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ABSTRACT: The paper presents the stress and strain state around a tunnel lining applying the confining and
convergence method, used some time to dimension tunnel linings

This method can be developed in an analytical form only on restrictive hypotheses for the tunnel geometry and
the initial stress of therock A fundamental aspect is applying the convergence - confinement method is repre-
sented by the assessment of massif convergence when the lining is activated and which depends by the com-
pleting of the lining performance when it starts to introduce a pressure to oppose to the massif convergence

1 INTRODUCTION
The mmmg activity performed m Romania until the
year 1990 was focused mamly on to reaching high
production levels, fact which had led to neglect eco-
logical issue and that resulted in time, very serious
damages for the environment The technical deple-
tion and the decrease of governmental subventions
determined down of working productivity

Simple observations indicated that the horizontal
stress regime at the mine was relatively benign

These indications included the lack of any stress
indications at the head end, little or no floor lift and
the stability of roadways, both from the point of view
of roof and floor closure Negative aspects included
consistent over height with material dropping out and
the apparent rapid weathering of the sides

2 THEORETICAL CONSIDERATION

The design of the mining works linings as permanent
retaining structures, taking into account the hning-
ground interaction is influenced by the geological
and physical - mechanical characteristics of the rock
massif, the physical - mechanical characteristics of
the lining and their time dependency (Arad, 1995)

The final equilibrium of the lining is given by the
intersection of the rock confining curve in the exca
vation walls and the lining convergence curve and it
can be reached differently depending on the time of
lining performance The behaviour domain of the
massive rock where the tunnel of circular cross -
section is performed is elastic and then elastic - plas-
tic with the same restriction concerning the initial
stress state

The convergence - confinement method repre-
sents an analytical method that gives the possibility
to take into account different factors which influence
the final equilibrium of the rock massif - tunnel lin-
ing system like m papers (Panet,1995, Bud, 2001)

¢ The tunnel deformabihty - (time dependency

behaviour before yielding),

¢ The lining stiffness,

¢« The massif deformabihty before performing

the lining
Four specific domains (figure 1) define the elasto
- plastic behaviour of soils and hard rock
1 An éelastic behaviour domain, until the elastic-
ity limit (1),

2 A plastic strain domain limited by the maxi-
mum strength (11),

3 A plastic strain domain with consolidation lim-
ited by the residual strength (111),

4 A domain of perfect strains in the conditions

of residual strength (1V)

Figure 1 The domains of easto plastic behaviour of soils
and hard rocks
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3 THE CONVERGENCE LAW FOR THE
CASE OF AN ELASTO-PLASTIC
BEHAVIOUR OF THE MASSIF (PANET,
1995

The ti* AA excavation induces stress redistribution
within the massif (Arad, S; Arad, D; 2000). If it is
considered the rock massif with perfect elasto-plastic
behaviour, subjected to the Mohr - Coulomb failure
criterion, one may write the following relationship:

f(o',.o'g)=U‘%0’—J‘—;j’-‘sin¢—2c-cos(o= 0
@
or:
f{0|.03)=0';—j'0'3-g=0 2)
where:
. l+sing _2Ccosp
l-sing’ 1-sing

one dimensona compression strength.

Congdering the axissymmetrica case, the stress
redigtribution in the plastic zone is obtained by inte-
gration of the equilibrium equation:
& Z dr - 0'9 (3)

dr r

If the rock massif begins to work in the domain of
linear adtic behaviour, the radid dress &, and the
orthoradid stress, @a, on the tunnd wall of circular
Cross - section are given by relationships:

g, =(1-Aby H and o,=(1+3)y H ()
where: A represents the confinement degree the fail-
ure conditions are reached a the wal border for a

vaue A, of the confinement degree, in which case
one may write:

A+ A,)y,H,0-4,)7 H]=0 ®)
where:
1 . G,
/Ie—m[j—l'l-ynhr] (6)

For A < . the plastic zone does not gppear and for
A = A, aplagtic zone is devdloped around the tunnel
with aradius that increases with the confinement de-
gree.
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4 THE STRESS AND STRAIN STATES FOR
THE CASE OF AN ELASTO -PLASTIC
BEHAVIOUR OF SOIL

The dtrain increase in the plastic zone equals the sum
of the elagtic and plagtic Strain increases:

£=¢, +¢, )

If it is consdered that the elagtic grain is negligi-
ble in comparison with the plagtic gtrain, the main
grains verify the relationship:

K*e) + 8250 (5]

Where;

K = 1, when the grain is produced a congtant
volume;

K > 1, when the grain is produced a the volume
anincrease.

The radia digplacement in the plagtic zone is
given by the integration of the differentid equation
(Boti, N; Stanciu, A; Droniuc, N; Lungu, |, 2000):
L ©)
dr r

In the conditions of isotropic initia stress (Ko = 1)
solving the equation goes to the following:

T = 0O, O3 =0y (20)
In the limit conditions:
r=gar=0;r==;0r=0s=1,H (1Y

The differentid equation for the axis-symmetric
case becomes:

do  pw _Loi [[x——‘“ ]M, +[1——‘“ ‘K]AO‘,]
dr r E 1-4 1-u
(12

where Ag, = &, - ¥, H, and AGs = G - ¥, H.
The obtained solution by the integration of this
equation is the following:

j-1
“A. - AT S L
w=A, lﬁ+Fz(b‘P] +F3( . }+11:' B

where
R=-2445

K (1))
f2=2 (-0-(k+j)

F3=2-(l—ﬂ]-7’;% :

13

The radius of the plagtic domain results by the re-
lationship:
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b = #_ﬁ..‘_—
PO,

(14)

:(j~1)fl]ﬁ

where: a - radius of the tunnel.

THE USE OF THE NUMERICAL MODELS
TO APPLY THE CONVERGENCE -
CONFINEMENT METHOD

In the convergence - confinement method the
plane strain problem is the substitute of the three -
dimensional problem, where the following stress is
applied at the outer lining.
0,=(1-X)YaH (15)
corresponding to the appropriate confinement for the
considered construction stage.

The study of the massif - tunnel lining interaction
that develops during the tunnel excavation, applying
the convergence - confinement method includes gen-
erally the following stage:

Stage 1 - the construction at the finite element
network of the model.

Stage 2 - the introduction of the initial equilib-
rium conditions, obtained the model forces F,, on the
inner tunnel lining.

Stage 3 - the simulation of the tunnel excavation
and lining performance; the nodal forces that act at
the inner lining are decreased at the value X V,, where
X is the confinement degree which corresponds to the
excavation progress before the performance of the
lining.

Stage 4 - the simulation of the lining performance
by activating the appropriate finite elements.

A fundamental aspect is applying the convergence
- confinement method is represented by the assess-
ment of massif convergence when the lining is acti-
vated and which depends by the completing of the
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lining performance when it starts to introduce a pres-
sure to oppose to the massif convergence.

To determine the confinement degree, X, the
method based on the convergence curve of the un-
supported tunnel and implicit methods can be used.
Based on previous studies, it was noticed that if the
confinement degree is almost the same, 0,03, for an
elastic behaviour of the rock massif, for elastic -
plastic behaviour there is no explicit solution and it is
recommended to use the successive approximation
method.

6 RESULTS AND EXPERIMENTS

Based on the previous theory and taking into account
that deformation is influenced by a large number of
factors, we analysed the stress- strain state of a hori-
zontal mine workings

The geostatic forces increase with the depth and
play a significant role in the analysis of the rock
mass deformation. These forces together with the
tectonic ones cause remaining stresses which cause
the modification of geomechanical properties.

From the stress state analysis of the rock mass,
present the maximum stress variation on a mine
working contour line span 2a= 4.5 m and h = 3.7 m,
located at various depths for some rock types , pre-
vailing in the Jiu Valley Coal Basin, table no. 1.

The stresses acting around an underground work-
ing can be determined analytically or experimentally
by measurements, Table no.2.

For the above mentioned mine working located in
argillaceous rock having the following characteristic:
E 1,5*10° [MPa], y, = 2.57*10°[N/m’] and u
=0.29, by applying the finite element method, the re-
sults have been obtained that are in agreement with
those determined experimentally and they are ren-
dered in Table 2.

Table 1 The maximum stress variation on diverse depths for some rock types from Jiu Valley Coal Basm

Rock Maximum stress value for the depth variations

type loo 400 7)) 600 700 800
(ml [m] (ml (ml © (ml (ml

Chocolate clay 577 121 18 4 2417 312 358 21 48.6

Siliceous sandstone 733 146 21 298 369 42 522 60.7

Marl 625 13 196 261 31 40 457 52.8

Doad 641 128 191 263 329 392 458 53.1

Argiuaceus sandstone 7 14.1 21.1 28 35.1 42.1 43.8 559

Table 2. The values of maximum stress determined

Maximum Depth H[ml

Stress 00[MPa] 100 200 300 400 500 600 700 800

Analmcally 57 121 18 4 2417 312 358 421 48 6

Numerically 5.9 131 195 258 321 36.4 43.0 49.8

7 CONCLUSIONS

An important aspect in the construction of mining
works is ensuring that they function properly. The
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underground constructions in general unfortunately
can be a negative effect on surface or have been in
future disturbed by natural factors of the environ-
ment

In the paper a numerical model of the rock-
support interaction for tunnels by the underground
construction is determined

This study has been performed for the two-
dimensional stress and strain state

The use of the convergence - confinement method
in the rock massif - lining tunnel interaction m a cir-
cular tunnel may be also realised for an elasto - plas-
tic behaviour of the rock

The stress state is obtained for both rock massif
and tunnel lining and based on these results the be
haviour in service is predicted for the tunnel that is to
be performed
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