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The rock support methods for each rock mass quality are a combination of different support types, as 
shown in Table 1. The next section discusses how to determine the support needs for particular 
elements, like rock bolts, shotcrete, and steel ribs, since, for instance, two support approaches are 
somewhat additive. 

Table 1. Original guidelines for support of rock tunnels based on the RMR system (Bieniawski 1989). 

Rock Mass 
Class 

Excavation  Support  
 

Rock Bolts (20 mm 
Dia., Fully Grouted) 

Shotcrete Steel Sets 

Very good rock 
I  

RMR: 81-100 

Full face 3 m advance Generally, no support required except spot bolting 

     
Good rock  

II  
RMR: 61-80 

Full face 1.0-1.5 m 
advance 

Locally, bolts in 
crown 3 m long, 

spaced 2.5 m, with 
occasional wire mesh 

50 mm in crown 
where required 

None 

     
Fair rock  

III  
RMR: 41-60 

 

Top heading and bench 
1.5-3 m advance in top 

heading 

Systematic bolts 4 m 
long, spaced 1.5-2 m 
in crown and walls 
with wire mesh in 

crown 

50-100 mm in crown 
and 30 mm in sides 

None 

     
Poor rock  

IV  
RMR: 21-40 

Top heading and bench 
1.0-1.5 m advance in top 
heading. Install support 

concurrently with 
excavation 10 m from 

face 

Systematic bolts 4-5 
m long, spaced 1-1.5 
m in crown and wall 

with wire mesh 

100-150 mm in crown 
and 100 mm in sides 

Light to medium ribs 
spaced 1.5 m where 

required 

     
Very poor rock 

V 
RMR: <20 

Multiple drifts 0.5-1.5 
advance in top heading. 

Install support 
concurrently with 

excavation. Shotcrete as 
soon as possible after 

blasting 

Systematic bolts 5-6 
m long, spaced 1-1.5 
m in crown and walls 
with wire mesh. Bolt 

in invert 

150-200 mm in 
crown, 150 mm, in 

sides, and 50 mm on 
face 

Medium to heavy ribs 
spaced 0.75 m with 

steel lagging and fore-
poling if required. 

Close invert 

 

Before making any recommendations, it is crucial to consider what practicing tunnel designers 
currently need. Based on the opinion of the authors of this article and earlier publications (Lowson and 
Bieniawski 2013), when comparing numerical modelling with empirical estimates based on extensive 
accumulated experience, the use of continuum models often provides unreliable results regarding rock 
support, especially at shallow depths, although they can be useful in extreme cases where plastic 
deformation effects are present and the rock mass exhibits high plasticity. The practicing tunnel 
engineer needs design tables to work efficiently. Accordingly, the practicing tunnel engineer is 
concerned with design rules for both shotcrete and rock bolts, depending on the tunnel dimensions and 
rock quality, to assess the final rock support requirements. We believe that the tunnel construction 
industry takes a pragmatic approach, as it is satisfied with an easily determinable RMR rating, 
including the orientation of joints as a component. 

Following the original 2013 article (Lowson and Bieniawski 2013), an update and revision of the 
RMR rock mass classification method was published in 2014, launching the modified RMR14 method 
(Celada et al. 2014).  

The RMR14 system has been used in numerous projects in various locations around the world; in 
contrast, while, the rock mass rating guidelines recommended in 2013 have been used less frequently 
(Rehman et al. 2018, Kanik et al. 2015, Liu et al. 2021, Zhang et al. 2021). 
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