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The correct estimation ofhe loading thatmay act ontunnel liningis a ggnificant part of

the tunneland undergroundcexcavationgdesign.Suchloadsmay come fromthe pressure

of the surrounding soil, seismic activity, hydrostatic pressure and other dynamic forces.
Therealisticestimation of these loaddeadsto the optimum andeconomical design of a
tunnel lining, choosing theappropriate lining thickness and percentage of steel
reinforcement.

The present thesis aims to study the effe€the adhesionbetween the soil and the outer
surface of the tunnel liningon the loading,the stressstate and the displacements of the
tunnel lining during the excavationThe problem wasnvestigated usingheoretical as
well as numericalapproaches. It is noted that thiypical approach in tunnel analysis is
that no sliding theground¢ supportinterfaceis taken into account

First of all, eme theoretical dataregardingthe soil ¢ lining interface arepresented as
well as the parameters that affect its strengifhen resultsfrom laboratorytest deployed

by Malmgren et al. (2005) on thestimation of the ultimate shear strength and shear
stiffness of the concrete soil surface for varioustypes of rocks and surfaces, are shown,
as well as results from numerical studiatso deployed by the same scientists.

Afterwards, theclosed, elastic, analytical solutionproposed by Einstein and I8gartz
(1979), which estimate the axial forces, bending moments and displacememtsthe
support springline, are describe@his method assumeke case of dunnel excavated in
elastic ground, under symmetric loading, without confinement stage, for theecmme
cases oho adhesivanterface and no slipping interfacén addition, a reference to their
modified solutions, deployed a year after (1980), is madeich takes into account the
tunnel confinement for the calculation of the linistressstate.

A two-dimensioral finite element model wascreated with the finiteelement code
ABAQUS v6.10, in order to compare the Einstein and Schelagtic solutions wittthe
numericalanalyses resultsin the 3 chapter ofthe thesis, the methodghat could be
used to simulatethe ground¢ support interface behavior, are describhellloreoverthe
corresponding strength parameter®r the realistic simulationof the problem are
described Two different finite ¢ elementgridswere developed to estimate the sensitivity
of the results to the geometry and the density of the FE mdste comparison of the
results with the Einstein and Schwartz closed solutioresulted to satisfactory
convergence

In the main part of the present diploma thesis, a tataimber of 64 numerial analyse

was carried out, for two overburden heights and two ground types, simulating realistic
adhesionstate between soil and concrete support, based on laboratory tests results and
empirical data. Aim ahesenumerical analyss wasto makecleater the effect the ground

¢ support interface has on thining stress strain state as well as to determine the effect
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of the shear stiffness on it, and finally to define if the consideration of a no slip interface,
asit is usually assumedverestimates orunderestimates the lining stress statBven
though no significant deviations on support pressures sinelss statewere observed, for

the various interface shear stiffness values that were used, the resutiluded in rather
significant overestimatiosn of the axial forcesin concrete lining,in the case ofa no slip
groundg supportinterface.

In the last part of the present thesis, the simulation of the initial space between ground
and support, during tunnel excavation with a Tunnel Boring Machine (TBM)
investigated via numerical analysesin addition to the definition of the effect this
particular initial space has, on the final loads on the support. Numedoalyss are
performed and a realistic simulation of this phenomenon is achieved.
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Sample #62: Shotcrete-magnetite joint
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Sample #36: Shotcrete-trachyte joint
Normal stress = 0.23 MPa
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Sample # Normal stress Peak shear Residual shear
(MPa) strength (MPa) strength (MPa)
1 0.03 2.03 0.06
2 0.25 1.98 0.11
3 1.25 1.67 0.69
4 2.50 2.15 1.70
#3 retest 2.50 2.11 1.68
Average: 2.07
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Sample # Joint JRC Normal Peak shear Residual Shear stiffness,
type stress (MPa) strength (MPa) strength (MPa) K, (MPa/mm)
12 S-T* 9-9 0.13 0.22 0.20 1.30
14 S-T 9-9 0.29 0.37 0.00 0.67
16 S-T 11-13 0.42 1.24° 0.00 1.26°
17 S-T 9-9 0.50 1.85° 0.49 1.20°
15 S-T 9-9 0.54 112° 0.75 1.19¢
11 S-T 5-3 0.66 1.23° 0.55 1.10°
13 S-T 9-13 0.82 1.42° 0.94 1.80°
19 S-T 11-13 1.13 1.23 1.06 1.36
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Sample # Joint Adhesion Joint tensile stiffness
type strength (MPa)
K,; (MPa/mm) K50 (MPa/mm) K50 (MPa/mm)
71 S-M° 0.89 2163 111.7 148.3
72 S-M 0.35 468.6 576.7 460.5
73 S-M 0.29 187.4 187.4 181.3
79 S-M 0.30 158.6 75.7 100.0
21 S-T* 0.70 328.0 268.9 305.0
22 S-T 1.21 468.6 370.7 432.1
23 S-T 0.16 187.4 168.8 200.0
Average: 0.56 288 251 261
*S-T: Shotcrete-trachyte joint.
®S-M: Shotcrete-magnetite joint.
J O ANE3Y BT T _s<w®>h h ' >_ A 8 h > Y B,
1.2
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% 0.8
e Joint adhesion strength
g _
e
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2
£ 0.4
2
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Joint displacement, &, (mm)
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Sample #  Joint  Joint compressive Joint normal stiffness
type strength, JCS (MPa)

K. (MPa/mm) K 50 (MPa/mm) K50 (MPa/mm)

2 ST 190 96.7 2118 237.5

3 ST 150 101.6 369.2 187.5

75 SM 160 100.0 400.0 162.0

76 SM 140 100.0 171.4 140.3

Average: 160 100 288 182
[P ANEAY BT _s<w >h _h YOt s_ A 8 <D
80.0

Joint deformation curves
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E Overall specimen
E E deformation curve
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Sample #7: shotcrete-magnetite
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Displacement, 8, (mm)
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Parameter Value for JRC=1-3 Value for JRC =9-13
Joint shear bond strength 0.50 MPa 1.37
Joint friction angles
Peak, ¢, 40° 47°
Residual, &, 35° 39°
Joint compressive strength, ICS 16.0 MPa
Joint adhesion strength 0.56 MPa
Joint compression stiffness
K, 100 MPa/mm
K. 50 288 MPa/mm
K50 182 MPa/mm
Joint tensile stiffness
K, 288 MPa/mm
K50 251 MPa/mm
K, 0 261 MPa/mm
Joint shear stiffness, K 0.94 MPa/mm 1.3MPa/mm
[ > ADEEY AT . . A ThTh>w " A hASYC MY wo>ph 1Y s
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