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Estimates of rock mass strength 
 
 
 

In the preliminary stages of a rock engineering design the need for 
approximate estimates of rock mass strength frequently arises. 
Several authors have published empirical estimates of rock mass 
strength, based on rock mass classification systems. These 
estimates, together with available data from in situ measurements, 
are summarized in Figure 1. Hoek et al (2002) and Barton (2000) 
have extended these empirical relationships to allow for different 
intact rock strength values and for disturbance due to blast 
damage and stress relaxation. These extended relationships are 
summarized in Figure 2. All of these relationships are intended to 
provide initial estimates of the rock mass properties and they 
should be used with caution in engineering design. In critical 
cases it is strongly recommended that the estimates should be 
confirmed by in situ measurements or by back analysis of 
excavation behaviour. The use of RMR values of less than 20 and 
Q values of less than 0.01 for making these estimates is not 
recommended because of the dominant role of RQD in these 
classifications and the difficulty of determining its value for very 
poor quality rock masses. It is recommended that only directly 
determined values of RMR, Q and GSI should be used for making 
these estimates and that equations relating these classifications 
should not be used. 
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 In situ tests from construction sites in Turkey Aydan, O and Dalgic,S, 1998 

 )9/)100exp(( −= RMRcicm σσ  Hoek, E and Brown, E.T., 1980 

 ))100/)100((65.7exp( −= RMRcicm σσ  Yudhbir and Bieniawski, Z.T., 1983 

  )24/)100exp(( −= RMRcicm σσ  Kalamaris, G and Bieniawski, Z.T, 1993 

 )20/)100exp(( −= RMRcicm σσ  Sheorey, P.R. 1997 

 )75.18/)100exp(( −= RMRcicm σσ  Ramamurthy, T, 1986 

 )))100(6/(( RMRRMRRMRcicm −+=σσ  Aydan, O and Dalgic,S, 1998 
 mi = 10, for confined conditions with D = 0 Hoek et al, 2002 
 )3/1()100(5 cicm Qσγσ = , γ = 2.6, σc = 100 MPa Barton 2000, Singh 1993 

 
Figure 1: Estimates of the ratio of rock mass strength to the strength of small laboratory 
samples based upon rock mass classifications.  
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 mi = 5, for confined conditions with D = 0 Hoek et al, 2002 
 mi = 10, for confined conditions with D = 0 Hoek et al, 2002 
 mi = 15, for confined conditions with D = 0 Hoek et al, 2002 
 mi = 20, for confined conditions with D = 0 Hoek et al, 2002 
 mi = 5, for disturbed conditions with D = 1 Hoek et al, 2002 
 mi = 10, for disturbed conditions with D = 1 Hoek et al, 2002 
 mi = 15, for disturbed conditions with D = 1 Hoek et al, 2002 
 mi = 20, for disturbed conditions with D = 1 Hoek et al, 2002 
 )3/1()100(5 cicm Qσγσ = , γ = 2.6, σc = 100 MPa Barton 2000, Singh 1993 
 )3/1()100(5 cicm Qσγσ = , γ = 2.6, σc = 30 MPa Barton 2000, Singh 1993 
 )3/1()100(5 cicm Qσγσ = , γ = 2.6, σc = 5 MPa Barton 2000, Singh 1993 

 
Figure 2: Rock mass strength predictions by Hoek at al, 2002, and Barton, 2000 



Hoek – Estimates of rock mass strength Page 4 
 

References 
 
Aydan, O., and Dalgiç, S. (1998). “Prediction of deformation behaviour of 3-lanes Bolu 

tunnels through squeezing rocks of North Anatolian fault zone (NAFZ)”. Proc. 
Regional Symp. Sedimentary Rock Engineering., Taipei, 228-233. 

Barton, N. (2000) TBM tunneling in jointed and faulted rock. Rotterdam: Balkema. 

Barton, N. (2002). Some new Q-value correlations to assist in site characterisation and 
tunnel design. Int. J. Rock Mech. Min. Sci. Vol. 39. No. 2, 185-216.  

Bieniawski Z.T. (1989) Engineering rock mass classifications. John Wiley & Sons, New 
York, 251 pages. 

Hoek, E., Carranza-Torres, C., and Corkum, B. (2002)1. Hoek-Brown failure criterion – 
2002 Edition. Proc. 5th North American Rock Mechanics Symposium, Toronto, July 
2002, 267-273. 

Kalamaris, G.S. and Biwniawski, Z.T. 1995. A rock mass strength concept for coal 
incorporating the effect of time. Proc. 8th Intnl. Cong. Rock Mechanics. ISRM. 
Rotterdam: Balkema. Vol. 1, pp 295-302. 

Ramamurthy, T. 1986. Stability of rock masses. Indian Geomechanics Journal. Vol. 16, 
No. 1, pp 1-74. 

Read, S.A.L., Richards, L.R., and Perrin, N.D. (1999) Applicability of the Hoek-Brown 
failure criterion to New Zealand greywacke rocks. Proc. 9th International Society 
for Rock Mechanics Congress, Paris. Vol. 2, 655-660. 

Sheorey P. R. (1997) Empirical Rock Failure Criteria. A.A. Balkema, Rotterdam. 
Netherlands, 176 pages 

Singh, B. 1993. Indian experience of squeezing ground and experiences of application of 
Barton’s Q-system. Workshop on Norwegian Method of Tunnelling, CSMRS, New 
Delhi. 

 

 

 

 
 
 

                                                 
1 This paper together with the Windows program RocLab can be downloaded from www.rocscience.com. 
 


