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Abstract: Problem statement: The steps of the validation procedure of the mtogd a tunnel are
briefly illustrated in this study, starting fromettgeological and structural surveys on the excanati
walls and the measurement of the physical and nmézdlaparameters during the excavation works.
Unfortunately, however, the knowledge of the rockss) which is fundamental to the project, is
usually approximate before the study is startedis Tknowledge improves considerably once
construction of the tunnel is started, when itasgible to have direct access to the rock and agély
behavior in relation to the excavation and suppwdrks. Approach: The measurement of
displacements and stresses in the rock mass anbeirsupport structures represents a different
methodology for the evaluation of the Geotechniteracteristics of a rock mass and therefore dlso o
the support work conditions. To correctly interpitee measurements it is necessary to make use of a
more complex procedure, called back-analysis, thtiting from an estimation of the unknown
parameters of the rock mass obtained through @&pralry characterization, integrated and modified
by sampling of the rock mass during the constractstage and by the performed stress and
displacement measurements, is able to define tkeawn parameters of the rock maBesults and
Conclusion: Back-analysis in engineering in the rock field urs; however, in an uncertainty context,
which complicates the problem. The preliminaryraation of the Geotechnical characteristics of the
rock mass has in fact a degree of reliability tisat function of the intensity of the preliminary
investigations. The performed measurements pregsesdrtain precision in relation to the various
typologies of error that can occur. The final résilthe back-analysis therefore also consisthen t
definition of the Geotechnical parameters of thekrmass that are considered to be of influenchen t
problem under examination, with a certain relidapiind precision that is obviously greater thart tha
relative to the initial estimation of the same pageters. The purpose of this study is to presebiza
approach to back-analysis in a probabilistic contleat is aimed to obtain a reliable calibratiortoeé
parameters of the rock mass that are necessatydy the behavior of the support structures.

Key words: Geotechnical parameters, support structures, me@asunts present, structural surveys,
definitely confirmed, displacement measuremenljimpinary estimation

INTRODUCTION of a tunnel project should therefore be able tp osl all
the information that becomes available during its
The knowledge of the rock mass, which isconstruction.
fundamental for the tunnel design, is usually agipnate The behavior of underground cavities and therefore
before the study is started. This knowledge immoveiso of the supports that are necessary to guarante
considerably once construction of the tunnel istesia stability of the voids, depends, to a great extentthe

when it is possible to have direct access to to emd Geotechnical characteristics of the rock mass (aladlv

analyze its behavior in relation to the excavatam -
supgort works (Oreste, 2005; Oreste, 2009a). Thigule strength and deformability) (Oreste, 2003; 20070&0

of a tunnel should therefore be validated duringkwo 2009b; 2009c; Osgoui and Oreste, 2007; 2010; Qreste
procedures when all the assumed hypotheses of t#902). The definition of the Geotechnical
preliminary stage can be definitely confirmed. e tase characteristics is today made in two different ways
where, during the study procedures, elements entieage

are in contrast to the preliminary assumptionspiofect *  Through the geomechanical characterization of the
should first be re-verified and then, if necessergdified natural materials, with attribution of the physical
or integrated and finally validated. The validatjmmocess mechanical and hydraulic parameters at small and
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large scale (that is, at the laboratory sampleescal
and the problem scale, respectively) MATERIALSAND METHODS

*  Through the measurement of sizes described by thep, . significance of the design validation during the
stress and strain behavior of the rock during thg nnel” construction: The designing of a tunnel
construction of the study or during the construttio yresents particular characteristics that are diffefrom
of nearby auxiliary works that have to be built other engineering works: The knowledge of the rock

In the first case the evaluation of the Geoteciinic Mass, Which is at the basis of the design hypatheah
parameters occurs before and during the construofio ONlY be approximate before the excavation works are
the study and is based on laboratory tests andtun s star.ted. The_geomechanlcal parameters and th(_as-stres
sampling, with the help of experience gained fratrep  Strain behavior laws of the rock mass are estimated
analogous sites, experience that is organizedatienal ~ starting from the results of the diagnostic invgetions,
manner through the different widespread technicathe in situ and the laboratory tests. The entitythef
classifications. Unfortunately, however, the prétiany preliminary investigations is however always lirdite
knowledge of the rock mass is never certain; inesoases because of economic reasons and sometimes bedause o
(very deep mountain pass tunnels or tunnels in &mp the short time available and, in the case of daepdls,
and chaotic formations) it is even rather approémand  only the surface area of the rock mass involvethin
basically based on surface geological studiesgfiier the  tunnel excavation is studied. The obvious variety o
use of geomechanical characterization during th& fi natural materials furthermore sometimes prevents on
stages of construction the study results to bedumahtal  from extrapolating the situations that exist betweee
(Creste and Longo, 2010). survey and another in a reliable manner.

The measurement of displacements and stresses in Even the numerical simulation of the response of
the rock mass and in the support structures repi®se  the rock mass to the excavation operations can only
different methodology for the evaluation of the offer rough indications. Numerical calculation meds
Geotechnical characteristics of a rock mass angh fact require a simplified behavior law for theck
therefore_also of the support work_ c.ondltlons. TOomass at the scale of the problem which cannot be
correctly interpret the measurements it is Nec§sSar  gptained through the usual laboratory tests.
make use of a more complex procedure, called back- For these reasons, during the construction of a
analysis, that, starting from an estimation of thetunnel, the project hypothesis should be verified
unknown parameters of the rock mass obtained tirougthrough a validation procedure of the initial pajeA
a preliminary characterization, integrated and riedi  great number of data can in fact be obtained dtttieg
by sampling of the rock mass during the constructio study construction stage: Direct geological and
stage and by the performed stress and displacemestructural surveys on the excavation walls (firstab,
measurements, is able to define the unknownock samples of a suitable size for laboratorysjest
parameters of the rock mass. carrying out mechanical and geophysical in situstes

Back-analysis in the rock engineering field ocgurs carrying out investigations during advancement, the
however, in an uncertainty context, which complsat measurement of the stress-strain state in theandkn
the problem. The preliminary estimation of thethe support structures, surveying the functioning
Geotechnical characteristics of the rock massté&sct  parameters of the perforation and consolidation
a degree of reliability that is a function of theensity = machines and obtaining the functioning parameteteo
of the preliminary investigations. The performed TBMs. All these data are added to the informatioat t
measurements present a certain precision in ralatio was available at the beginning during the desiggest
the various typologies of error that can occur. Tihal ~ allowing an updating of the calculation model tafyethe
result of the back-analysis therefore also congistee  initial project and to define any possible modfiicas that
definition of the Geotechnical parameters of thekro prove necessary. The initial, possibly modifiedjgrbis
mass that are considered to be of influence in th&erefore subject to a validation procedure.
problem under examination, with a certain relidpili
and precision that is obviously greater than tektive ~ The evaluation in the design stage of stresses and
to the initial estimation of the same parameters. strains around a tunnel: The stress and displacement

The purpose of this study is to present a globathat develop around a tunnel and in the suppontisiglu
approach to back-analysis in a probabilistic canteat ~ and after its construction are generally estimatethe
is aimed to obtain a reliable calibration of thedesign stage. Their magnitudes are the subjecheof t
parameters of the rock mass that are necessatydg s measurements that are carried out during work. The
the behavior of the support structures and to a#did technician in charge of planning, performing and
the preliminary tunnel design. interpreting the measurements should therefore
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preventively and qualitatively know the trend ame t In spite of all this, the use of numerical modgli
order of magnitude of these values. should not be played down as, from the engineering

The stress and strain state around a tunnel and gmint of view, even before that of the physical or
the inside of the supports is conditioned by défdr mathematical point of view, what is necessary to
factors, which summarized, can be thus divided: establish is a connection between cause and effett

to know how to understand the evolution of the

* The quality of the rock mass, identified from a phenomenon as a tendency.

quality index In order to work in a reliable way, it is necegstar
« Dimensions, geometry and depth of the tunnel have some connections with reality. This meetingtpo
« Stress conditions of the rock and, in particulae t is represented by in situ measurements carried out

nature and intensity of the horizontal stresses ifluring excavation of the tunnel. Experience hasvsho
undisturbed conditions how it is necessary to have an agreement between

numerical modelling and measurements; that meaats th
the choice of measurement parameters, the ingiallat
he instruments and the frequency of the measuitsmen
should be as connectable as the model can offeth©n
) ) , other hand it is opportune that the model be chaseh
The design of a tunnel is based on different zjigated taking the geostructural characteristiésthe
methodologies: rock mass and the scale of the study into considera
(equivalent continuous, discontinuous).
* An analytic approach, usually reserved to simple  The geomechanical characterization of the rock
geometric situations or parts of a general system mass, the numerical modelling of the problem under
* An empirical-observational approach, based orexamination, the planning, the performing and the
case histories of already constructed works or ofinterpreting of the measurements cannot be camigd
the phenomenological knowledge of the rock onseparately, but should be continuously integrabikng
the whole the construction of the study in order to improbhe t
* A numerical approach, in which the rock and thenumerical simulation and therefore the comprehensio
support works are modelled through differentof the real phenomenon so as to be able to take the
calculation codes, to be adopted in function of thenecessary countermeasures and, if necessary, to
structure of the rock and the type of work redefine the support system.

» The entity, number and type of supports installed
* The distance from the excavation face along th
tunnel axis

The numerical approach is nowadays quite common. RESULTS
The use of simple analytical calculation procedstds
play an important role in the preliminary compredien  Monitoring measurements during the work: The
of the phenomenon and the definition of the physicd  investigations and measurements that are carried ou
mechanical parameters of influence. before, during and even after the excavation of the

There however exists some limitations to a perfecfunnel, investigate a large series of parametershé
adherence of a numerical modelling to the physica |eld_ of underground construction the most frequent
reality of the problems and this is due to thecarrled out measurements refer to one of the fatigw

heterogeneity of the geological formations, to thoa grogrs of magini_tudes, gpcolrding to the pf;l)rticlular
. . o problem: relative isplacements, absolute
Zggiﬁetgfso?fettﬁé r;(():kﬂ:g thséoitgse\r/]?:relag;lwaé;@tr?e displacements and stresses in the linings andeimatk
: ’ - mass, pressures on the lining and forces in the
the problematic knowledge of the original stresgesin P g

) anchorages in the rock, or water table pressures.
the rock mass. Then there are problems that dieulif proference s usually given to displacement

to transfer to a model, which, however, are ofneasurements (such as convergence measurements of
fundamental importance: for example mention can bghe tunnel walls) as they represent, from the

made of phenomena that are dependent on time, thRathematical point of view, integral magnitudesttha
influence of mechanical and physical anisotropiBe, are not subject to typical local effects. Stresaed

relevance of technological aspects connected to thetrains are instead differential magnitudes thatpgrasent
modality and times of excavation and of the inat&h  values that are very different from point to poamnd

of the supports. should therefore be calculated on sufficiently eclésl

For these reasons approximate schemes ameas so as to be able to furnish appreciablesitioiis.
adopted, usually formulating simplifying theories o With measurements carried out during the study,
the behavior of the natural materials. one usually searches for the following responses:
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* A check on the safety for geological reasons (for example, because of a
e The determination of the properties of the matsrial lithological ~ variation  between the installed
and, if possible, of their undisturbed stress stateaneasurement section and the section studied in a bi
(obtained through back-analysis techniques); thalimensional model).
determina}tiqn of the physical and mechanical It is also advisable to not put one's trust inngle
characteristics of the rock mass results to beneasurement position, in order to prevent local
particularly interesting at this stage as theyméde majifunctioning or anomalies from conditioning fitee
]tche pr(;]blem 'IF‘ real magnltudi,_ tLus_ bem% Q'ﬁerlentgood results of the measurements and then the
rom the preliminary tests which instead involve comparison with the calculation.
only a limited portion of the rock mass e : _
s - . The volume that is involved by the instrumentation
» Verification of the validity of the instrument . : . o . )
. . . is of interest in that it is from this that one iges the
choice, with reference to the excavation method .
: L . . either local or extended value of the measuremniiats
e Comparison of the prediction theories with the real i
: have been carried out. Some parameters of the(fock
structural behavior . o :
example, the strain) or the stress conditions iaduc

The displacement measurements that are usua"@round the excavation are greatly influenced by the
carried out can be divided into the following types reference volume. The rock structure makes the
measured value vary with the direction and with the
«  Measurement of the variations of the dimensions ofntering of the rock, above all in fractured or
the tunnel (measurement of the relativea@nisotropic rock masses. For example, the stress
convergence) measurements along the border of an excavation,
« Measurements of the displacements of thecarried out with flat jacks, are greatly conditidnby
surrounding rock with reference to an area that ighe redistribution of the stresses, with steep igrad
considered stable (measurement of distensiorglose to the angular areas.
which can be performed working on the walls of As the volume of interest grows, the measurement
the cavity or, when possible, from the externaldata tend to become homogeneous while local

surfaces) measurements show a greater dispersion.

« Displacement measurements between the two The precision required of the measurement
borders of a relevant structural discontinuity instrumentation varies according to the order ofmitade

«  Strain measurements in the body by the lining of the expected phenomena. However, for practical

« Strain measurements of the excavation facel€asons, it is common that the potentiality of the
especially when working in large sections, in softinstruments to be used in tunnels is adaptablehdéo t
or loose rock and when there are importantvarious requirements. It should be remembered, Venve
reinforcing interventions of the nucleus (alsoeall how the cost of a measurement device is connectdt
extrusion measurements) precision according to a power function: the chaeioeuld

therefore respond to a cost-benefit analysis.

The loading measurements on the supports For example, the measurement of displacements is
concern, in particular, the bolts, the tendons, dteel  repeatable within 0.01 mm, the load measuremertksnwi
sets and the tie-bolt heads. 100 N, the pressure measurements within 10 kPa, the

The strain measurements concern, in particular, thextensimetric deformation measurements withjie snd
aspects of interaction between the natural formatiad  the inclinometric measurements within 1 mm/30 min.
the support works, whether they are of a prelinyinar  The responses of the various instruments are
type, such as cast concrete shells, or of a pemb&/e.  powever different in terms of overall capacity to

The measurement stations should b.e mstalleq SO @hderstand the physical trend of the phenomenon
to be abl_e to identify the expected variations with without feeling local effects: the convergence ahel
these being masked by other secondary phenomena. .
Furthermore, it is a good idea that the positiohthe §peed of convergence, the measurements with a flat
measurement stations can be clearly identifiedhin t jack, the load cells on the bolts or on the steehes i
numerical model used for the simulation of the ®inn &re, for example, measurements that are more easily
In this way one reduces the possibility of loosinginterpreted than those based on extensometers ewunt
information simply because of geometric type reasonat the extradox of the supports. This is probahig tb
(for example, because of a different orientatiormdfi- the damage that the instruments can undergo dthing
dimensional model from the section to be measuved) different procedures in the construction phase.
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Back-analysisin uncertain environments: In order to  From what has emerged from the previous sections of
improve and make the first estimation of thethis study, both the preliminary estimation of the
geomechanical parameters of the rock obtained by thgeomechanical parameters of the rock mass and the
geomechanical characterization more reliable, oneesults of the measurements, present a certaih ¢dve
should proceed with the treatment of the resultthef uncertainty in relation to the intrinsic variabjliof the
measurements  through  adequate  back-analysi®ck mass quality, to the reduced availability aftad
techniques (Oreste, 2005). By back-analysis in thand to the precision of the measurement instruments
excavation and rock engineering field one means thalrhe back-analysis should therefore be able to devel
particular procedure, developed above all within an uncertain environment, furnishing a new
numerical analysis methods of the stress-straite sta estimation of the geomechanical parameters ofdhble r

of the rock mass and the supports which, startingnass that are able to guarantee a greater retyathiin
from the displacement and strain measurementthe initial estimation (a smaller variance).

obtained in situ during the construction of thedstu The uncertainty of the monitoring system can be
permits the calibration of the calculation model ofdescribed through the covariance matd, of the
the initial estimations: errors A of the single m measurement. It is a square

matrix of m x m dimensions expressed as (Eg. 1):
e Of the geomechanical parameters of the natural
material . . - C,, = Elanan’ "
e Of the initial strain state (undisturbed) in theko

mass )
where, the operator E|---| is the expected mean.

Modern back-analysis represents one of the most  por statistically independent measurements, for
delicate stages of the whole planning program as onwhich the operator conditions and instruments oé on
has only limited times available to be able to $ypp does not have repercussions on the ott@y, is a
during the construction, the necessary guideliras f diagonal matrix with all positive values, which

any possible improvements of the original projeut a represent the variability of each single measurenfen

for the design of the unforeseen interventions Wiie i o annroximation, the variance of a measurémen
however necessary to guarantee the stability oftidy .- pe intended as the square of the precision of a

and an economic efficiency (Fig. 1). measurement instrument.

=E

These results to be even more important in the  The initial estimation of the unknown vector
construction of underground tunnel_s and v0|d§, _when x°=(xf,x2...,xﬁ) can also be considered as a
certain variability of the geomechanical charaster of o ) )
the rock mass is encountered along the sectionhwhidProbabilistic variable, for which one assumes (Eg.
was not possible to ascertain in detail during the®nd 3):
preliminary analysis.
Back-analysis therefore usually consists in thex(o):E‘X‘ (2)
search for unknown parameters, of which one only ha
a preliminary estimation, that minimize the diffiece e O = x0T 3)
between the results of the calculation with the ” [ }[ J
numerical model and the results of the performed
measurements. where, x is the unknown vector column, of n terms;
To perform a correct back-analysis it is usually C9 is the square matrix of the covariance of the
necessary to choose: initial estimation, of n x n dimensions.
If the initial estimation of the unknown
e A suitable calculation model that is able to parameters is not correlated in probabilistic terms
determine the stress and strain state in the rockunfortunately they often are as the initial estiima
mass, with the evolution of the excavation stages refers to the same quality index for the majorify o
« The function error, which measures the distancehe unknown parameters), the matrix,°C is
between the forecasts and the availablediagonal. With an increase of the uncertainty & th
measurements, with a variety of the unknowninitial estimations, there is an in@ea in
parameters the values of the components of the matri”’C
1141
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Preliminary in situ and
lab. Sampling and tests
Prelimnary geomechanical
'q charactenzation
Technical classify
+ cations and expetience
+ Caleculation model of the tunnel

Y

Project for the excavation, the supports
A 4 and scheduling of the measurement

1 Y

Constmaction of the work

Tunnel and laboratory
Updating of the geomechanical sampling and tests
ﬁ charactenization during the
construction of the tunnel Technical clazsification
v and experisnce
‘.q Carying out measuremeris

during the work

\ 4 A +

p_,_ Probabilistic approach
to the back-analysis

Detenmination of the updatad estimation

+ of the geomechanical parameters of
the rock mass

Fig. 1: Proposed procedure for the refining of piheject on the support structure of a tunnel, tisatiokthe use of
back-analysis, according to the probabilistic apphy which requires a first initial estimation bktrock
parameters (and its degree of reliability) andrdmults of the measurements (with its precisiomjopmed
in a tunnel during construction

If one wishes to search for a new estimation ef th the measurements) is minimal, the function ergor
unknown parameters so that the distance between thakes on the following form:
unknown vector and the preliminary estimation
(expressed as the difference between the unknowg:[ﬁ_n]T [C ﬁﬁ-n] .
vector of the geomechanical parameters and thialinit o
estimation, related to the variance of the initial [x(°) _XT [C o T[X(O) _XJ
estimation). Added to the distance betweenithdtu *
measurements and the calculation results (expressed
the difference between the results of the calautatind ~ where, n is the column vector of the mean of time
the carried out measurements, related to the \aiah  situ measurement, of m terms;
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n is the vector column of the results of the nunadric

modelling, corresponding to the measurements chrrie

outin situ.

The vector X' is placed equal t8xin Eq. 5;
The termn’ and the matrix L in Eq. 5 are obtained
through a parametric analysis with the numericatieho

In the simplest case in which the results of thene matrix L is determined by approximation thrbug

numerical modeh are linear functions of the unknown
parameters x:

n=f(x)=n"+L{x -x7} (5)
Where:
n’ = The column vector of m known terms,

independent of x

L = the matrix of dimensions m x n (m lines and n
columns)

x' = the column vector of n known terms, equal to
the value of the unknown vector x for whigh=
n/

n’, = L and x' are obtained from the numerical model

the secant method in poin@)&:

x(*1) is obtained from Eq. 7:

the iteration proceeds until the difference in nhorm

between the two following approximations is lower

than a pre-established tolerance; once the
convergence is reached, the covariance matrix of
the solution is calculated on the basis of Eq. 8.

The availability of matrixC . allows one to obtain

a quantitative evaluation of the reliability of thesults
of the back-analysis and to choose the number and
quality of measurements to carry datsitu to obtain

by varying one of the unknown parameters at athe unknown parameters with the desired precision.

time and obtaining the results of the calculation
Deriving the function errog Eq. 4 with respect to
X, one obtains the following simple linear equation
system (Eq. 6):
UCiL+(Ch ) x=LCR[A-N +Lx
AR x© - AR I'] I'] X]

+ |:C><(D) ]_1 x©)

which, once solved, furnishes the solution of thekb
analysis problem:

(6)

X' =[1-MLx+M 7 -M [0 x| @)

where, | is the matrix identity:

-1
M, :[LTC;;L +(c) 1} L'C;:

And the matrix of the x covariance, which permits
one to describe the newly obtained estimation i
probabilistic terms:

C.=[1-ML]C ,[I-ML] +M g M ®)

DISCUSSION

A tunnel design requires taking into account a
number of aspects, some of which are only knowh wit
a certain approximation before the study is bedume
mechanical characteristics of the rock mass which
influence the dimensioning of the support structund
the excavation method are, in particular, initially
evaluated starting from geognostic investigatioms ia
situ and laboratory tests.

It is then during the construction of the tunnel,
however, that the initial design should be verifieden
eventually integrated or modified, in other words
validated.

The further investigations in the tunnel and the
results of monitoring measurements of the static
behavior of the cavity following excavation opeoats,
leads to the improvement of the estimation of the
mechanical characteristics of the rock mass andcesd
the level of uncertainty. It is necessary to parfoa
back-analysis to correctly interpret monitoring

"measurements, that is, a type of procedure thaitser

the back definition of rock parameters that, comsd
in the calculation, produce results that are closthe
performed measurements.

The monitoring measurements should be planned,

In the more general case, the function f, given incapeq out and interpreted in close connectiorthi
Eq. 5, is not linear but can be linearized throwgh 6| calculation model, which nowadays is usuafly

Taylor series truncated at the first order termsthiis
case, Eg. 7 no longer directly produces the somﬁb

but only its approximation; one therefore proceedgoreseen.

iteratively, through the following calculation step
starting from the initial estimatiorf%

a numerical type. At least those measurements deede
in the back-analysis procedures should in fact be
The type, precision and number of
measurements that should be carried out should be
defined in relation to the available numerical maatel
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to the required precision of the final estimatidntt,e  Oreste, P., 2005. Back-analysis techniques for the

geomechanical parameters of the rock mass that one improvement of the understanding of rock in

wishes to obtain. underground constructions. Tunnelling
As both the preliminary estimation of the rock Underground Space Technol., 20: 7-21. DOI:

characteristics and the measurements made during 10.1016/j.tust.2004.04.002

excavation of the tunnel present a level of undgatta Oreste, P., 2008. Distinct analysis of fully grautmlts

that can be described with a probability distribaofithe around a circular tunnel considering the
back-analysis can be developed according to the congruence of displacements between the bar and
probabilistic type approach. the rock. Int. Jou. Rock Mech. Mining Sci., 45:
1052-1067. DOI: 10.1016/}.ijrmms.2007.11.003
CONCLUSION Oreste, P., 2009a. The convergence-confinement

method: Roles and limits in modern geomechanical
From the analysis of the probabilistic approach to  tunnel design. Am. J. Applied Sci., 6: 757-771.
the theory of the back-analysis, shown in this gtitds DOI:10.3844/ajassp.2009.757.771
possible to conclude how it is necessary, to obin Qreste, P.P., 2009b. The Dimensioning of dowels for
satisfactory  calibration ~of the geomechanical  the stabilization of potentially unstable rock tiec
parameters of the rock mass, to be able to refa to on the walls of underground chambers. Geotech.

preliminary characterization based on geognostic  ggql. Eng., 27: 53-69DOI: 10.1007/s10706-008-
investigations that are adequate for the probleatenn 9211-6 ’

examination. A large uncertainty in the initial 5o p P 2009c. Face stabilization of shallow
estimation would in fact reflect on the final redsutven tun'nels u,sin fiberalass dowels. Proc. Inst. Civil
in the presence of precise measurements and sitabl Eng —Geotecﬁ E?]g 162: ' 95_1(')9 'DOI'

calculation models. 10.1680/geng.2009.162.2.95

The evaluation of the stability conditions of the . -
supports, once the back-analysis is terminated,bean ©resté, P.P., 2002. The importance of longitudinal
stress effects on the static conditions of thelfina

obtained by analyzing the stress state inducedeértsie

foreseen structure, carrying out parametric analysi ~ lining of a tunnel. Tunnelling Underground Space
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