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Abstract. Rock charac terization for geotechnical 
purposes using the microhardness technique is 
discussed in this paper . The concept of rock 
charac terization and its steps are logically 
developed. The geotechnical properties should be 
functionally tethered to the technological 
problems for characterizat ion. The overriding 
geotechnical concern is rock mass stability . 
The important factors in this respect are rock 
properties, structural discontinuities, ground 
water, field stress, temperature and techno logi
cal fa c tors. The rock properties are the primary 
factors and the other factors general ly affect 
rock properties. Of the rock properties the 
strength and elastic properties can forma basis 
for rock characterization. The microhardness 
technique can provide the se two propert ies. 
Study on coal shows that the microhardness im
pressions can be used for this purpose.On the 
basis of this study coals of al 1 ranks can be 
divided into distinct geotechnical groups . The 
details of these are discussed in this paper. 

INTRODUCTION 

Of ail different properties of rocks, for ex
ample, optical, magnetic, decorational, chernical, 
geotechnical and others, only the geotechnical 
properties are of real significance in mining and 
civi I engineering. These properties govern the 
behaviour of rocks and the rock mass. 

Most of the activities in mining and some in 
civil engineering are essentially working with 
rock and rock mass. More specifical ly, it means 
cutting or breaking rocks, designing and develop
ing engineering structures in rocks, supporting 
these structures for a short or a long period ac
cording to specific requirements, and letting or 
forcing them to col lapse when so required. In 
al 1 cases, the emphasis is upon predicting per
formance of the rocks being excavated and the 
surrounding rock mass . It also means trans
porting the broken rocks to the surface or to a 
place where they wi 11 be prepared, proc essed or 
used. Again, this should be carried out with the 
formation of minimum amounts of undesirable dust 
in Cutting and during transportation. The main 
objective is to design the operation at the 
highest level of productivity and recovery and at 
minimum cost without sacrificing safety . 
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It is therefore important chat the properties 
influencing rock mass stability, rock fragmenta
tion and others are clearly identified and their 
effe c ts on specifi c geotechnical problems are 
given a charac terization rating. 

Severa! r ock classifi c ation / characterizati o n 
systems have gradually evo lved with different 
te s t methods or parameters used to establish 
different s y stems (Terzaghi, 1946; Lauffer, 1958; 
Coates, 1964 ; Barton, Lien and Lunde, 1974; 
Bienawski, 19 75). These are general rock classi
fication systems that were de veloped for civil 
engineering purposes. There are some other 
systems developed specifically for mining appli
cations (Vinac our, 1964; Pawl owicz, 1967; USHM, 
1973; Laubscher, 1977; Hybert, 1978; Korovkin, 
1980; China Coal Soc . , 1982; CANMET, 1983). 

There is a long list of rock classification 
systems other chan chose cited above. The 
reasons for this long lise are : (a) rock classi
fication is still in the development stage, and 
(b) no single classification system is universal
ly applicable to satisfy the needs for different 
technological problems. Therefore a few differ
ent classification systems are required to c over 
the encire spectrum of the technological 
problems. 

The microhardness technique offers a simple 
method for characterizing rocks. Although it is 
suitable for most roc ks this paper discusses the 
results on coals. 

THE CONCEPT OF ROCK CHARACTERIZATION 

Like any other scient ific study rock charac
terization should also be conceived with respect 
to some referenc e framework. Here the reference 
framewo rk is the practical application of roc k 
characterization . Only geotechnical appli c ations 
have been considered in this stud y as they con
stitute the maj o r applications in mining and 
civil engineering . 

The Basic Steps 

Rock charac terization is meaningful only when 
the fa c tors involved are functionally tethered to 
practical problems for applications. In view of 
this, a sound rock c haracterization method sho uld 
have the following steps. 



- sorting out the geotechnical problems into 
functional groups, 

identifying the rock properties and other 
factors affecting these problems, 

- devel oping · suitable test methods for deter
mining these properties, 

- establishing functional correlations between a 
set of properties or factors and the problems, 
and 

ve rifying these correlations in practice. 

Ceotechnical Problems 

Almost al I geotechnical problems can broadly 
be divided into the fol lowing major groups; (a) 
Rock mass stability, (b) Rock breakage and hand
ling and (c) Environmental problems. The details 
of these groups are shown in Table 1. 

Rock Properties and Other Factors Affecting 
Ceotechnical Problems 

The geotechnical characteristics of rocks 
mainly depend on the following: (a) Rock 
properties, (b) Structural discontinuities in the 
rock mass, (c) Cround water, (d) Field stress, 
(e) Temperature and (f) Technological factors. 

Rock properties are divided into the following 

2 

principal groups: (a) Standard static properties, 
(b) Rheological properties, (c) Dynamic proper
ties, and (d) Triaxial and penetration 
properties.Structural discontinuities include 
faults, Joints, cleats, other slip planes, etc. 
The effects of ground water on rocks are due to 
pore pressure and physico-chemical alteration. 
Field stress and temperature directly affect rock 
properties . The technological factors include 
excavation geometry, rate and method of excava
tion, dynamic stresses due to blasting and Joad 
transfer, etc. Sorne examples of geotechnical 
prob I ems a ffec ted by rock propert i es, st rue t ura 1 
discontinuities and ground water, etc. are 
presented in Table 1. 

The Principal Property Croups for a Basic Rock 
Characterization System 

Of the five factors influencing geotechnical 
characteristics of rocks as stated before, only 
the rock properties may be considered as the pri
mary factor, Leaving aside the effects of any 
dominant geologic features, the influences of 
other factors on geotechnical characteristics are 
generally indirect and mainly through their ef
fects on rock properties. If the properties are 
determined through in situ tests some of these 
effects are automatically accounted for. But as 
the in situ tests are difficult and not always 
possible, rocks are often characterized on the 
basis of laboratory tests after making adjust-

Table l - Sorne important geotechnical probl ems in mining and civil engineering and the properties 
affecting them. 

-
FlEL.D PROBL.EM SPECIFIC PROBLEM/ACTIVITY IMPORTANT CEOTECHNICAL. PROPERTIES 

CROUP AFFECT INC THE PROBLEMS 
-

Sur face Rock mass - highwall stability - shear st rength, geologic features, ground water 
mining/ stability - base/floor stability - penetration strength/hardness 
surface - waste dump stability - cohesion, friction 
excavat-
ion Rock brea- - coal cutting/digging - penetration hardness/strength 

lcage and - soi l stripping - cohesion 
handl ing - coal/rock blasting - dynamic strength 

- rock hand I ing - different strength and elastic properties 

Under- Rock mass - shaft, roadway and face - di fferent strength and elastic properties 
ground stability design/support 
mining/ - pillar design/strength - triaxial/tensile strength, Young's modulus 
civil - floor strength - penetration hardness/strength, ground water 
engineer- - load transfer and - triaxial strength, Young's modulus 
ing pressure readjustment 
tunnel - roof caving/void filling - shear/bending strength, coefficient of loosening 

- surface subsidence and - coefficient of loosening, uniaxial compressive 
subsurface movement strength 

- rockburst - brittleness, reversible energy capacity 
- back fi 11 - triaxial strength 

Rock 
breakage - coal cutting - penetration hardness/strength 
and - coal/rock blasting - dynamic strength 
handling - rock handl ing - different strength and elastic properties 

- ·-
Yurface/ &nviron- - duat format ion and 11•• - brittleneaa, reveraibl• •n•ray capadty, joint a 
undergr- mental em(aalon control 
ound exc- problems - contrai of ground water - geological features 

' 
perme ab i I i ty 

avation move1uent 



raents for different field factors. 

The rock properties are further divided into 
the following main two groups: (a) Strength prop
erties, (b) Elastic properties. Strength proper
ties include different properties as mentioned 
before and represent resistance to deformation. 
Elast ic propert ies govern the mode of deforma
t ion/fai lure, such as elastic or plastic, brittle 
or ductile, etc. Also, elastic properties pro
vide a measure of modulus and limit of elastic
ity. Thus if a technique can determine some of 
the properties in the above two groups that 
method wi 11 serve as a bas is for rock character
i zat ion. 

The influence of ail the factors on the geo
technical characteristics of rocks can mathemat
ically be expressed as follows : 

C • F(R) • f(Rs,Re) 

1,1here, C - Ceotechnical characterist ics 
R - Rock properties 
R9 - Strength properties of ro~ks 
Re Elastic properties of rocks 

Therefore, 
?G n dG 
ans - dl\ °aRs 

and 
?G •dG JR a Re • dR ane 

Aise, 

R • (Rs ,Re) F( D, li, S,T,O) 

1,1here, D - Structural discontinuities 
li - Ground wat cr 
S - Field stress 
T - Tempcrature 
0 - Technological factors 

The re fore, 

?G 
aii • 

Similar relations are true for ll,S,T,O 

(1) 

( 2) 

{)) 

(4) 

( 5) 

These relationships are important in develop
ing various fonctions. vectors or matrices on 
rock characteri zat ion based on a detai led stu<ly 
of those variables. 

THE MICROHARDNESS TECHNIQUE 

The standard form of microhardness in practice 
is the micro-indentation hardness. The specimen 
to be tested is subjected to a given load applied 
onto a microindenter. The hardness, in this 
case, is known as microhardness and is expressed 
as the ratio of the appl ied load to the total 
slant area of the permanent impression. 

The two common type of indenters are known as 
Vicker's pyramid and Knoop's pyramid. The micro
hardness determined using these two pyramids are 
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respectively known as Vicker's microhardness 
(Morley,1944) and Knoop's microhardness (Knoop, 
Peters and Emerson,1939). The indenter in 
Vicker's hardness is a square based diamond 
micropyramid whose opposite faces form an angle 
of 136• (Figure 1-a) . Knoop's indenter on the 
other hand is a rhombus based diamond micro
pyramid with longer diagonal approximately seven 
times the shorter diagonal (Figure 1-b) . The 
angle subtended by the longer and the shorter 
edges are 172' 30' and 130• respectively. 

Microhardness Equations 

The derivation of the microhardness equations 
(Vicker's and Knoop's) from the definition of 
hardness provides a very clear understanding of 
the physical meaning of hardness. This is of 
significance when using the microhardness tech-
nique for rock characterization. This aspect is 
discussed later under this major subheading. 

C 8 8' 

(a) 

(b) 

figure 1 - Plan anJ siJe view of micropyramid/ 
impression. (a) Vicker's, (b) Knoop's 

~icker's and Knoop's Hardness Equations: Vicker's 
mi~r0harJn~ss is defined as the ratio of the ap
pl ied loaJ to the total slant area of the perman
ent impression and represented by the fol Jawing 
equation: 

llv • li / A, ..•.• ••• .•••• , , ••••. , ••. (6) 
wht!re, Hv- Vicker 1 s microhardness 

li - Appt ied Joad 
A - Total slant area of 

pl:!rmanent impression 



The area A can be expressed in terms of the 
diagonal of the impression as follows: 

Area of contact is the sura of the four slant 
triangles: ô GAB,ô GBC, !IGCD AJH> ô GAD • 
4 ôGAD (as ail the triangles are congruent), 
(Figure 1-a) 

Now ôCAD • l/2 AD. A'C' • 1/2 (2ab) • 

~ -sin9/2 
a2 

sin 9/2 

but a• 
d 

'ï1i 

Therefore the total area of contact 

A • 4d 2 

8sin9/2 

Therefore, 

w 
liy - A 

, 
tl-

2sin9/2 

w 
d2/zsin9/2 

rn 
";i'2 

211 
dz · 

( 7) 

(8) 

(9) 

S inll/ 2 

( Il)) 

where, K is a constant and 8 and d are shown in 
Figure 1-a. 

It may now be said that in calculating Vick
er's hardness the total area of the permanent im
pression is the basis, and not just the diagon
als. The occurrence of the diagonals in the for
mulais a geometrical fact. In reality, however, 
the diagonals are measured irrespective of the 
fact whether the area is fully or partly develop
ed or whether only the diagonals remain as the 
residual impressions. Further work, which will 
be the subject matter of a future research pape~ 
will explain the reason for the morphological 
variation of the impression. 

Knoop's hardness equation can similarly be 
derived as follows : 

w 
Hk • A (li) 

whe re, 
Hk - Knoop's microhardness 

W - Applied load 

A - Total slant area of permanent 
iiapress ion 

Substituting the value of A which can be deter
mined from Figure 1-b, Knoop' s mkrohardness is 
repreaented by the following equation: 

llk • 

( 12) 

4 

where, C, is a constant and t , a and S are shown 
in figure 1-b. 

Pnysical Concept of Vicker's Hicrohardness 

The microharJness equat ions as derived above 
indicate that microhardness can be determined 
from the applied load and the length of the per
manent impressions irrespective of the morphology 
of the impressions. It has been observed that 
impressions under a given load having nearly ide
ntical size of diagonals had different morpholo
gy as shown in Figure 2 (Das,1985). Therefore, an 
analysis of the impression morphology is also im
portant for characterizing the material. Whereas 
Vicker' s microhardness is a measure of strength 
properties, the impression morphology is a refle
ction of elascic properties. All these aspects 
are discussed under the next major subheading. 

THE HICROHARDNESS TECHNIQUE FOR COAL 
CHARACTERIZATION 

As discussed before the strength and elastic 
properties of rocks can serve as a basis for rock 
characterization. The microhardness technique 
can provide the essential components of these two 
groups of properties directly and some other com
ponents through indirect correlations. Therefore 
this technique can be used for rock characteriza
t ion. 

Properties from Hicrohardness Test 

Theoret ical analysis of the microhardness 
technique as well as experimental study on coals 
using this technique indicates that some strength 
and elastic properties can precisely be deter
mined. Although Knoop's microhardness method has 
also been investigated, the results of Vicker's 
microhardness study on coals are discussed here. 

The following important properties can be 
determined from microhardness test: (Table 2): 
Vicker's microhardness (Hv): This is an index 
of strength 
Uniaxial compressive strength ( o ul and 
penetration_ strength ( op) :correlations have 
been establ1shed between, these two quantities 
with Vicker's microhardness (Das and Hucka, 
1975) 
Youngs modu lus (E): It has been theoret ica l ly 
established (Honda and Sanada,1956) that : 
E • 2.71 Hv 
Penetration modulus (Ep) and penetration brit
tleness (Bp) : Correlations have been estab
lished between these two quantities and 
Vicker's microhardness (Das and Hucka, 1975) 
Brittleness (B) : An index of brittleness can be 
established from the morphological analysis of 
the Vicker's microhardness impressions. Also, 
a quantitative measure of brittleness as a 
function of microhardness and macrohardness 
has been established (Hucka and Das,1974). A 
similar quantity, the so called, fissure 
factor was also established as a fonction of 
Vicker's microhardness and macrohardness 
(He inze, 1958). 
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Figure 2 - Vicker's microhardness imp:essions 
showing identical diagonal size but different 
morphology 

The brittleness index determined from the 
morphology of the microimpressions are shown in 
Figure 3. The following aspects of the micro
impressions are studied in giving a brittleness 
rating: size, shape, depth, boundary, microcracks 
and external area. The rating ranges frorn 1 to 10 
where l indicates lowest brittleness and 10 the 
highest. Sorne representative photographs of 
Vicker's microimpressions are presented in 
Figures 4-11. 

Characterization of Coals 

The results of the microhardness study on 
coals of al l ranks from lignites to anthracites 
indicate that a basic characterization system can 
be developed from the strength and elaatic pro
perties of coal. 

The microhardness of coal varies with coal 
rank producing an oscillating curve (Figure 
12).0n the other hand, brittleness increases 
steadily with rank (Table 2, Figure 3). Accord
ingly, coals of al l ranks can be divided into 
four broad groups (Table 3), This system can be 
easily extended by forrning different other sub 
groups with intermediate values. Sorne geotech
nical characteristics of each group are indi c ated 
in Table 3. Sorne nongeotechnical characteristics, 
for example, susceptibility to spontaneous heat
ing, methane capacity, coking characteristics, 
etc. can also be predicted for the groups . Thus 
the coals in Group I are highly suscept ibi le to 
spontaneous heating, almost free of methane and 
are non-coking (Figure 4). Again, those in Group 
III have low susceptibility to spontaneous heat
ing, a high methane riak and are prime coking 
(Figure li). 
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T~ble 2 - Vicker' microhardness tests results and other mechanical properties for 
dlfferent ra11ks of coal. 

Serial Carbon % Volatile % Vicker's Penetration Penetration Brittleness 
No, of the of the microhard11ess strength brittleness Index 

coal coal (llv) (op) (Bp)% (B) 
&ubs tance substance 
(d .m. f.) (d .m. f.) (kg/min2~9 .8HN) (kg/mm2•9.Srw) 

l 61. 23 62. 14 18. 21 17.00 10.21 l 
2 64, 72 64.24 19.32 19. 2 5 10.56 2 
3 66.46 59. 99 19.78 20. 78 10 .68 3 
4 68 .23 56.39 2 2. 5 2 20.52 1).53 
5 71. l 3 55. 4 2 25. 09 21.64 14. 7 5 
6 72.05 50.80 26.24 25.00 18.23 
7 74. 12 51. 9 5 JI .06 26.)7 18.22 4 
8 76.88 49.99 35. 10 2 7. 9) 21 . 5 7 
9 76. 98 36.48 37. 17 28.34 24. 10 

10 78 . 50 40.52 38.62 29.00 26.22 
Il 80.62 37.09 25.35 20. 86 41. 9 7 s 
12 81 . 28 35. 8 3 41. 9 7 J l. 53 30, 2 3 
13 8 l. 58 36.28 40.25 33.26 32. 20 
14 82.03 36.52 42 .03 34. 77 32. 29 
15 82. 12 37.30 39.24 34 .09 33. 77 
16 82.34 36.53 38.07 34. 85 34. 19 
17 82.95 36. 6 7 35.02 34. 13 35. 00 
18 8). 12 34 .88 39. 11 32.09 35.62 
19 83. 15 36.91 35.23 35.69 35 .42 6 
20 83.23 32. 5 7 35.62 32.42 35. 73 
21 84. 5 l 32.80 35 .60 3).3) 39. 7 2 
22 86.06 32.08 31. 52 3 l. 28 41. 33 
23 86.3) )!. 24 26.87 )!. 74 4 l. )9 
24 86 .44 23.68 24 .42 22 .4 5 48.44 
25 86. 96 2 7. 65 26. 16 26.24 40.00 7 
26 87. 92 30.57 24.55 24 .00 45.21 
27 88.39 23. 1 3 2 3. 80 2 2. 1 5 48.33 
28 89.17 17. l 2 23. 22 21. 24 49.95 8 
29 89.58 18.54 24 .4 1 20. 7 3 49.82 
30 90.46 15.54 26.75 22. 5 2 51.08 
31 90.61 14 .8.:. 27.72 22 . 79 52. 73 9 
32 91. 74 5.52 No 37 .00 52. 6 7 
)) 92 .47 12.)8 impress- 41. 18 54 .03 
34 94.22 5. 21 ion 63,38 5).26 10 

• 
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Lignite 
C - 65% 
n - 3 

Suh-bituminous 
Coal 
C - 75% 
B - 4 

Sub-bituminous 
Coal 
C - 80% 
li - 5 

Caking Coal* 
C 83't 
B - 6 

Coking Coal 
C - 87% 
B - 7 

Prime Coking Coal 
C - 89.51 
B - 8 

SE-mi-anthracite 
C-91.5% 
B - 9 

Anthracite 
C '> 93.3% 
B - 10 

Figure 3 - Brittleness of coal from Vicker's 
microimpressions. C - Carbon percentage in 
coal (dmf), B - Brittleness index (Brittleness 
inc reases with index)(*Caking '::;é: Coking). 
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Figure 6 - Vicker's mi c rohard ness impressions. 
(Load: 20g, 50g, 100g); magnificat ion 350X ; 
medium rank sub-bituminous coal . 
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Figure 7 - Vi c ker's microhardness impressions. 
(Load: 20g , 50g, 100g); magnification 350X ; 
high rank sub-bituminous coal. 



Figure 8 - Vicker's microhardness impressions. 
(Load: 20g, 50g, 100g); magnificaiton 350X; 
low rank bituminous coal. 
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Figure 9 - Vicker's microhardness impressions. 
(Load: 20g, SOg, lOOg); magnification 350X; 
caking coal. 
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Figure 10 - Vicker's microhardness impressions. 
(Load: 20g, 50g, 100g); magnification 350X; 
low rank coking coal. 

Figure 11 - Vicker's microhardness impressions. 
(Load: 20g, 50g, 100g); magnification 350X; prime 
coking coal. 

Table 3 - Geotechnical classification of coal based on Vicker's microhardness tests 

CROUP TYPICAL GEOTl::CIINICAL GEOTECIINICAL 
COAL PHOPERTI ES Cl!ARACTERISTICS 

I Lignites, low llv ,{,., 20 Soft and duce ile coal, di fficult CO eut, 
rank sub- no cracks, Jess fines or dust, Jow 
bituminous coals B <. 4 abutment pressure 

Il Low volatile su- Hy . 40 liard and elastic coals, blocky pieces, 
b-bituminous and Jess cracks, Jess fines, out burst 
high vol at i Je B - 5 prone 
bituminous coals 

III Coking coals Hv < 25 Soft friable coal s, highly fractured, 
high amount of fines, higher permeability 

B - 7 to 8 and methane emmission rate 

IV Semi-anthrac ites llv /' 60 Ver y hard and br i t t Je coals, dusry but 
and not to an extreme degree, high abutment 
anthracites B - 9 to 10 pressure, highly prone Co rock burst 

Hv - Vicker's microhardness (kg/mm2 E 9.8 MN), B - Brittleness index 

• 
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Figure 12 - Vicker's microhardness versus rank 
of coal expressed as the percentage of Carbon 
(C)(dmf) 

CONCLUSIONS 

The microhardness technique provides a simple 
and reliable tool for rock characterization. 
Microhardness as a penetration property is a 
better representative of the strength character
istics than uniaxial compressive strength for 
such factors as cutting resistance, floor bearing 
capacity, and roof resistance. Also, the micro
hardness represents some sort of tri axial 
st rength due to self-confinement and there fore 
will serve as a becter index in many practi ca l 
problems involving self-confinement. The micro
hardness impressions are of great value in deter
mining strength and elastic properties. Only a 

skeleton classification system which can be fi li
ed or extended through further study is developed 
in this paper. With modern microhardness testers 
the work on microhardness is expected to advance 
by leaps and bounds. 
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