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Hello everyone. I welcome all of you to the fifth lecture of module 5. So, in module 5, we are 

discussing about the rock mass classification and this will be the last lecture of this module. 
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In this lecture a problem will be solved on Q-system which was discussed in detail in the 

previous lecture.  



Then we will learn another classification system that is called the geological strength index, 

GSI classification system. We will see its importance later when we will learn about the weak 

round hill criteria. And after learning these two things, at the end, we will little bit discuss 

about the strength and modulus of jointed rock mass.  
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To solve the table Barton 2002 tables (modified) have been kept. 
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Example problem: It is proposed to construct an underground tunnel 800 m below the 

ground. The drilled cores have an RQD of 90 % and the number of joint set is found to be 1. 

The joints are discontinuous and tight healed, hard with impermeable filling. The average 

uniaxial compressive strength of the core is 450 MPa. The major principal stress acts 

horizontally and is 1.5 times the vertical stress. The unit weight of the rock is approximately 

30 kN/m3. The excavation is relatively dry with some dampness and negligible inflow, so dry 

with some dampness and negligible inflow. Estimate Q-value.  
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Solution:  

        RQD= 90%; γrock= 30kN/m3    

 Number of joint sets= 1 

o Joint set number, Jn= 2 (As per table 2) 

 Joints are discontinuous 

o Joint roughness number, Jr= 4 (As per table 3) 

 Joint walls are tight healed, hard with impermeable filling 

o Joint alteration number, Ja= 0.75 (As per table 4) 

 Excavation is relatively dry with some dampness and negligible inflow 

o Joint water reduction factor, Jw= 1 (As per table 5) 

 Vertical stress at the depth (z) of 800 m (minor pribncipal stress, σ3)   

                                             = γrock *(z) = 30*800 = 24000 kPa= 24 MPa 

 The major principal stress (σ1) =1.5 σ3= 1.5*24= 36 MPa 

 Uniaxial compressive strength of rock (σc) = 450 MPa 

 So, σc/ σ1 = 450/36 = 12.5 

 Rock component class -J; strength reduction factor, SRF= 1 (As per table 

6(ⅱ)) 

 SRF)/(J)/J(J)(RQD/J  valueQ warn  = (90/2)(4/0.75)(1/1)= 240 

 As per table 7, the rock mass quality is extremely good (class A) 
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Additionally, Barton et al. 1974 defined equivalent dimension i.e. De of an excavation in 

order to relate the Q index with the stability and support requirement of the excavation.  

Equivalent dimension can be defined as  

(ESR) ratiosupport  Excavation / m)(in  (h)height or  (d)diameter or  (s)span  Excavation = De  

Span or diameter is used for analyzing the roof support, also it is stated that the height of the 

wall is used to analyze the wall support.  

ESR values generally vary from 0.8 to 5. ESR is the excavation support ratio. 
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For ESR a table is provided by Barton et al. 1974. It gives different classes like A, B, C, D, E, 

F and different corresponding type of excavations are also written alongwith corresponding 

ESR values. Like first one is temporary mine opening which has an ESR value between 3 to 

5.  

On the other hand, if we see the last one that is underground nuclear power station, railway 

stations, sports and public facilities, factories, etc. for that ESR is 0.8. Likewise for class E, if 

i.e. the power stations, major road and railway tunnels, civil defence chambers, portal inter-

sections, etc. ESR is 1.  
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Additional information: 

 Rock bolt length (L): (Barton  et al., 1974)  

  L (in m) = 2 + (0.15 * B / ESR) 

o ESR = Excavation support ratio  (using the table) 

o B = Excavation width 

 Maximum unsupported span (Su_max): (Barton  et al., 1974)  

  Su_max (in m) = 2 * ESR * Q 0.4  

o Q = Rock tunneling quality index (already calculated) 
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Example problem: For a permanent mine opening having excavation span of 10 m, the 

equivalent dimension is found to be 8 m. What will be its maximum unsupported span if its 

Q-value is 65. 

Solution: 

 Excavated span (s) = 10 m 

Equivalent dimension (De) = 8 m 

Excavation support ration (ESR) = (s / De) = 1.25 

Q – index value = 65 

Maximum unsupported span (Su_max) = 2 * ESR * Q0.4 = 13.28 m (Ans) 
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Now, we will discuss about the classification based on geological strength index, GSI. It was 

introduced by Hoek in the year 1994, it helps in determination of properties of both hard and 

weak rock masses. It heavily relies on the geological observations and less on numerical 

values. Its value ranges from about 10 for extremely poor rock masses to 100 for extremely 

strong intact rock masses. The relationship between the rock mass structure and rock 

discontinuity surface conditions is used to estimate an average GSI value.  
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Now, this estimation of geological strength index, GSI is based on visual inspection of 

geological conditions as per Hoek and Marinos, 2000. There we will notice that two things 

are there, one is structure, one is surface conditions.  



Rock mass structure and surface conditions are two very important parameters for this index. 

In the table shown in the slide there are different kinds of structures shown with a clear 

picture and its description as intact or massive, blocky, very blocky, blocky/disturbed/seamy, 

disintegrated, and laminated/sheared and under surface conditions, they are like very good 

surface condition, good, fair, poor, very poor.  
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So, now, let us focus on the just this table what is provided by Hoek and Marinos 2000 and 

let us see what are the things over there as I have stated the structure, structure and the 

surface conditions and under surface condition, you see very good, good, fair, poor, very poor 

and under structure as I have mentioned intact rock with the diagram it is shown what does it 

mean, intact or massive. So, it is also written intact rock specimens or massive in situ rock 

with few widely spaced discontinuities. 

GSI values are given like you see the 10, 20, 30, 40 and so on till 90. As already mentioned 

GSI varies generally between 10 to 100. For example, suppose structure is blocky and surface 

condition is good then GSI will be 65.  

Also, it is written that quoting a range from like 32 to 37 is more realistic than stating that 

GSI is exactly 35. 
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Another table shows rock mass classification based on the GSI. So, it is stating that if the GSI 

value is like less than 20, it is very poor and 76 to 95 it is very good. So, a GSI value of 100 

is for extremely strong intact rock masses.  

Now, GSI can be approximately from RMR also.  

5RMR GSI 89   

89RMR  is the value of RMR computed as per Bieniawski (1989). We have learned in 

detailed about the how to obtain the RMR value as per this tables given by Bieniawski.  
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Now, we will discuss about the strength of jointed rock based on RMR. Kalamaras and 

Bieniawski (1995) suggested a relationship between the compressive strength of the jointed 

rock mass and that of intact rock through RMR based on the studies of Carter et al. 1991 and 

the expression is  

]24/)100exp[(cj  RMRci  

where, cj  is the uniaxial compressive strength of jointed rock mass and ci  is the uniaxial 

compressive strength of intact rock.   

According to Ramamurthy (2001)  

]25/)100exp[(cj  RMRci  
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Not only the uniaxial compressive strength, we can also estimate the elastic modulus of 

jointed rock based on RMR 

]4.17/)100exp[(cj  RMREE ci     (As per Ramamurthy (2001)) 

This relationship is between the elastic modulus of jointed rock mass that is Ej and that of the 

intact rock Ei considering RMR is given. Above relationship is for the tangent modulus at 

50% of the failure stress.  

Another relationship is given by Serafim and Pereira (1983)  

]40/)10[(10  RMR

jE     IN GPa 

It is obvious that RMR can be very useful to obtain not only the strength of jointed rock mass 

but also the elastic modulus. 
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Now similarly, on the basis of GSI the uniaxial compressive strength of jointed undisturbed 

rock mass for GSI > 25 can be obtain using the following expression.  

5.0

cj )( jci s  

9/)100(  GSIs j  

As per Hoek (1994)  

cjrjj ME   

where Mrj is modulus ratio of the jointed rock. 
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Barton (2002) suggested a modified Q-value i.e., Qc to estimate this Ej and σcj of rock mass 

by considering the influence of UCS of intact rock that is σci in the following form  

)100/( cic QQ   

Now, this QC is used to estimate σcj and Ej.  
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So, thank you. With this, I am concluding our module 5. So, we will meet again with our 

module 6 in our next lecture. Thank you.  


