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What means NATM 

New

Austrian 

Tunnel 

Method 

Not so new ...

older than 50 y...
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Main content of
NATM is that a ring
of rock around the
excavated hole is
requested to
support some of
the load coming
from the
overburden
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La Il

I bulloni aumentano la rigidita’ degli 
strati rocciosi 
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Deformation 

R
ad

ia
l s

tr
e

ss
 



9

To allow that the rock take the
load or part of the load a
displacement of the tunnel
periphery is requiered .

Primary support i.e. Shocrete
rock bolts lattice girders have
the only purpose to support
the excavation phase ( short
term ) and maintain the shape
of the excavated profile .
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NATM construction method  
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Blasting 
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Waterproofing and final lining 
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Support type
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Support type
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Support type
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Pure NATM state that primary support is enough to
support the tunnel load

Chenani Nashri concession agreement based on
«pure» NATM
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Primary support is made by :

-Shotcrete

-Bolts

-Latticegirders or H beams

-Pipe roof

Short and long term support ?
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Load acting on the final lining
Empirical, analytical and numerical methods are used to 
estimate the ground load acting 

elastic behaviour (“a/b” and “c” classes)
 Empirical method: the RMi system (Palmström 1996, 
2000) or Q-Barton System
(Grimstad & Barton, 1985).
elasto-plastic behaviour with relevant  plastic zone 
around the tunnel (ex: deep tunnel, “d” classes):
 Analytical method: Convergence-Confinement Method 
(Carranza-Torres 2004) 
- Qualification of the effect of the radial bolting according to 
the concept of “effective cohesion” (Grasso et al., 
1989a,b).
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Load acting on the final lining
•In case of elastic behaviour, the equations proposed by 
Unal (1983, 1992) is used to estimate the permanent support 
pressure (rock load):

B
100

RMR100
vp 


 

where RMR is Rock Mass Rating and B is the horizontal span of the 
tunnel.

In the case of elasto-plastic behaviour:
•for deep tunnel: convergence-confinement method 
•for shallow tunnel: Terzaghi’s formulation 

•FINAL LINING CAN BE POURED WHEN MONTLY DISPLACEMENT 
IS UNDER 2/4 MM  ( 0,1 MM/DAY ) 



Load on shallow Tunnel  Terzaghi 1946 
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ISOTROPIC LOAD ANISOTROPIC LOAD
357 kPa

357 kPa 357 kPa

390 kPa

260 kPa 260 kPa
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Conclusion 

Design and calculation of tunnel 
aren’t defined by standard 

Multi criteria approach is the most 
reliable solution

BUT NATM IS NOT THE ONLY WAY 
…. 
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