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The sequence began with a side drift adjacent to the rock pillar separating the two tunnels, followed by 
one to three additional stages (top heading and benching), the number of which varied according to 
local ground conditions. This staged approach allowed for progressive assessment of the rock mass 
and real-time adaptation of support measures. In the most critical sections within the Transition Zone, 
four excavation stages were implemented to maintain tunnel stability and minimize deformation: two 
side drifts, top heading, and benching, including invert closure. The use of partial-face excavation 
offered several advantages: it enabled direct geological mapping of the rock pillar before enlargement, 
reduced vibration transmission to the existing tunnel, and allowed pre-reinforcement through grouting 
or transverse bolting when karstic voids or weak zones were encountered. At the peculiar Emergency 
Bay South section, where the new and existing tunnels intersected under a 55m overburden, partial-
face excavation proved essential. The combination of large spans (up to 35m), ongoing traffic in the 
adjacent tube, and poor ground conditions required controlled excavation stages supported by steel 
ribs, shotcrete up to 40cm thick, spiling, and fiberglass face bolts. This sequenced construction 
ensured both safety and service continuity, demonstrating how partial-face excavation within the 
Sequential Excavation Method can provide a flexible and reliable solution under complex geological 
and operational constraints. Started in 2019, R60TP was successfully completed in 2024, with the 
commissioning of the refurbished existing tunnels. 

4 Sotra Link Project (Norway): full-face excavation of Drotningsvik 
Tunnel at the Kipledalen section 

The Sotra Link Project (SLP) is one of Norway's priority infrastructure projects. It encompasses the 
design, financing, construction, and maintenance of a range of surface and underground facilities, 
connecting the city of Bergen and the Sotra island. The SLP comprises 9km of highway, a 900m-long 
suspension bridge, 12.5km of tunnels (Kolltveit, Straume, Knarrvika, Drotningsvik), 19 roads and 
pedestrian underpasses, 3 tunnel portals, 22 bridges and viaducts, and 14km of pedestrian and bicycle 
paths (Barbieri et al. 2025). Construction works started in March 2023, with ongoing activities across 
all four main tunnels. The Drotningsvik area, located in the Eastern section, features the most complex 
underground structure of the project. Excavated near the Kiplevatnet lake, the most complex section of 
the Drotningsvik tunnel includes both the North tube and the South tubes. This section spans a total 
length of 30m, with a maximum width of 19m, and a front height reaching up to 9m.The main 
engineering challenges with this section can be summarized as follow: i) very limited overburden, 
with a minimum cover of approximately 6m; ii) potential interference with an existing viaduct which 
pillar load is founded in the ground upon the North tube; iii)interference with the pillar of a planned 
pedestrian bridge to be built after the tunnel excavation; iv) poor quality of fractured rock mass 
infillings, which may induce swelling phenomena and consequently affect the long-term performance 
and durability of the permanent structures (Tab.3). The excavation design solutions for Kipledalen 
section have been developed to minimize the possible impact of the tunnel construction on the upper 
viaduct to be maintained fully operative and to avoid draining the lake’s water resources. 

Bidimensional finite element analyses have been performed by RS2 code, under plane strain 
conditions, to estimate stresses and displacements on the concrete support during the full-face 
excavation phases (Fig.7a). An elastic-perfectly plastic Mohr-Coulomb criterion was adopted as the 
constitutive law. Supports consist of rock bolts (ϕ25, L=4-5m), primary lining (FRC B35 thickness 
250mm + steel mesh K335),spiling bolts (73/56 L=8m), fiberglass bolts at tunnel face (ϕ25, L=6m, 
spacing 1.1x1.1m). Reinforced ribs of shotcrete RRS (spacing 1.50m, shotcrete B35: thickness 
600mm, steel bars ϕ20 B500NC) have been adopted as a permanent lining for stabilizing very poor 
rock mass conditions. The rib-reinforced shotcrete arches provide a superior stiffness if compared to 
lattice girders, because of an increased adherence with the tunnel perimeter and a systematic bolting of 
the arches (Fig.7b, Barton and Grimstad 2014). This solution provides a general optimisation if 
compared to an equivalent primary liner,e.g. in terms of section efficiency and higher capacity to 
bending moment, under compression. However, a higher load capacity to pure tensile force is given by 
an equivalent lining, but this represents an infrequent condition in tunnelling. 

 
Table 3. Geotechnical properties of the soil/rock units. 

 γ [kN/m3] φ [°] c’ [kPa] E [MPa] v [-] Ψ [°] Q [-] 
Rockfill 20 42 10 75 0.25 12 - 
Weathered bedrock 29 30 70 1500 0.20 0 0.14 
Good rock mass 29 40 4500 6000 0.17 10 290 
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