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Abstract: The characterization of rock mass along the tunnel alignment based on physical, geologi-
cal and geotechnical data of the project area was used in this work. The support systems were rec-
ommended for all geotechnical units using RMR and tunneling quality index (Q-system) support
chart. The paper also consists in making a two-dimensional numerical study of the stability of the
left lateral slope of the Portal of the tunnel with the Slide 6.0 software and inside provisional support
with the Phase.2 2D program. The study shows good results of the internal rock mass stability of
the tunnel and satisfactory safety factor (FoS) in terms of collapse analyzes of the lateral slope of the
tunnel portals.
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1. Introduction

The soil deformations and the modifications created by the stresses of the soil during
the digging of the tunnel, are closely linked with the digging technique. [1,2]. The basic
principle of tunneling with the new Austrian method is to have the rock transported by
itself. Allowing the rock to deform slightly (as long as it remains within the admissible
safety limits) considerably reduces the loads weighing on the load-bearing system. The
rock released under control transfers the load to the sides and thus uses its transport ca-
pacity to the maximum by forming a transport chain around the excavation [3-7]. The
three-dimensional support at the working face becomes two-dimensional as it moves
away from the working face. Instead of carrying all the load of the rock, the support sys-
tems are instead used to control plastic deformation while maintaining the integrity of the
transport chain around the excavation and avoiding excessive relaxations. Thus the flexi-
bility of the system to the point of adapting to the rock deformations is one of the most
important criteria of the method. If the rock is too weak to carry its own load, the support
used stabilizes the system by providing additional pressure still needed to reach equilib-
rium after approaching rock carrying capacity [8-10]. The main feature of NATM is the
application of support at the right time. Tunnel ground deformation monitoring is the
main means for selecting the appropriate methods of excavation and retaining from
among those provided in the design to ensure the safety of the tunnel construction (in-
cluding the safety of personnel in the tunnel and the safety of structures on the ground
surface). The empirical and numerical design approaches are considered very important
in the viable and efficient design of support systems, stability analysis for tunnel, and
underground excavations [11]. During stages of excavation projects, the empirical meth-
ods like rock mass classification systems are considered to be used for solving engineering
problems [12,13]. The 2D and 3D finite element method was used to analyze the behavior
of the rock mass, the in situ stresses and redistribution, the plastic thickness around the
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tunnel and the performance of the design trusses in order to compare the results of the
calculations with the field monitoring to validate the numerical models [14-17].

2. Geological conditions along the tunnel

The study area is located at the southern limit of the Petite Kabylie massifs; it spreads
across a major geodynamic limit of northern Algeria. Geologically speaking, this limit is
associated with several strongly tectonized structural units framed by the largest tectonic
contacts of Alpine age in northern Algeria. These contacts are at the origin of the formation
of the Maghrebian orogen [18]. The building of the latter results from the structuring of
the Maghreb basin and its margins, a basin which was located between the European and
African continental margins [19]. The South Kabyle accident (South Kabyle backbone) is
considered as the major geodynamic limit of northern Algeria. The geological conditions
of the Texana Tunnel site are composed of the Mauritanian Flysh (Figure 1), which are
essentially formed of alternations of sandstone and sandstone with passages of hard
quartzite, resting on fractured and weathered schists at the surface [20]. All of these for-
mations cover the formation of hard argillite (clay-stone) little altered and fractured whose
upper part, and depth it is very hard and little fractured. This clay-stone is present almost
all along the tunnel.

Figure 1. Geological view of tunnel alignment of this study.

3. The RMR and Q classification systems

The Rock mass classification systems are considered as an integral part of the design-
ing of underground structure, support systems, stability analysis and in determination of
input parameters for numerical modeling within the rock mass environment [21]. Various
rock mass classification system has been developed based on civil and mining engineering
case studies by different researchers [22, 23]. In this research, RMR and Q systems were
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used due to its flexibility in terms of input parameters and widespread range for selection
of support systems. The values of this system indicate the quality of rock mass and give
description about the stability of an excavation within the rock mass environment [24].
The maximum value of Q-system indicates good quality of rock meaning good stability
and the minimum value indicates poor quality of rock meaning poor stability [25]. The
rock mass along the tunnel axis (Figure 2) were classified into different categories based
on Geo-mechanical classification system also called Rock mass rating (RMR- system) [26].
The used physical and geotechnical properties of rock mass along the tunnel alignment
were already determined by H. Khelalfa et al. [27, 28].

Figure 2. Photography of the twin-tubes tunnel of this study.

4. Internal Collapse Analysis of the Tunnel

The numerical analyzes were performed with the Phase 2 2D program (Version 8.0).
The program is progressively modeling the underground excavation, providing support
with bolts, steel retaining, steel lattice and shotcrete. In addition, the load split between
the excavation phases and the material softening can be applied to the model (Figure 3).
The designation of support systems based on practice and experience, numerical analyzes
were considered as a guide for practical decisions. The support system will have to be
revised according to the actual field situation and the geological mapping and the footage
results. The calculation sections are taken on the part represented by the rock formation
between the determined KP (kelometric point). The calculations for these sections are
valid for the part represented by the section. The parameters of the rock mass are esti-
mated with these calculation sections according to the recommendations and approaches
of the literature. Excavation coordinates are given in the X-Y system that accepts the center
of the tunnel in the zero coordinate (O1). These units are given in meters in the program.
Relevant soil modeling is very difficult in soil excavations given the many uncertainties
and complexity. The numerical analyzes are performed according to the elastic-plastic so-
lution. Thus the detailed modeling which includes all the conditions is neither possible
nor this modeling is useful. The relaxation of material used in the weak rock masses as
indicated above is applied at 0.65 (65%) in the excavation of the upper half and 0.35 (35%)
is reflected in the model with the installation of the supports of the upper half and when
excavating the lower half. The purpose of this distribution is to determine the rate of load
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to be carried by the rock and the rate of load to bear by the supports. The linear composite
is applied in 3 layers on the model in the excavations of the upper part, the lower part and
the slab. In the excavation levels, the first layer of shotcrete lining and the steel retaining
(HEB) and the second layer of shotcrete liner and steel lattice are entered into the model.
Simplification of the model may be possible under the following conditions;

D Reduction of three-dimensional conditions to two dimensions,

e Acceptance of the symmetry of the section with the axis,

e  Simplification of the soil with simple descriptions,

e Simple and comprehensive description of the progress conditions of the tunnel and
the excavation,

e  Soil is considered homogeneous and isotropic.

4.1 Situation without earthquake:

The results of the Phase 2D software analysis without seismic situation are shown in
the (Figure 3a). The examination of the Strength Factor around the tunnel indicates a val-
ues of 6.0 in the ceiling, of 3.79 and 6.0 in the left and right wings of the tunnel, of 1.26 and
1.26 in the lower left and right parts of the tunnel and of 6.0 in the slab (base) of the right
tunnel. In the left tunnel, there is a values of 6.0 in the ceiling of the tunnel, of 6.0 and 6.0
in the left and right wings, of 1.26 and 1.26 in the left and right lower halves and of 3.16
on the slab. The strength factor around the tunnel being more than 1 around the tunnel
and increase with distance.
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Figure 3a. Strength Factor without sismic situation.

4.2 Situation with earthquake:

The results of the Phase 2D software analysis in seismic situation are shown in the
(Figure 3b). In the right tunnel, the examination of the Strength Factor around the tunnel
indicates a values of 6.0 in the tunnel ceiling, 3.79 and 1.58 in the left and right wings, 1.26
and 1.58 in the left and right lower halves and 6.0 on the slab. In the left tunnel; The ex-
amination of the Strength Factor around the tunnel indicates a values of 6.0 in the tunnel
ceiling, 6.0 cm and 6.0 in the left and right wings, 1.26 and 1.26 in the left and right lower
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halves and 6.0 on the slab. The strength factor around the tunnel being more than 1 around
the tunnel and increase with distance.
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Figure 3b. Strength Factor in seismic situation.

5. Stability of the Left lateral slope of the tunnel south Portal

As part of the report, the left lateral slope of the tunnel portal (Figure 4) is designed
at the rate of 1H: 1V and single slope.

Figure 4. The south portal and a shallow landslide west of the south portal.

According to the results of the kinematic analyzes, it has been determined that there
is no slip potential under discontinuity control in the lateral slope of the exit portal. In
addition, the total collapse analyzes for the left lateral slope are performed with the Slide
6.0 software and presented below (Figure 5a). The minimum safety factor obtained is 2.8
in an unsupported situation in the analysis performed for the left lateral slope. The safety
factor 1.5 is sufficient for the stability; we observe that there is no problem of stability in
the slope in unsupported situation. Furthermore, the seismic situation being examined,
the acceleration coefficient obtained being 0.125 g, the acceleration coefficient is 0.0375
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and the over-design factor is 1.6 (Figure 5b). The safety factor 1.1 being sufficient for the
stability in seismic situation, there is no problem of stability in this case.
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Figure 5a. Total collapse analysis in a static situation without support of the left lateral slope of the

south Portal (FS : 2.8).
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Figure 5b. Total collapse analysis in seismic situation without support of the left lateral slope of

the south Portal (FS : 2.3).
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6. Conclusions

This present article is established in order to determine the rock mass deformation
behavior of the Texanna twin-tube tunnel on Jijel province in Algeria planned within the
framework of the project "Penetrating highway linking the Port Of Djen Djen to the East-
West highway", whose tubes will be built between the kilometric points KP: 24+818.845 —
KP:26+648.352 and the left tube between KP:0+711.683 — KP:2+593.879. According to sur-
vey data and fieldwork, there is a flysch unit which consisted of thin-medium stratified
mudstone, medium-thick stratified intercalated sandstone, aged Albo-Aptian. It was rec-
ommended to dig the Texanna Tunnel by the mechanical excavation method, and to de-
velop the support systems according to the New Austrian Tunneling Method (NATM).
The planning of this tunnel is carried out in upper half, in lower half and in raft. The
provisional support reduces the internal deformations and decreases the portal slope in-
stability of the tunnel. In conclusion; the confinement capacity and the tunnel portal slope
significantly improves when the provisional supports installed.
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