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ABSTRACT 
 

The Brenner Base Tunnel will be 64 kilometers long and will be the centerpiece of the 

Scandinavian-Mediterranean TEN-T Corridor from Helsinki to Valetta (Malta). The tunnel 

comprises twin single-track rail tunnels with a service and drainage gallery in between.  

 

The primary focus in this paper is on the construction of the 15km long exploratory tunnel 

Ahrental where a well-adapted TBM concept was used. Tunneling started from Ahrental 

(Austria) towards the Italian border in challenging terrain using a 7.93m-diameter Gripper 

hard rock TBM. The geology along the section was characterized as extremely challenging 

with quartz phyllite and shale and high overburden of up to 1300m. Numerous fault zones 

were predicted along the drive with expected loose to friable rock mass. The publication 

addresses in particular the special TBM design and project experiences with the operation of 

a Gripper TBM in challenging rock mass. 
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1 INTRODUCTION 
 

The Gotthard Base Tunnel, which was commissioned in June 2017 as the longest railway tunnel 

in the world, will cede this title in the near future to another epoch-making structure in the Alps, the 

Brenner Base Tunnel. The Brenner Base Tunnel is an important link between Munich and Verona 

and will contribute to sustainable mobility.  
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Together with the existing Innsbruck bypass in Austria, the Brenner Base Tunnel has a total length 

of 64 kilometers. This will make the joint venture between Italy and Austria seven kilometers longer 

than the Gotthard Base Tunnel. 

 

 

The Brenner Base Tunnel (BBT) crosses through the Alps below the Brenner Pass. It has some 

similarities with the Gotthard, which is partly attributable to the fact that the owner of the Brenner 

Base Tunnel (BBT) has been working with experts from Alptransit Gotthard for many years. Like 

the Gotthard Base Tunnel, the Brenner also consists of two single-track parallel tubes and much of 

the technology from the Gotthard has been adopted. The experience gained during construction of 

the Gotthard has been taken into consideration in the safety and rescue concept for the BBT, for things 

such as the emergency stops. Connecting galleries between the tubes are planned every third of a 

kilometer. These cross passages serve as escape routes in emergency situations and comply with the 

highest safety standards in tunnel construction. 

 

A special feature of the Brenner Base Tunnel is the exploratory tunnel that is being bored over its 

entire length about twelve meters bw and in between the main tunnel tubes, which will also serve as 

a service and drainage gallery during operation. The tunnelling work on the exploratory tunnel will 

provide information about the nature of the rock mass and thereby minimize construction costs and 

time.  

 

This publication focuses on the drive for the 15-kilometer-long Ahrental exploratory tunnel. The 

paper discusses the technical considerations and approaches for tunnelling in the predicted loose to 

friable rock mass with squeezing rock zones and summarizes the experience of the Gripper TBM 

deployment. 

 

 

2 PROJECT OVERVIEW AND REQUIREMENTS FOR THE TBM 
 

Part of the construction lot Tulfes-Pfons envisages the construction of the 15km long exploratory 

tunnel section using TBM tunnelling between the Ahrental hub and the municipality of Pfons with 

the aim of developing an optimal tunnelling, material management and safety concept for the 

construction phase of the main tunnel. According to the technical terms of the contract, the use of an 

open hard rock TBM was specified for the continuous excavation of the tunnel. One of the challenges, 

together with the extremely demanding predicted geological conditions, which will be discussed in 

more detail, was the assembly of the TBM in a cavern 3.5 kilometers deep inside the mountain.  

 

The TBM advance started in the assembly and start-up cavern at km 6+922 and extends to km 

22+000 (transition to tunnelling of the exploratory tunnel Wolf). An extension of the drive is being 

considered based on the advance rates so far. The excavated radius of 3.95m takes into account 

deformation tolerances of up to 150mm, a shotcrete outer shell of up to 300mm and a possible 

(subsequent) inner shell of 250mm. Overburden between 420m in the Navistal area up to a maximum 

of 1300m in the Schröflkogel area are found along the tunnelling route. The section of the BBT thus 

has a comparatively low overburden height compared to the Gotthard Base Tunnel. The expected 

geological conditions are extremely demanding for TBM tunnelling. Compared to the Gotthard, 

relatively soft rocks are encountered here, with predominantly formations of Innsbruck quartz phyllite 
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and Graubünden shale. Numerous fault zones are predicted, which make up about 19% of the total 

distance of the drive. The soft bedrock (shale and phyllite) is thus characterized by a high degree of 

difficulty in some sections compared to the Gotthard. 

For the characterization of the expected rock mass conditions along the Ahrental section, a 

subdivision into rock mass behavior types took place. Fundamentally these indicate loose to friable 

rock mass, shear failure or even squeezing rock behavior. 

The following minimum requirements for the TBM were thus defined for the TBM design: 

• Radial rock deformations of 150mm with a nominal diameter of 7.9m 

• Handling of fault zones and radial displacements of up to 400mm 

• Water runoff of up to 10l/s/10m 

• Radial rock pressure of 500kN/m2 

• Probe drilling for strata exploration from the working area A1 

 

The tunnel boring machine used for the construction lot must meet very high and complex 

requirements. In addition to technical performance and safety for the personnel, economic aspects 

also play a prominent role.  

 

On excavating the cavity in the partially squeezing rock zones, without appropriate 

countermeasures major, long-lasting deformations of the cavity can develop. The phenomenon occurs 

primarily in rock types of low strength and high deformability, which are also mainly to be expected 

along the section. In the following section, the machine concept and technical considerations and 

approaches for drives in squeezing rock mass with an open hard rock machine are explained in more 

detail and previous experience summarized. 

 

 

3 TBM LAYOUT AND PROJECT SPECIFIC DESIGN FEATURES 
 

For the exploratory tunnel, Herrenknecht supplied a 200-meter-long and 1800 tonne Gripper TBM 

with an excavation diameter of 7.93 meters.  

 

In keeping with the predicted geology, the machine was designed for areas of squeezing rock. 

Because of the squeezing rock mass behavior, the design of the machine took into account the 

reduction of the excavation diameter (geometric influence) following excavation and possible 

increasing rock loads in preventing this deformation (load influence). 

 

The cutterhead is equipped with 46 19" discs and, for transport reasons, consists of 3 parts, which 

were welded together on the jobsite. By means of 3 overcutting tools, a maximum overcut of 100mm 

in radius can be achieved (maximum excavation diameter is 8130mm). The possibility of a variable 

excavation diameter is a suitable measure to provide more leeway for rock mass deformations and 

thus pass through zones of squeezing rock mass. 

 

Open TBMs must have a flexible front shield including an adjustable invert shoe, whose kinematic 

range covers the envisaged variance of the excavation diameter. The same applies to the gripper unit 

and the rear support as well as to possible relations to the excavation diameter in the back-up area, 

such as walking legs. In contrast to shield machines, in which the entire back-up is based on the 

constant internal diameter of the segments, in open machines the remaining excavation diameter 
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remains relevant for all following operations. Predicted variances upward (expansion) and downward 

(rock mass deformation) must be taken into account in the initial design.  

Devices for the installation of primary rock support directly behind the dust shield must be 

designed for the smallest and largest diameters possible. This is of particular importance for 

mechanized arch setting equipment. 

 

Thanks to the adjustability of the design of the gripper shield or the front shield on all sides (see 

the following illustration), the machine axis can be kept concentric to the excavation axis even with 

an increased diameter. 

 

 
Figure 1. Flexible gripper shield with adjustable roof shield (green), side wings (yellow) and invert 

shoe (blue). 

 

The gripper shield can be extended to suit the maximum excavation diameter. With regard to the 

defined minimum requirements for the TBM, the gripper shield is designed for a radial load of 500 

kN/m2. 

 

With a time-dependent deformation behavior of the rock mass with a possible accompanying 

reduction of the excavated diameter, in addition to the overcut the length of the shield skin is 

paramount. Compared to a shielded TBM the Gripper TBM is equipped with a flexible gripper shield 

and has a short front shield length. For the Gripper TBM used here, the front shield including fingers 

has a length of 4420mm. The kinematics of the front shield segments (see figure) allow variation 

within the structurally possible radial strokes, including a reduction of the diameter when a 

predetermined rock pressure is exceeded. 

 

The predictions of the ground conditions likely to be encountered along the exploratory tunnel 

were classified as difficult in places, making the possibilities of early rock support immediately 

behind the cutterhead shield very important. The challenge for the machine manufacturer is to 

optimize the operator safety, degree of mechanization and flexibility with regard to the support 
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methods used under the extremely harsh environmental conditions prevailing in this area of the 

machine.  

Immediately behind the cutterhead shield in the L1 area, two independently moving drills are 

installed for rock support. The maximum drilling depth per stroke is 3,000mm and by extending the 

drill rods, longer drilling depths are possible. Also installed in the L1 area is an erector with which 

the steel ring arches are assembled and installed, and a spraying manipulator with which shotcrete 

can be applied in the area behind the gripper shield. 

 

The back-up unit consists of 10 trailers and a bridge construction. In back-up 1 is the rock support 

for the L2 area. It consists of an anchor drilling system with two drill carriages and a spraying 

manipulator with attached operating platform. On a ring carrier behind the shotcrete manipulator, the 

drill (setting angle variable between 6-9°) for probing and injection drills is mounted, which can be 

moved radially 120° in the crown area.  

 

The findings from the driving of the exploratory tunnel, in particular with regard to the encountered 

nature of the rock mass, are to be used for an optimal tunnelling and safety concept for the TBM 

tunnelling of the main tunnel tubes. To help with the geological/geotechnical interpretation of the 

tunnel face, five of the 19-inch disc cutters were equipped with the newly developed DCLM (Disc 

Cutter Load Monitoring) system. The DCLM system measures the cutting load acting on the disc 

cutters, which allows conclusions to be drawn about the condition of the tunnel face and thus an 

optimization of the drive parameters. On the monitored tracks the disc cutter load monitoring system 

allows detection of changing geological conditions such as fractures, stratifications, etc. in real time. 

The image for visualizing the DCLM data in the control cabin has been supplemented with an 

additional display for the proportion of underload and overload. As a result, the machine operator can 

recognize critical disc cutter overloads during the advance in real time as well as unstable conditions 

at the tunnel face on the basis of the disc cutter under-load. In addition, due to the configuration of 

certain limit values, the triggering of warning messages as well as further processing via the machine's 

PLC are easy to implement. 

 

Another five-disc cutter are equipped with the DCRM (Disc Cutter Rotation Monitoring) system, 

which monitors the rotational movement and temperature of the disc cutters, allowing the 

optimization of tool maintenance intervals.  
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Figure 2. DCLM, visualization of the load effect at the tunnel face according to color scaling in kN. 

 

Additionally, a camera system provides photos of the tunnel face to the control cabin monitors. 

The cameras are mounted in five positions across the cutterhead at a maximum radial distance apart 

of 1m. During tunnelling advance the cameras are protected by a cover and when the machine is 

stopped for maintenance the covers can be opened to begin taking photographs of the tunnel face. 

 

The camera system allows the tunnel face to be photographed during every maintenance shift and 

the individual images are processed into a 2D image of the tunnel face to assist in the detection of 

potential tunnel face instabilities such as loose rock falls in the crown area. 

 

 
 

Figure 3. Photo-optically recorded image of the tunnel face with five different camera positions on 

the cutterhead. 
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4 PROJECT EXPERIENCE TO DATE AND LESSONS LEARNED 
 

After transporting the tunnel boring machine to the jobsite, the components were trans-ported 

down an access gallery with a 12% gradient to an assembly cavern 3.5km deep in-side the mountain 

where the TBM was assembled. From there, the 15-kilometer advance began in September 2015 from 

Austrian Ahrental toward the Italian border. After excavating the exploratory tunnel, the Gripper 

TBM will be pulled back through the excavated tunnel. 

 

Along the first meters of the tunnel the open TBM had to master very complex ground conditions. 

The challenges the TBM had to face were sometimes extremely difficult rock formations with highly 

squeezing and swelling rock conditions with extensive invert heave and the encounter of fault zones 

with sometimes large-volume rock collapses, which were also encountered several times in the course 

of tunnelling. Tunnel advance rates in these conditions are largely determined by a high degree of 

rock support work required in the L1 and L2 area. Between the cutterhead and the installation area 

A1 are approx. 5.5m of tunnelling distance or lead time, which can be used as an "exploration 

element" for the L1 area to be secured. Due to the multiple collapses that continued to characterize 

tunnelling even after the first 1000 meters of tunnel, modifications were carried out in the TBM's 

rock support areas in order to minimize performance losses due to increased rock support 

requirements.  

 

Rock mass deformations, breakouts and collapses required additional support measures in the L1 

area directly behind the gripper shield, including shotcrete for initial rock support and 360° TH 

arches, which slowed the daily performance of the TBM advance. To date (as of June 2018), seven 

fault zones were encountered in which a reduction in performance - depending on the thickness of 

the fault zone - reduced tunnelling speeds to 1-3 m/day due to the high level of rock support required. 

In these difficult geological zones, in some cases with converging rock mass the available clearance 

in the L1 area between the bedrock geology and the spray nozzle for applying the shotcrete for initial 

roof support in the L1 area was sometimes greatly reduced.  
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Figure 4. Deformed rock support due to prevailing convergences. 

 

In addition, the shotcrete equipment in the L2 area was used much more extensively and required 

greater availability with reductions in cleaning and maintenance time windows, which in turn had a 

direct effect on the daily performance. In order to optimize tunnelling performance in these 

geologically extremely complex areas, a total modification of the shotcrete unit in the L2 area was 

carried out. The nozzle was designed to allow a larger, adjustable area between the nozzle and the 

tunnel wall. Also, rebound collection was completely separated from the system in order to be able 

to dispose of the rebound during spraying operations and perform cleaning work in parallel with the 

spraying. 

 

In the course of the advance, further system improvements were carried out. The TH arches were 

replaced with U-profiles and the ring beam erector was greatly modified for arch installation, which 

resulted in higher performance coupled with greater wear protection. Further optimization of the rock 

support measures meant that shotcrete in the L1 area was only applied by hand and only for initial 

support. The logistics were also optimized. The supply of the tunnel boring machine with invert 

segments, support material, and consumables was carried out with multi-service vehicles (MSV), 

which - despite the steep slope - transport the material from the surface through the lateral access 

tunnels directly into the back-up area.  
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A consideration of the advance rates results in a very satisfactory balance. In solid rock daily top 

performances of 61m and monthly performances of 825m were achieved, while regular weekly 

performances of around 200m were standard over many months. 

 

 

5 CONCLUSION 
 

With the construction of the Brenner Base Tunnel, another epoch-making project is being realized 

in the Alps. The 15-kilometer-long Ahrental exploratory tunnel is part of this major project and was 

excavated through extremely complex geology. Soft rocks with converging rock mass, unstable 

tunnel face conditions with accompanying breakouts and collapses at the tunnel face required 

increased rock support efforts and technology adapted to the complex conditions.  

 

The use of an open Gripper TBM was based on proven technology. Gripper TBMs have already 

proven themselves in numerous complex projects in the Alps, including the Lötschberg and the 

Gotthard tunnels. New in the evolutionary stage of this technology are systems that help to optimize 

tool maintenance intervals, such as the DCRM system and the DCLM system that makes it possible 

to draw conclusions about the nature of the tunnel face, thus allowing a kind of tunnel face scanning.  

 

Together with the newly developed camera system, in future real-time preliminary exploration 

will be possible and thus an optimization of the tunneling parameters along with improvements in 

terms of performance, safety and quality. The knowledge gained from driving the tunnel is 

contributing to the development of an optimal tunneling and safety concept for the construction of 

the main tunnel. 
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