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Dariusz Łydżba (Chairman)
Andrzej Nowakowski
Joanna Pieczyńska
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ERMR system and correlations with known rock mass rating systems
M. Jovanovski & I. Peshevski
Faculty of Civil Engineering, University “Sts Cyril and Methodius” Skopje, R. Macedonia

ABSTRACT: Excavation Rock Mass Rating (ERMR) system is developed on the basis of numerous investigations for different civil engineering and mining projects in R. Macedonia. In this system, all Rock Masses
are divided in seven classes. For each class, an adequate technology of excavation is suggested. Beside other
analyses, the correlation of ERMR with known rock mass systems is given in order to have data for parallel use
in solving of different practical problems. Notes about possible practical application of the system are analyzed
and results presented in short. It can be underlined, that the ERMR system is more adequate for assessment of
type of excavation technology for soft and hard rock, while for coarse grained sedimentary rocks, somewhat
modified classification can be used.
1

INTRODUCTION

One of the main problems in rock engineering is to predict ease of excavation of rock masses in an appropriate
manner. This is very significant in earthworks for civil
engineering works and in surface mines because of the
quantity of excavation masses. In fact, this is one of
the key problems in organization and technology of
excavation, prediction of costs and safety aspects.
Several authors give effort to establish acceptable
methodologies for practical use in this important scientific and practical field, as: Franklin et al. (1971),
Weaver (1975), Kirsten (1982), Abdullatif & Cruden
(1983), Pettifer & Fookes (1994), Singh et al. (1987),
Jovanovski (2001), Tsiambaos & Saroglou (2010).
In general, in all classifications, main parameters for assessment of excavatability are uniaxial
compressive strength, weathering degree, spacing of
discontinuities, hardness, seismic velocity, continuity, aperture, orientation and roughness of joints etc.
Anyhow, no particular method is universally accepted
because of the complex nature of the rock masses and
difficulties in determination of the input parameters.
Having this in mind, a classification system called
ERMR (Excavation Rock Mass Rating) is presented.
The classification is developed on the bases of
numerous investigations for different structures, with a
main idea to have possibility to determine easy of excavation for non-coherent and coherent soils, weak and
hard rock masses in one method (Jovanovski 2001).
Beside the analyses, several correlations of ERMR
with known rock mass systems are given in order to
have basis for parallel usage of the system for different
practical problems.
2

that input parameters shall be obtained with quick and
relatively simple tests, they should be relevant for the
properties of the rock masses and that same property
should not be taken into the evaluation twice or more
times (Bieniawski 1974).
Input parameters are related and representative for
the characteristics of the rock massif from one and
intact rock parts from the other side.
As characteristics of the intact rock the uniaxial
compressive strength (σc) or point load strength (Js)
alternatively, bulk density (γ) and hardness are considered. Hardness, can be qualitatively expressed trough
the Moss scale relative hardness (M) and quantitatively with value of Schmidt Hammer Rebound Value
(SHRV). The correlation is defined with following
equation after Jovanovski (2001):
where SHRV = Schmidt Hammer Rebound Value; and
M = hardness after Moss scale of relative hardness.
Characteristics of rock massif are presented with
average joint spacing (Ls) or as alternative with rock
quality designation parameter (RQD), condition of
fracture walls (continuity, aperture, roughness, infill
material etc).
Combining the ranges of values for individual
parameters, the total rating is defined (Jovanovski
2001). The range of values for each rock mass class
and ERMR class is presented in Table 1.
For all evaluation factors correlative curves are
defined, with a main goal to have possibility to assign
an adequate rating for all parameters. One example for
bulk density is given with following equation, while
the details are explained by Jovanovski (2001).

BASICS OF ERMR SYSTEM

The system is based on scoring, where the selection of
classification parameters is done respecting principles

where Rating (BD) = an adequate value for rating for
some value of bulk density; BD = bulk density of the
rock mass in kN/m3 .
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Table 1.
method.

ERMR class, rating and suggested excavation

ERMR class

ERMR rating

Excavation

I
II
III
IV
V
VI
VII

<10
10–25
26–40
41–50
51–60
61–80
81–100

Easy digging
Digging
Hard digging
Ripping
Hard ripping
Blasting
Hard blasting

In general, up to class III, the excavation method
will be digging, for class IV and V ripping is dominant
excavation method, while classes VI and VII are for
blasting.
In a practice, several special cases can occur. For
example, for coarse grained non-coherent rock masses,
large boulders can be secondary blasted. In certain
cases, selection of excavation method depends on the
available mechanization. For an example, if we have
a bulldozer type D9 or D9G, the media will be excavated with hard ripping, and in opposite we will apply
blasting procedure.
Sometimes, excavation method depends on the morphology of the terrain and the type of structure. For an
example, ripping is rarely used in tunnelling, in difficult morphological conditions and tight excavations
for bridge foundations and concrete dams, even if the
properties of the media allow it.
In cases when conditions for blasting are extremely
hard, where the specific consumption of explosives
is increased and where closely spaced blast holes
are needed, special cases for payment should be
agreed.
It is obvious that for each specific problem, evaluation of other external factors is needed, which can
affect choice of method of excavation, and which
are not included in the criteria of the classification
itself.
3

CORRELATIONS OF ERMR AND OTHER
CLASSIFICATION SYSTEMS

In the rock engineering practice, it is useful when several classification methods are used in parallel. The
idea is to perceive the degree of correlation between
different approaches, because the rock mass classification systems have some common parameters, therefore
a link might be expected between the ERMR and other
well known rating systems.
The established correlations are presented with the
following equations:

Figure 1. Correlation between ERMR value and Rock Mass
Rating after Bieniawski.

Figure 2. Correlation between ERMR value and Kr-value
from Kirsten classification.

where ERMR = Excavation Rock Mass Rating;
Kr = Rippability index after Kirsten: RMR = Rock
Mass Rating after Bieniawski; RMR (w) = Ripability
Mass rating after Weawer; and Vp = value of P-wave
velocity in km/s.
Graphical presentation of the defined correlations
is given in Figures 1–4.
It can be noted that determination coefficient for all
cases has very high values from R2 = 0.8 to R2 > 0.95
which indicates a very strong connection between the
analysed parameters.
The data for correlation are obtained from more than
45 case histories for large civil and mining projects, so
it is considered that for initial phases of planning, the
method can be very useful for practical application.
4

PRACTICAL APPLICATION OF ERMR
SYSTEM

The proposed classification method can be used
at a first place to choose adequate technology of
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Figure 5. Prediction of unit price per meter cubic using
ERMR value.
Figure 3. Correlation between ERMR and velocity of
P-waves.

while the tendering price or real price of excavation
shall be prepared according to the market and field
conditions.
5

CONCLUSIONS

Based on numerous investigations for specific structures, Excavation Rock Mass Rating classification
system is developed. All rock masses are divided in
seven basic classes, and for them a recommendations
for possible method of excavation, mechanisation etc.
is given.
The system well correlates with other classification
systems (RMR after Bieniawski, value of longitudinal
seismic Vp-waves propagation, Kirsten method and
others).
Having in mind that the empirical methods are
based on certain level of experience, the philosophy
of the methodology it should be subjected to critical
reviewing in time, and should be used in combination
with other methods.
Anyhow, it can help a lot in defining of technology
of excavation, selection of excavation equipotent and
cost of excavation.

Figure 4. Correlation between ERMR and Rippability Mass
Rating after Weaver (1975).
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