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Abstract: The present study evaluates on site the effects of provisional support on the rate of deformation 

(convergence) of clay-stone of a twin-tube tunnel. The combination of shotcrete, steel lattice, steel retaining, 

pre-supporting iron bar and Rock bolts can act as structural support in the form of provisional support for 

new or existing tunnels. Applications of provisional supports as confinement mechanisms to decrease the 

capacity of convergence can be helpful for distressed rock mass during tunnels digging. Real-size and real-

time field monitoring over a period of approximately one (01) year was carried out with a Tachometer "Leica, 

TS 09" and 3D Displacement Monitoring Objectives fixed on the top heading and on the invert/bench. 

Wherefore; a sketch of the same cross-section of the tunnel was used in order to define the deformations of the 

rock mass of the tunnel measured in 3D in successive periods in all directions along the weak rock mass of the 

fourth class (IV) after the installation of the provisional support. The study shows good results in terms of 

deformation of the rock mass of the tunnel and satisfactory stability in terms of confinement. Consequently; it 

was noticed, that there is a relation between the deformations (convergence) in the two tubes along tunnel - 

when the deformation of the left tube increases the deformation of the right tube decreases -, and that the 

deformation of the tunnel is a deformation overall of the rock mass and it is the same along the tunnel relative 

to its rock mass. It can be concluded that there is a reciprocal effect between the two tunnel tubes, which can 

be considered as a conservation principle of the rock mass. 
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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 capacity to the maximum by 

forming a transport chain around the excavation [3, 4, 5, 6, 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 systems are instead used to control plastic deformation while maintaining the integrity of the transport 

chain around the excavation and avoiding excessive relaxations. Thus the flexibility 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 

equilibrium after approaching rock carrying capacity [8, 9, 10]. The main feature of NATM is the application of 

support at the right time. In this case, it is accepted that there will be no load transfer on the coating concrete 

since the pressure from the ground is supported by the primary support system. 
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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 (including the safety of personnel in the tunnel and the safety of structures on the ground surface). 

The monitoring program includes the specification of the measurement procedure, the location of the 

monitoring devices and the monitoring schedule [11, 12, 13]. Attention is given to the fact that monitoring 

results are often affected by instrumentation, installation and environmental effects. The type of 

instrumentation chosen must ensure the following conditions: 

- A feasible installation procedure, 

- Sustainability during the monitoring period, 

- Protection against damage during construction, 

- Simple processing of measurements (acquisition and transmission of data), 

- Precision is required. 

In general, close readings of excavation activities are taken daily; the frequency is reduced with the distance 

to the forehead and the decrease of the displacement rates. Shorter monitoring intervals may be required due to 

the specific project requirements. Monitoring sections in tunnels and shafts are usually located at distances of 5 

to 20 m depending on the conditions and requirements limits. A possible concept might display minimum reading 

frequencies and ranges for surface and underground monitoring for a summit-wings-bottom sequence. Usually, 

there are types of failure that cannot be detected in time by deformations monitoring, it is recommended to use 

additional monitoring of absolute displacements, but in a small extent. Thus the presence of an emergency 

surveillance system in case of adverse field conditions is ensured [14, 15]. In the case of block rock mass tunnels, 

the characteristic hazards are the detachments caused by the discontinuity of the blocks; therefore the 

observations must concentrate on the soil structure, the location and the orientation of the discontinuity with 

respect to the alignment of the tunnel. In the case of tunnels with moderate to high overload in the bedrock or 

foliar mass, the characteristic risks are; the orientation of the stratification or foliation, the displacement of the 

pavement, the displacements of the soil and the structure of the soil [16, 17, 18, 19]. Consequently, the 

observation focused on: visual inspections, laboratory tests, absolute displacement monitoring.   

 

2. Geotechnical characteristics and geology of the project area 

 

The geological and geotechnical model of the tunnel is established using geological mapping and borehole 

investigation data. Six (06) boreholes in 2012-2013 and three (03) boreholes in 2015 are drilled in order to 

determine the structural and engineering characteristics of the geological units of the tunnel path and the state 

of the groundwater (figure 1) within the framework of a project in Algeria of a highway linked to the port of 

DjenDjen in Jijel province and El-eulma in Setif province. The path of the tunnel is located completely in the 

flysch made up of the alternation of mudstone and aged Albo-Aptian sandstone. The flysch is composed of 

mudstone which has a folded, weakly-moderately decomposed, weak-very weak rock nature and fine-grained 

sandstone which has a medium-thick, weakly decomposed, moderately solid-solid rock nature [20, 21]. The 

tunnel support systems can be modified depending on the geological and geotechnical conditions encountered 

[22, 23, 24]. The classification of rock masses on the tunnel path is determined according to RMR and Q 

System [25, 26, 27, 28, 29].  

 

 
Figure 1. Location of the tunnel (red line) on an extract from the geological map of Tamesguida,  

between KP. 26 + 100 - KP. 26 + 650 (scale 1 / 50,000) 
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The geological and geotechnical details of the tunnel route having been developed, the studies of 6 boreholes 

opened in the period 2012-2013 (FT-1, FT-2, FT-3, FT-4, FT-5 and FT-6) and of 3 boreholes opened in 2015 (S-

LT-01, S-LT-02 and S-LT-03) were evaluated in order to determine the engineering specifications of the units 

located in this part.  The coordinates relating to the surveys carried out, the dimensions of the opening and their 

depths have been listed. As part of this work, three surveys in total were carried out; borehole numbers BH-26 at 

50 meters deep on the left tube and borehole numbers TBH-1 at 80 meters deep on the left tube at PK 26 + 638 

then borehole numbers TBH-2 at 50 meters deep on the coordinates 747372.526 (E), 4060873.833 (N), about 

150m east of the passage of the valley which is located on the axis of the tunnel between PK 25 + 250 - PK 25 + 

300, which are the upper elevations (+ 630m) from the same valley form a valley. The borehole number TBH-1 

(figure 2), was carried out to analyze the thickness of its topography of the landslide and its influence on the 

tunnel identified between KP 24 + 955 - KP 25 + 125 on the axis of the tunnel (PK 25-030) and a landslide zone 

containing pieces of rock belonging to a flysch pile with the dimensions of fine-coarse gravel in a sandy clay 

matrix 21.50 m thick was identified. From 21.50 m up to 80 m which is the bottom of the bure, mudstone - 

siltstone - alternating sandstone was discovered with a pile of flysch in the boring. These units are decomposed 

to a resistance of average low degree and of low-average resistance between 21.50 - 35.50 m and fresh little 

decomposition to a resistance of average degree after 35.50 m. 

 

  
Figure 2. View of the decomposed new-low degree flysch units from the TBH-1 survey 

 
As indicated in the geological context, the part is located (figure 3) between the entrance of the right tube 

of Texanna tunnel (in Jijel province) and PK: 24 + 840 and between the entrance of the left tube of Texanna 

tunnel and PK: 0 +761.82, tunnel level passes in the old Albo-Aptian Flysch unit. 

 

 
Figure 3. Photo of the tunnel portal 
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The geotechnical parameters were designated for the unit encountered in this part using data obtained 

from borehole S-LT-02 and borehole S-LT-01 located in this part of the tunnel. The evaluations carried out 

show that the unit located at the level of the tunnel is part of the "Low Rock IV" class according to the RMR 

classification. In addition, the KP: 24 + 840 part where the maximum coverage height is observed can be 

qualified as "critical part". The cross sections taken from part PK: 24 + 840 are shown below (figure 4). The 

design parameters of this part exposed above are summarized in table (1). 

 

 
Figure 4. Inner cross section of twin-tube tunnel 

 

3. Material and methodology 

 

3.1. Excavation steps of low rock and monitoring 

 

In order to ensure the smooth progress of the tunnel digging, the opening of the gallery will be in half-

section. An upper half (calotte/ top heading), a half lower left and right (Strozze/Bench) and the bottom (invert). 

During each excavation phase, the topographic team will always be on site for the various controls. The station 

setup of the total station instrument can be done in two (02) methods; 

- The free station method consists in setting the station on a fictitious point located as close as possible 

to the vertical plane passing through the hanger and to orientate itself on a minimum of 02 terminals 

(bounds). 

- The setting up of the device on a known terminal and oriented on another terminal while avoiding the 

maximum tangential sights. 

Following the geological constraints of the soil and the eventual use of the explosives, the so-called "B" 

line of the actual excavation line will be lifted and checked in a contradictory way, this one allows the 

quantification of the excavated materials and the volumes of the shotcrete to put. 

If the rock is friable/ poor/ loose, the excavation is carried out by a machine that attacks the soil punctually 

and progressively. These self-propelled machines on wheels or tracks are equipped with adjustable arms, at 

the end of which is placed the attacking apparatus (excavating bucket, breaker, cutting head with longitudinal 

or transverse axis). The cuttings are evacuated towards the rear. The wall is equipped with the advancement of 

a temporary support. This technique is suitable for all excavation profiles. The excavation steps are as 

following (figure 5): 

- Excavations of the upper half (Top heading): 

• Excavations, 

• The surface will be coated with 7cm shotcrete, 

• Injection pre-support bars will be anchored (one (1) per each three (5) hanger, 
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• The steel wire mesh will be implemented (Q589/443), 

• Steel hanger will be set up (HEB 220), 

• Shotcrete will be completed up to 29cm, 

• The steel wire mesh will be implemented (Q589/443), 

• The shotcrete will be completed up to 35cm, 

• IBO bolts will be implemented. 

 

  
Figure 5. (a)- Phase 1:  Application of 3 “injection sinking pipes” to the cutting face in 30-40 cm intervals  

prior to excavation 

 

 

 
Figure 5. (b)- Phase 2:  Making an excavation along the recommended circle on the upper half,  

Application of a wire mesh (150 * 150 * 6.5 mm). HEB 220 steel cladding, Surface coating with 35 cm shotcrete, 

Temporary Slab, wire mesh and shotcrete casting and IBO bolt application 
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- Excavations of the lower half (Bench): 

• Excavations in 2 steps, 

• The surface will be coated with 7cm shotcrete, 

• The steel wire mesh will be implemented (Q589/443), 

• Steel hanger will be set up (HEB 220), 

• Shotcrete will be completed up to 29cm, 

• The steel wire mesh will be implemented (Q589/443), 

• The shotcrete will be completed up to 35cm, 

• IBO bolts will be implemented. 

 
Figure 5. (c)- Phase 3:  Excavation along the recommended circle on the lower right-lateral half, Application of wire 

mesh (150 * 150 * 6.5 mm). HEB 220 steel cladding, Surface coating with 35 cm shotcrete, and IBO bolt application 

 

 
Figure 5. (d)- Phase 4:  Making an excavation along the recommended circle on the lower left-lateral half,  

Application of a wire mesh (150 * 150 * 6.5 mm). HEB 220 steel cladding,  

Surface coating with 35 cm shotcrete, and IBO bolt application 

 

- Excavations of Bottom (Invert): 

• Excavations; Max. in 4 steps, 

• The surface will be coated with 7cm shotcrete, 

• The steel wire mesh will be implemented (Q589/443), 

• Steel hanger will be set up (HEB 220), 

• Shotcrete will be completed up to 29cm, 

• The steel wire mesh will be implemented (Q589/443), 

• The shotcrete will be completed up to 35cm, 

• IBO bolts will be implemented. 

• Backfilling. 
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Figure 5. (e)- Phase 5:  Execution of an excavation along the recommended circle on the base/ Slab, Application of a wire 

mesh (150 * 150 * 6.5 mm). HEB 220 steel cladding, Surface coating with 35 cm shotcrete, and IBO bolt application 

 

 
Figure 5. (f)- Phase 6: final coating 

  

As detailed above and in the geotechnical report, this part of the tunnel passes through weak (poor) rock 

conditions (IV). Supports planned for use in the analyses in this part of the tunnel and the characteristics of the 

tunnel are given in the table (1).  

 
Table 1. Geotechnical Design Parameters for Interval Right Tube Entrance Portal – KP:24+840  

& Left Tube Entrance Portal –KP:0+761.682. 

Rock Mass Parameters Primary Support Parameters 

Tunnel Radius r0 7.5 m 

Total 
Maximum support pressure 1.791 MPa 

Maximum support strain 0.2 % 

Installed at distance from tunnel face 1 m 

In-situ Stress P0 1.62 MPa 

Initial tunnel convergence 1.04 % 

Initial wall displacement 78.15 mm 

Longitudinal deformation profile 
Vlachopoulos and 

Diederichs (2009) 

Rock bolts 

Type 34 mm Rock bolt 

Young's Modulus of Rock Mass E 404 MPa 

Maximum support pressure 0.354 MPa 

Maximum support strain 0.2 % 

Rock bolt circumferential spacing 1 m 

Rock bolt longitudinal spacing 1 m 

Poisson Ratio υ 0.3 

Steel set 

Type Wide flange rib 

Properties 

Area 216 mm2 

Section Depth 9100 mm 

Weight 71 kg/m 
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Compressive Strength of Rock Mass 

σm 

0.119 

MPa 

Maximum support pressure 0.297 MPa 

Maximum support strain 0.118 % 

Steel set out-of-plane spacing 1 m 

Shotcrete 

Type Custom 

Friction Angle Ø 32° 

Properties 

Thickness 350 mm 

UCS 25 MPa 

Young's modulus 30250 MPa 

Poisson ratio 0.2 

Maximum support pressure 1.139 MPa 

Maximum support strain 0.076 % 

 
3.2. Monitoring methods of deformation inside the tunnel (convergence) 

 

3.2.1 Fundamental principles of 3D monitoring of absolute displacements 

Over the past two decades, 3D monitoring of travel has become a common practice and, because of the 

high information content, has gradually replaced other techniques. Measurements are performed using a total 

station (tachometer) and objectives. Precise prism lenses as well as bi-reflex lenses (reflectors) are used and 

their spatial position in the overall coordinate system or project is determined. Discrete three-dimensional 

displacement measurements are performed by repeated measurements (usually on a daily basis). Since full 

monitoring cannot usually be performed from one position, an interconnected observation scheme is required, 

which is established using identical reference points (Figure 6-a). Stable reference points are differentiated 

from points that always move (Figure 6-b). Points with a defined maximum displacement rate (usually <1mm 

/ month) can be used as reference points. 

 

 
Figure 6. (a): Sketch of an interconnected free station method in the tunnel 
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3.2.2. Requirements 

The principle of "free parking determined" is used to obtain the position of the instrument. The absolute 

position of all coordinate components of the marked measuring points shall be determined with an accuracy 

of +/- 1 mm (standard deviation) with respect to the neighboring measuring sections over the entire observation 

period. To achieve this accuracy, the following conditions must be met; 

- Distance between the instrument and the nearest reference point: 10 - 30 m. 

- Minimum distance to the reference point furthest: 90 m. 

- Maximum distance to monitoring points: 80 m. 

- Maximum distance between monitoring positions: 110 m. 

- Approximate use of the same instrument positions for consecutive readings. 

- Positioning the instrument on stable ground. 

- Initiate the nearest free parking and finish the most distant goals. 

- The movement measurement starts from the farthest lens. 

- Make connection observations approximately symmetrical to the tunnel axis. 

- Intermediate orientation measures and closure verification at selected reference points. 

- Perform zero reading immediately after lens installation (before the next excavation). 

- The measurement of all the points of a section (in the case of reading at zero in the bench, the summit 

objectives must also be measured). 

- Registration of weather conditions taken into account in the assessment. 

- Acclimation of the instrument to avoid deviations due to temperature change. 

 

The following sources of errors should be avoided; 

- Observations near the tunnel wall (minimum wall distance of 0.5 m to 1 m), 

- Measurement errors due to refraction (e.g. observation through or near heat sources), 

- Position of the instrument near the side/ lateral walls, 

- Observations in asymmetrical connection (see Figure 6-b), 

- Measurements in a very dusty environment or during severe vibrations (i.e. caused by machinery). 

 

 
Figure 6. (b): Sketch of asymmetrical connection observations (to be avoided) 

 

The surveyor must record and submit the following items after each measurement action: Measurement 

sequence system (relative to the measurement section or along the tunnel). Unmeasured points and indication 

of motive (destroyed, not visible, etc.). Significant displacements (measurement error, rapid increase in 

displacements); 

- Readings at zero, 

- Monitoring conditions (air quality, vibration, limited visibility, heat sources, etc.). 

 

3.2.3 Tachometer 

   An electronic total station (Figure 6-c) with an automatic recording unit with the following minimum details 

shall be used; 

- Measuring the horizontal angle: +/- 1’’ (0.3 mgon), 

- Measuring the vertical angle: +/- 1’’ (0.3 mgon), 

- Distance from measure: +/- (1 mm + 1.5 ppm). 
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Figure 6. (c): Photograph of the Tachometer, e.g. "Leica, TS 09" of the tunnel underground monitoring 

 

3.2.4. Objectives 

The lenses are installed on special bolts with an adapter (see Figure 6-d). 
 

 
Figure 6. (d): Components of 3D Displacement Monitoring Objectives; Bi-reflex (1) and prism lens (2), bolt (3) with 

protective cap (4) and predetermined breaking point (5), mounting bolts (6 + 7) with adapter (8) 
 

The minimum manufacturing accuracies required are as follows; 

- Adapter with breaking point: +/- 0.1 mm, 

- Triple prism lens: +/- 0,01 mm, 

- Bi-reflex lens: +/- 0.1 mm. 

Minimum repeatability required of readings; 

- Triple prism lens: +/- 0,1 mm, 

- Bi-reflex lens: +/- 0.3 mm. 

This precision applies to repeated readings when the orientation of the lenses is changed or the lenses / 

adapters are replaced. Figure (6-e) and Figure (6-f) show the common practice installation and protection of a 

bolt monitoring against damage in the shotcrete coatings. Monitoring bolt and protective cap are attached to 

wire mesh. During the project, the bolt must be covered appropriately. The bolt head must be recessed a 

minimum of 10 mm from the surface of the shotcrete coating. 
 

 
Figure 6. (e): Sketch of the monitoring bolt unit mounted in the shotcrete liner.  

(f): Bolt and adapter with prism lens mounted in a niche 



Revista Minelor – Mining Revue       vol. 28, issue 1 / 2022 

ISSN-L 1220-2053 / ISSN 2247-8590       pp. 1-23 

 

11 

3.2.5 Installation and measurement procedure 

To achieve maximum efficiency with the measured data and to ensure comparable measurement results, 

the following points should be observed during underground monitoring and surface monitoring; 

- A predefined break point must be provided between the bolt and the lens, to avoid damage caused 

by bolts. 

- Solid mounting of the bolt. 

- Protection against damage during the application of shotcrete. 

- Existing installations must be taken into account when positioning objectives to ensure observations 

of the tachometer. 

- In the case of surface objectives, the foundations must be integrated under the frost or permafrost 

zone. 

- For surface objectives, the height of the objective above the ground must be between 50 and 100 

cm. 

- (Refraction influence). 

 

3.2.6 Underground 

- The objectives of a monitoring station must be; 

- Install immediately behind the front of the last turn and zero reading taken without delay; the 

maximum deviations from the planned installation of the station +/- 1 m are acceptable. 

- Install in the same position as those of the previous phases of construction, that is to say sum, 

bench (tolerance +/- 1 m). 

- Install at the same station as surface surveillance points (tolerance +/- 1 m). 

- Concurrent registration of the construction phase (for example, face positions) and exact assignment 

to measurements; 

- The position of the front is determined by the average value of at least three measures of the 

position of the front (figure 6-g). 

- The position of the forehead can be determined without a objectives (precision + - 10 cm). 

- The new front position is valid as soon as more than 25% of the face is excavated. 

 

 
Figure 6. (g): Determination of the frontal position 

 

 

4. Results and discussions 

 

It was observed in the whole of the rock mass of left tube of the tunnel on the kelomitric point KP. 2,501 

(figure 7-a) during a period of 330 days;  a total deformation of 4 mm at the Left Waist (it is a punctual 

deformation which is not distributed towards the different directions), a total deformation of 23 mm at the Left 

Shoulder (a descending deformation distributes most to the front and some may to the left and to the right), a 

total deformation of 71 mm at the Crown (a descending deformation distributing most towards the left and a 

little towards the front), a total deformation of 134 mm at the Right Shoulder (a descending deformation 

distributing completely towards the front) and a total deformation of 5 mm at the Right Waist (it is a punctual 

deformation which is not distributed towards the different directions). Also, what remarkable; is that the 

minimum deformation is located in the waists, and that the maximum deformation is in the Right Shoulder 

(exactly in the "Crown-Right Shoulder" line on the upper right side of the tunnel's tube), followed by the 

deformation on the Crown and on the Left Shoulder respectively.   
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Figure 7. (a):  Left tube Tunnel Cross section KP 2,501.000/ First measure: 15.05.-2017, Last measure: 7.04.2018 

 

Afterwards, on the kelomitric point KP. 2,516 (figure 7-b) during a period of 427 days;  a total deformation 

of 5 mm at the Left Waist (an almost punctual deformation with a small distribution to the right), a total 

deformation of 107 mm at the Left Shoulder (an ascending deformation distribute completely towards the right 

rear), a total deformation of 30 mm at the Crown (an ascending deformation mostly towards the right rear with 

a partial deformation directly towards the front), a total deformation of 44 mm at the Right Shoulder (a 

deformation distributed totally to the left in a half-dispersed way towards rear and front) and a total deformation 

of 25 mm at the Right Waist (a deformation distributed in a dispersed way in right and left halves towards the 

front). Also, what remarkable; is that there are significant deformations in all five (05) measuring points, and 

that the minimum deformation is located in the waists, and that the maximum deformation is in the Left 

Shoulder (exactly in the "Left Shoulder- Crown" line on the upper left side of the tunnel's tube), followed by 

the deformation on the Right Shoulder and on the Crown respectively.   

 

 
Figure 7. (b):  Left tube Tunnel Cross section KP 2,516.000/ First measure: 17.01.2017, Last measure: 21.03.2018 
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Afterwards, on the kelomitric point KP. 2,541 (figure 7-c) during a period of 270 days;  a total deformation 

of 4 mm at the Left Waist (a minor almost punctual deformation distributed in all directions in an equal way), 

a total deformation of 32 mm at the Left Shoulder (a descending deformation distributing almost completely 

towards the front), a total deformation of 48 mm at the Crown (a descending deformation distributing almost 

completely towards the front of the left side), a total deformation of 51 mm at the Right Shoulder (A descending 

deformation distributing almost totally to the left of the front) and a total deformation of 2 mm at the Right 

Waist (a minor almost punctual deformation distributed in all directions in an equal way). Also, what 

remarkable; is that there is a closeness deformation value between three (03) measuring points (1, 2 and 3), 

and that the minimum deformation is located also in the waists, and that the maximum deformation is in the 

Right Shoulder (exactly in the "Right Shoulder- Core" line on the upper right side of the tunnel's tube), 

followed by the deformation on the Crown and on the Left Shoulder respectively.    

 

 
Figure 7. (c):  Left tube Tunnel Cross section KP 2,541.000/ First measure: 21.06.2017, Last measure: 26.03.2018 

 

Afterwards, on the kelomitric point KP. 2,555 (figure 7-d) during a period of 387 days;  a total deformation 

of 43 mm at the Left Waist (a deformation to distribute completely to the rear right with a small punctual 

deformation), a total deformation of 25 mm at the Left Shoulder (a descending deformation distribute equally 

to the front, left and right), a total deformation of 24 mm at the Crown (a descending deformation distributing 

almost completely evenly to the front, left and right with a small deformation towards the rear), a total 

deformation of 29 mm at the Right Shoulder (a deformation distribute halfway evenly to the front and rear) 

and a total deformation of 5 mm at the Right Waist (a minor punctual deformation distributed in all directions 

in an equal way). Also, what remarkable; is that there is a first appearance of a significant deformation on the 

left waist since the first monitoring in this tunnel tube, and that the minimum deformation is located this time 

only on the Right Waist, and that the maximum deformation for the first time is in the Left Waist (exactly in 

the " Left Waist - Crown" line on the middle left side of the tunnel's tube), followed by the deformation on the 

Right Shoulder, Left Shoulder and on the Crown respectively.    
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Figure 7. (d):  Left tube Tunnel Cross section KP 2,555.000/ First measure: 4.03.2017, Last measure: 26.03.2018 

 
 Afterwards, on the kelomitric point KP. 2,566 (figure 7-e) during a period of 354 days;  a total 

deformation of 36 mm at the Left Waist (a descending deformation distributing to the front left and the front 

right in an equal manner with a small almost punctual deformation), a total deformation of 49 mm at the Left 

Shoulder (a descending deformation distribute totally towards the front left in an expansive way towards the 

core), a total deformation of 76 mm at the Crown (a descending deformation distribute a little to the front and 

most to the front right in a progressive manner), a total deformation of 61 mm at the Right Shoulder (a 

descending deformation distribute towards the right rear in a balanced manner) and a total deformation of 78 

mm at the Right Waist (an ascending deformation distribute a little towards the right rear and most towards 

the front). Also, what remarkable; is that for the first time since the monitoring started; there are significant 

deformations in all five (05) measurement points (1, 2, 3, 4 and 5), and that the maximum deformation for the 

second time is in the Waist (exactly in the "Right Waist - Core" line on the middle right side of the tunnel's 

tube), followed by the deformation on the Crown, Right Shoulder, Left Shoulder and on the Left Waist 

respectively.    

 

 
Figure 7. (e):  Left tube Tunnel Cross section KP 2,566.000/ First measure: 19.02.2017, Last measure: 8.02.2018 
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Then lastly, on the kelomitric point KP. 2,577 (figure 7-f) during a period of 377 days;  a total deformation 

of 44 mm at the Left Waist (a deformation distributed equally towards almost all directions with a small 

deformation towards the rear), a total deformation of 67 mm roughly at the Left Shoulder (a descending 

deformation distribute totally towards the right front and left front in an equal and progressive manner), a total 

deformation of 33 mm at the Crown (a descending deformation distribute almost completely towards the left 

front in a progressive manner), a total deformation of 45 mm at the Right Shoulder (a descending deformation 

distributing almost completely in an expansive manner to the front left with a small ascending deformation 

towards the rear) and a total deformation of 55 mm roughly at the Right Waist (a deformation distributed 

towards all directions in an almost equal way). Also, what remarkable; is that the deformations at the level of 

the five (05) measurement points (1, 2, 3, 4 and 5) are closeness, and that the maximum deformation is in the 

Left Shoulder (exactly in the Left " Shoulder - Waist" line on the left side of the tunnel's tube), followed by 

the deformation on the Right Waist, Right Shoulder, Left Shoulder and on the Crown respectively.     

 

 
Figure 7. (f):  Left tube Tunnel Cross section KP 2,577.000/ First measure: 26.01.2017, Last measure: 8.02.2018 

 

Secondly; it was marked in the whole of the rock mass of right tube of the tunnel on the kelomitric point 

KP. 26,562 (figure 8-a) during a period of 155 days;  a total deformation of 25 mm at the Left Waist (a non-

diffuse and non-expanded almost punctual deformation distribute slightly to the right front), a total deformation 

of 26 mm at the Left Shoulder (a deformation concentrate descending distribute slightly most towards the front 

right), a total deformation of 28 mm at the Crown (a non-diffuse and non-expanded deformation almost 

punctual distribute totally towards the front in a slight manner), a total deformation of 29 mm at the Right 

Shoulder (a non-diffuse and non-expanded deformation almost punctual distribute slightly towards the front 

left) and a total deformation of 28 mm roughly at the Right Waist (it is a punctual deformation which is not 

distributed towards the different directions). Also, what remarkable; is that the deformations at the level of the 

five (05) measurement points (1, 2, 3, 4 and 5) are almost all punctual and had almost the same values, and 

that the maximum deformation is in the Right Shoulder, followed equally by the deformation on the Right 

Waist and the Crown, then on the Left Shoulder and Left Waist respectively.     
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Figure 8. (a):  Right tube Tunnel Cross section KP 26,562.000/ First measure: 21.11.2017, Last measure: 26.03.2018 

 
 Afterwards, on the kelomitric point KP. 26,576 (figure 8-b) during a period of 346 days;  a total 

deformation of 00 mm at the Left Waist (null deformation), a total deformation of 55 mm at the Left Shoulder 

(a direct and non-expanded deformation almost punctual distribute completely to the front right), a total 

deformation of 52 mm at the Crown (a deformation concentrate descending distributes totally towards the front 

right in a slight manner), a total deformation of 37 mm at the Right Shoulder (a concentrated deformation 

distribute to half equally to the front and to the rear) and a total deformation of 11 mm at the Right Waist (a 

non-diffuse and non-expanded deformation almost punctual distribute towards the different directions). Also, 

what remarkable; is the absence of deformation in the left waist, and that the maximum deformation is in the 

Left Shoulder, followed by the deformation on the Crown, Left Shoulder and Left Waist respectively.       

 

 
Figure 8. (b):  Right tube Tunnel Cross section KP 26,576.000/ First measure: 15.05.-2017, Last measure: 26.03.2018 
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Afterwards, on the kelomitric point KP. 26,588 (figure 8-c) during a period of 346 days;  a total 

deformation of 09 mm at the Left Waist (a concentrated non-defused and non-expanded deformation distribute 

to the front), a total deformation of 51 mm at the Left Shoulder (a concentrated descending deformation 

distribute almost completely to the front with a small part towards the rear in a slight manner), a total 

deformation of 57 mm at the Crown (a concentrated deformation distribute most to the front with a rest part to 

the rear in a slight manner), a total deformation of 70 mm at the Right Shoulder (a non-defused and non-

expanded deformation concentrated distribute almost totally to the front) and a total deformation of 67 mm at 

the Right Waist (a concentrated descending deformation distribute almost completely to the front slightly left). 

Also, what remarkable; is that almost all the deformations in the five (05) measurement points are concentrated 

and unexpanded and are closeness in the four points (1, 2, 3 and 5), and that the maximum deformation is in 

the Right Shoulder, followed by the deformation on the Right Waist, Crown, Left Shoulder and Left Waist 

respectively.        

 

 
Figure 8. (c):  Right tube Tunnel Cross section KP 26,588.000/ First measure: 15.05.-2017, Last measure: 26.03.2018 

 

Afterwards, on the kelomitric point KP. 26,603 (figure 8-d) during a period of 305 days;  a total 

deformation of 07 mm at the Left Waist (a concentrated non-defused and non-expanded deformation distribute 

to the front left), a total deformation of 00 mm at the Left Shoulder (null deformation), a total deformation of 

66 mm at the Crown (a concentrated non-defused deformation distribute totally to the front in a slight manner), 

a total deformation of 73 mm at the Right Shoulder (a non-defused and non-expanded deformation 

concentrated distribute totally to the front left) and a total deformation of 25 mm at the Right Waist (a 

concentrated punctual deformation). Also, what remarkable; is the absence of the deformation in the Left 

Shoulder since the first monitoring in this tunnel tube, and that the maximum deformation is in the Right 

Shoulder, followed by the deformation on the Crown, Right Waist and Left Waist respectively.        
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Figure 8. (d):  Right tube Tunnel Cross section KP 26,603.000/ First measure: 15.05.-2017, Last measure: 8.02.2018 

 

Afterwards, on the kelomitric point KP. 26,616 (figure 8-e) during a period of 305 days;  a total 

deformation of 53 mm at the Left Waist (an ascending non-defused and non-expanded deformation distributed 

towards the right rear in a slight manner), a total deformation of 126 mm at the Left Shoulder (a descending 

non-defused deformation distribute totally to the front), a total deformation of 126 mm at the Crown (a 

descending non-defused deformation distribute totally to the front), a total deformation of 83 mm at the Right 

Shoulder (a descending non-defused deformation distribute totally to the front) and a total deformation of 09 

mm at the Right Waist (an almost concentrated punctual deformation with small deformation towards the left 

in a slight manner). Also, what remarkable; is the values increased in a significant way especially in the three 

upper measuring points (1, 2 and 3) in this tunnel tube since the start of these monitoring, and that the maximum 

deformation is in the Left Shoulder and Crown equally, followed by the deformation on the Left Shoulder, 

Left Waist and Right Waist respectively.        
 

 
Figure 8. (e):  Right tube Tunnel Cross section KP 26,616.000/ First measure: 15.05.2017, Last measure: 8.02.2018 



Revista Minelor – Mining Revue       vol. 28, issue 1 / 2022 

ISSN-L 1220-2053 / ISSN 2247-8590       pp. 1-23 

 

19 

Afterwards, on the kelomitric point KP. 26,626 (figure 8-f) during a period of 305 days;  a total 

deformation of 09 mm at the Left Waist (a concentrated punctual deformation), a total deformation of 108 mm 

at the Left Shoulder (a descending non-defused deformation distribute totally towards the front slightly left), 

a total deformation of 102 mm at the Crown (a descending non-defused deformation distribute totally to the 

front slightly left), a total deformation of 149 mm at the Right Shoulder (a descending non-defused deformation 

distribute totally to the front slightly left) and a total deformation of 07 mm at the Right Waist (an almost 

concentrated punctual deformation). Also, what remarkable; is that the values of the three previous upper 

measuring points (1, 2 and 3) remain increased, and that the maximum deformation is in the Right Shoulder, 

followed by the deformation on the Left Shoulder, Crown, Left Waist and Right Waist respectively.        

 

 
Figure 8. (f):  Right tube Tunnel Cross section KP 26,626.000/ First measure: 15.05.2017, Last measure: 8.02.2018 

 

Afterwards, on the kelomitric point KP. 26,635 (figure 8-g) during a period of 305 days;  a total 

deformation of 09 mm at the Left Waist (a concentrated punctual deformation), a total deformation of 115 mm 

at the Left Shoulder (a descending non-defused deformation distribute totally towards the front left), a total 

deformation of 152 mm at the Crown (a descending non-defused deformation distribute totally to the front 

left), a total deformation of 151 mm at the Right Shoulder (a descending deformation distribute totally to the 

front left) and a total deformation of 07 mm at the Right Waist (a concentrated punctual deformation). Also, 

what remarkable; is the continued increase in deformation values of the three previous upper measuring points 

(1, 2 and 3) and that the values of the Waists remain constant without any evolution, and that the maximum 

deformation is in the Crown, followed by the deformation on the Right Shoulder, Left Shoulder, Left Waist 

and Right Waist respectively.        
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Figure 8. (g):  Right tube Tunnel Cross section KP 26,635.000/ First measure: 15.05.2017, Last measure: 8.02.2018 

 
 Finally, on the kelomitric point KP. 26,641 (figure 8-h) during a period of 305 days;  a total 

deformation of 51 mm at the Left Waist (an almost punctual deformation with a small distribution towards the 

right rear), a total deformation of 00 mm at the Left Shoulder (null deformation), a total deformation of 00 mm 

at the Crown (null deformation), a total deformation of 00 mm at the Right Shoulder (null deformation) and a 

total deformation of 52 mm at the Right Waist (an almost punctual deformation with a small distribution 

towards the right rear). Also, what remarkable; is that there is no deformation in the upper three measuring 

points (1, 2 and 3) and that the values of the waists increase and they are almost equal.        

 

 
Figure 8. (h):  Right tube Tunnel Cross section KP 26,641.000/ First measure: 15.05.2017, Last measure: 8.02.2018 

 



Revista Minelor – Mining Revue       vol. 28, issue 1 / 2022 

ISSN-L 1220-2053 / ISSN 2247-8590       pp. 1-23 

 

21 

After reaching the medium rock class (III) limits and completing the monitoring of the weak rock class 

(IV) inside the both tubes of Texanna tunnel, and after analyzing all the measurement points in each designed 

cross section in both tubes during a full year period, we summarize the results in the graphs of the figure 9. 

-10 0 10 20 30 40 50 60 70 80

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

S
e

tt
le

m
e

n
t 
(D

e
fo

rm
a

ti
o

n
 (

m
m

))

tunnel lenght (m)

 Left waist

 Left shoulder

 Crown

 Right waist

 Right shoulder

(a)

0 20 40 60 80

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

S
e

tt
le

m
e

n
t 
(D

e
fo

rm
a

ti
o

n
 (

m
m

))

tunnel lenght (m)

 Left waist

 Left shoulder

 Crown

 Right waist

 Right shoulder

(b)

 
Figure 9. (a) Deformations of the left tube tunnel, (b); Deformations of the right tube tunnel;  

- in the weak rock class (IV) from the beginning of the tunnel portal along to 80 m 

 
We can notice, in a general way and initially, that there is a relationship of proportionality between the 

deformations at the different measurement points between the two tunnel tubes over a length of 80 meters for 

the weak rock mass (class IV); When the deformation is large in the right tube, we find that it is less in the left 

tube somehow, and when we calculate the total rock mass deformations at the same measurement cross-section 

between the two tubes, we find it somehow integrated; as if to maintain the same value of a complete 

deformation of rock mass of the both tubes. 

 

4. Conclusions 

 

This article was drawn up 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. It was 

recommended to dig the Texanna Tunnel by the mechanical excavation method, and to develop 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 deformation and decreases the 

confinement capacity of the tunnel. The confinement capacity significantly improves when the provisional 

supports installed, but for the sake of complete guarantee, continuous field monitoring of each step in each 

stage is necessary. To ensure the confinement of the tunnel tubes, field monitoring was carried out on the rock 

mass for approximately 365 days.  It was found that an increase in the deformation of a tunnel tube 

compensated by a decrease in the deformation of the opposite tube (the other one) of the same measurement 

cross-section (same kilometric point KP.), and vice versa. This effect between the two tubes of the 

deformations studied was apparently the explanation of a geological phenomenon of the conservation of the 

rock masses. 
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