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A large number of brittleness concepts have been used in
very different studies in the literature. One of them is the B1
brittleness concept. In this study, the objective is to criticize
the B1 brittleness concept on rotary blast hole drills.

The B1 brittleness concept, the ratio of uniaxial
compressive strength (σc) to tensile strength (σT), are widely
used as a rock brittleness concept in the literature (Inyang
and Pitt, 1990; Verhoef, P.N.W. 1993; Neil, D.M. et al. 1994;
Becker, et al. 1984; Evans and Pomeroy, 1966; Göktan, R.M.
1992; Kahraman, S. 2001; Yamaguchi, U. 1970; Verhoef,
P.N.W. et al. 1996; Bilgin, 1982; Howarth and Rowlands,
1987; Howarth, D.F. et al. 1986). So, it was used as a rock
brittleness concept in this article. The value of the B1
brittleness concept is equal to the tangent of β angle in the
following graph. It was seen that more meaningful
relationships could be obtained with the B2 brittleness, the
under ‘Area’ (= 1/2 (σc x σT) = B2) under the curve, instead of
tangent β, (=B1), of the curve.

Inyang and Pitt (1990) stated that the ratio of the
compressive strength is directly proportional to brittleness.

The usability of the under Area the curve as a brittleness
concept (B2) was considered instead of the B1 
brittleness concept (tangent β). The phenomena was
investigated and compared with the B1 brittleness concept in
this article. The relationship between B2 brittleness and
drillability index with rock properties was obtained more
reliably than the B1 brittleness index (Figures 2–4 in the
article). The description of the B2 brittleness concept was
defined in detail in Altindag (2000a, 2000b).

Also in the percussive drillings, more reliable
relationships between penetration rate and B2 brittleness

concept were obtained than the B1 brittleness concept
(Altindag, 2000a 2000b, 2002).

Finally, it was seen that more meaningful relationships
between the B2 brittleness concept and drillability index with
rock properties can be obtained than by using B1 brittleness
concept.

References

ALTINDAG, R. An analysis of brittleness on percussive drilling, (in Turkish), J.
Of Geosound, Dec. no. 37, 2000a. pp. 167–170.

ALTINDAG, R. The role of rock brittleness on analysis of percussive drilling
performance, (in Turkish). Proc. of 5th National Rock Mech. Symp.,
Turkey, 2000b. pp. 105–112.

ALTINDAG, R. The assessment of rock brittleness concepts in percussive drilling
performance. Proc. of Advancing rock mechanics frontiers to meet the
challenges of 21st century Symp. 2002. India.

BECKER, H., LEMMES, F., and SCHOMMER, M. Testing of rock mechanics as a basis
for improved cutting technology. Glückauf+Translation, 120, no. 8, 1984.
pp. 122–124.

BILGIN, N. 1982, Zonguldak kömür havzasında burgu davranı_larının etüdü (in
Turkish). Tübitak Project MAG-548, p. 67.

EVANS, I. And POMEROY, C.D. The strength fracture and workability of coal.
Pergamon press, 1966. 227p.

GÖKTAN, R.M. Rock brittleness ratio and its applicability in percussive drilling
performance analyses, (in Turkish). Anadolu Univ., J. of Eng. Fac., vol. 8,
no.1, 1992. pp. 89–99 .

HOWARTH, D.F., ADAMSON, W.R., and BERNDT, J.R. Correlation of model tunnel
boring and drilling machine performances with rock properties. Int. J.
Rock Mech. Min. Sci. and geomech. Abstr., vol. 23, 1986. pp. 171–175.

HOWARTH, D.F., and ROWLANDS, J.C. Quantitative assessment of rock texture and
correlation with drillability and strength properties. Rock mech. and rock
Engineering, 20, 1987. pp. 57–85.

INYANG, H.I. and PITT, J.M. Standardization of a percussive drill for
measurement of the compressive strength of rocks. Proc. Of the Thirty
First. U.S. Symp. On Rock Mech., Denver, 1990. pp. 489–496.

KAHRAMAN, S. Correlation of TBM and drilling machine performance with rock
brittleness. Engineering Geology, no. 65. 2002. pp. 269–283.

NEIL, D.M. et al. Production estimating techniques for underground mining
using roadheaders, SME Annual meeting, Albugue NM, Feb.27. 1994.

VERHOEF, P.N.W. Abrasivity of Hawkesburg sandstone in relation to rock
dredging. Quaterley Journal of Engineering Geology, 26, 1993. pp. 5–17.

VERHOEF, P.N.W., OCKELOEN, J.J., and VAN KESTEREN,W.G.M. The significance of
rock ductility for mechanical rock cutting. Rock mechanics, (Aubertin,
Hassin and Mitri, eds.), 1996. pp. 709–716.

YAMAGUCHI, U. The number of test-pieces required to determined the strength of
rock. Int. J. Rock Mech. Min.Sci., vol. 7, 1970. pp. 209–277. ◆

Reply to H.G. Denkhaus
‘Brittleness and drillability’
in the Journal of SAIMM, vol 103. no. 8. pp. 523

by R Altindag

©The South African Institute of Mining and Metallurgy, 2003. SA ISSN
0038–223X/3.00 + 0.00.

Area

βU
ni

ax
ia

l c
om

pr
es

si
ve

 s
tr

en
gt

h 
(σ

c)

Brazilian tensile strength (σT)



▲

526 OCTOBER 2003 The Journal of The South African Institute of Mining and Metallurgy


