discontinuities) per unit volume Jv. A 
simple relationship which may be used to convert Jv, into 
RQD for clay-free rock masses is (Palmstrom, 1982),
RQD = 115 - 3.3 Jv

where Jv represents the total number of joints per cubic 
meter or the volumetric joint count

• Jvis a measure for the number of joints within a unit volume 
of rock mass defined by

• Si is the average joint spacing in metres for the ith joint set 
and J is the total number of joint sets except the random 
joint set



• RQD is a simple and inexpensive index, BUT, 
when considered alone it is not sufficient to 
provide an adequate description of a rock 
mass because it disregards joint orientation, 
joint condition, type of joint filling and stress 
condition.



ROCK MASS CLASSIFICATIONS

• Hoek and Brown (1980), Goodman (1993) and Brown 
(2003), among others, have reviewed the considerable 
number of rock mass classification schemes that have 
been developed for a variety of purposes. 

• Two of these schemes, the NGI tunnelling quality 
index (Q) developed by Barton et al. (1974) and the 
CSIR goemechanics or Rock Mass Rating (RMR) 
scheme developed by Bieniawski (1973, 1976), are 
currently widely used in civil engineering and in mining 
practice.

• The more recent system, GSI system introduced by 
Hoek (1994) and developed further by Marinos and 
Hoek (2000)



Bieniawski’s geomechanics classification
• Bieniawski (1973, 1976) developed his scheme using data obtained mainly from 

civil engineering excavations in sedimentary rocks in South Africa.
• Bieniawski’s scheme uses five classification parameters

1 Strength of the intact rock material. The uniaxial compressive strength of the
intact rock may be measured on cores as described in section 4.3.2. Alternatively,
for all but very low-strength rocks, the point load index (section 4.3.9) may be used.

2 Rock Quality Designation (RQD) as described before

3 Spacing of joints. In this context, the term joints is used to describe all 
discontinuities.

4 Condition of joints. This parameter accounts for the separation or aperture of
discontinuities, their continuity or persistence, their surface roughness, the wall
condition (hard or soft) and the nature of any in-filling materials present.

5 Groundwater conditions. An attempt is made to account for the influence of
groundwater pressure or flow on the stability of underground excavations in terms
of the observed rate of flow into the excavation, the ratio of joint water pressure
to major principal stress, or by a general qualitative observation of groundwater
conditions.



NGI Q-System
This classification was developed by Barton et al. (1974) as a means 

estimating support requirements for hard rock tunnels in Scandinavia as 
a function of an index of rock mass quality, defined as,

• RQD is the Rock Quality Designation discussed before
• Jn is the Joint Set Number which represents the number of joint sets in 

the rock mass, varying from 0.5 for a massive rock mass with no or few 
joints to 20 for crushed or diaggregated rock;

• Jr is the Joint Roughness Number which represents the roughness of 
the structural features in the rock mass, varying from 0.5 for 
slickensided, planar surfaces to 5 for non-persistent structures with 
spacings larger than 3 m;



• Ja is the Joint AlterationNumberrepresenting the 
condition or degree of alteration  of the structures in 
the rock mass, varying from 0.75 for wall-wall contact 
in unaltered rock or for joints containing tightly healed, 
hard, non-softening, impermeable filling to 20 for 
structures with thick fillings of clay gouge;

• Jw is the Joint Water Reduction Factor representing 
the groundwater conditions, varying from 0.05 for 
exceptionally high inflows or for water pressure 
continuing without noticeable decay to 1.0 for dry 
conditions or minor inflows; and

• SRF is the Stress Reduction Factor which is a 
coefficient representing the effect of stresses acting on 
the rock mass, varying from 0.5 for high stress but tight 
structure conditions in good quality rock to 400 for 
heavy squeezing rock pressures or heavy rock burst 
conditions and immediate dynamic deformations in 
massive rock.



The three quotients in Q-equation  may be taken to represent the 

block size =

the inter-block frictional shear strength =

and the “active stress” =

respectively



Geological Strength Index (GSI)

• Hoek (1994) and Hoek et al. (1995) introduced 
a new rock mass classification scheme known 
as the Geological Strength Index (GSI). 

• The GSI was developed to overcome some of 
the deficiencies that had been identified in 
using the RMR scheme with the rock mass 
strength criterion

• GSI is for strength and deformability of rock




