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Evolution of design and construction

approaches in the field of underground works:

from NATM and derived methods to ADECO-RS



Surface and underground works



Difference between costructing on surface and constructing 

underground

Construction 

by addition

of material

Construction 

by 

subtraction

of material



The ingredients for:

On surface works

Underground works





INGREDENTS

IN THE UNDERGROUND WORKS





LITHOTYPE: CALC-SCHIST

EXCAVATION DIAMETER: ~ 12 m

MAIN GEOMECHANICAL PARAMETERS

- ůgd = strength of the rockmass = 20 MPa (ḙ200 Kg/cm2)

- ůf = unconfined compression strength = 86 ÷ 108  MPa (ḙ860 ÷ 1080 Kg/cm2)

- E  = elastic modulus = 10000 MPa (ḙ100000 Kg/cm2).





It must always be remembered that we build for

subtraction of material and the Earthôs crust is made up

of material that is subject to stress fields of gravitative,

lithostatic and tectonic nature and which must therefore

be considered a ñliving thingò, that tends to deform as a

reaction to excavation and therefore generate a

Deformation Response which must always be the focus

of any designer of underground works.
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PREROGATIVE 

od the 

Deformation

Response

Spy for the arch

effect/stability

Evolution as a 

function of the 

boundary 

conditions

Central role in 

the design
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2
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Spy of the ARCH EFFECT

mobilization around

the cavity

1

Reaction = Deformation Response

FUNDAMENTAL PREROGATIVE OF THE 

DEFORMATION RESPONSE



Bi-dimensional

model

ARCH EFFECT = CHANNELLING OF THE STRESSES

Stress field in the ground around a tunnel in progress

Three-dimensional 

model

Arch effect



The position of the channeling of stresses around the cavity is conditioned 

by the strength of the ground
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The Deformation Response is the SPY of the ARCH EFFECT mobilization

What is the ARCH EFFECT ?

Elastic domain

Arch effect: 

natural

Deformation

Response: 

almost

nothing



2 Elastic-plastic

domain

Arch effect: 

deviated

Deformation

Response: not

negligible

The Deformation Response is the SPY of the ARCH EFFECT mobilization

What is the ARCH EFFECT ?



3
Failure domain

Arch effect: nil

Deformation 

Response: 

collapse

The Deformation Response is the SPY of the ARCH EFFECT mobilization

What is the ARCH EFFECT ?



ARCH EFFECT 
(AE)

DEFORMATION
RESPONSE (DR)

STABILITY (S)

AE position
S =   ----------------

DR
r

where: AE position  = ----
rp

r
rp

DV
----- DRV

rp = plasticisation radius

The Deformation Response is the SPY of the ARCH EFFECT mobilization



PREROGATIVE OF THE DEFORMATION RESPONSE 

It evolves in function of the type of 

ground, the intensity of the stress field 

and the advance speed V

2



In case of homogeneous soil, when s3 0 due to the 

face advance, only varying the lythostatic overload or 

the stress field DR can develop in domainéé

snat = gH

s1 = 2gH

Evolution of the Deformation Response as a function of the 

stress field intensity

(Deformation Response

in elastic domain) 

(Deformation Response

in elasto-plastic domain)

(Deformation Response

in failure domain)



DESIGN

ÅAnalysis

ÅControl

Central role in the design3

PREROGATIVE OF THE DEFORMATION RESPONSE 



DESIGN 

APPROACH

ÅANALYSIS of the  expected

Deformation Response

- selection of the 2D or 3D reference

model

- components of the Deformation

Response

ÅCONTROL of the expected

Deformation Response

Å selection of the excavation systems

Å selection of the stabilisation instruments

Therefore designing an underground work means to analyze and control the 
expected Deformation Response.

Central role of the Deformation Response in the design



DESIGN AND CONSTRUCTION 

APPROACHES OF THE PAST

(NATM AND DERIVED METHODS)



Deformation Response

Approaches of the past
(NATM and derived methods

(1950 ÷ 1980)

Modern approaches
Analysis of COntrolled DEformations

In Rocks and Soils
(ADECO-RS)

since 1980

How the Deformation Response was analysed and controlled in the 

past and how it is analysed and controlled today ? 



ÅANALYSIS (theoretical prediction of the expected 

deformation response): referred only to the  

geomechanical classifications

Å MODEL SELECTION : bidimensional models

Å DEFORMATION RESPONSE: 1 component (convergence 

of the cavity)

ÅCONTROL (selection of the excavation system and of 

the instruments to control the Deformation Response): 

Å operations only downstream of the excavation 

face

Å advancement after partitioning the excavaton 

face)

ACCORDIND TO THE APPROACHES OF THE PAST 



ANALYSIS
CONTROL

of the Deformation Response according to the approaches

of the past based on geomechanical classifications



of the Deformation Response according to the  

approaches of the past based on the convergence alone

and the advancement after partitioning the excavation 

face and stabilisation operations only downstream of the 

face itself

ANALYSIS
CONTROL








































