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Abstract 
During the period from 2019 to 2023, as part of the project to construct the state road 
D403 from junction Škurinje to the Port of Rijeka and the construction of access roads 
to the Pelješac Bridge, geological supervision was carried out over the excavation of the 
"Podmurvice" tunnel with a total length of L=1237.00 m and the "Debeli Brijeg" tunnel 
with a total length of L=2443.00 m. The role of geological supervision over tunnel 
excavation involved actively participating in the process of determining the actual 
engineering geological profile along the tunnel route and the process of verifying the 
stability of underground excavation. During the design phase, geotechnical 
classification of rock mass was applied using the RMR and Q-system. During the 
excavation phase, in coordination with the supervisory authority, RMR geomechanical 
classification was adopted as the main and leading classification method of rock mass, 
all with the purpose of determining the actually executed category of rock mass 
excavation, which served as the main basis for determining the type of primary 
substructure assembly. The main goal of this article is to compare the predicted or 
designed conditions (engineering geological profile along the tunnel route, rock mass 
quality (excavation categories), types of primary substructure assembly, etc.) with the 
actually executed conditions at the mentioned locations of two recently constructed 
tunnels in the Republic of Croatia. 
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1   Introduction  
 
From 2019 to 2023, as part of the construction project of the state road D403 from the Škurinje 
interchange to the port of Rijeka and the construction of the access road to the Pelješac Bridge, 
geological supervision was carried out over the excavation of the three-lane "Podmurvice" tunnel and 
the two-lane "Debeli Brijeg" tunnel, with total lengths of L=1237.00 m and L=2443.00 m, respectively. 
Along the routes and corridors of both tunnels, geotechnical investigation works (GIW) were performed 
according to the research program agreed upon between the chief designer of the structure and the 
investor. The results of the investigative works were used as the main foundational basis for creating the 
predicted engineering geological (geotechnical) models, upon which the projects for the mentioned 
tunnel structures were developed. 
 
The role of geological supervision during the tunnel excavation (execution phase) was to actively 
participate in the process of determining the actual engineering geological profile along the tunnel route 
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and in the verification process of underground excavation stability (together with the specialist 
supervisory team) using a jointly agreed methodology. The main objectives of this article are to compare 
the predicted or designed state with the actual executed state at the specified locations of two recently 
constructed tunnels in the Republic of Croatia and to demonstrate, through practical examples, the 
identified shortcomings in the investigation phase, which consequently affected the deviations between 
the predicted and actual executed state. 
 
2   General overview of the location, structure, and geological features 
 
2.1  Tunnel "Podmurvice" – D403 (City of Rijeka) 
 
The main tunnel tube "Podmurvice" is the longest and most complex structure on the D403 route, 
consisting of three traffic lanes and passing under the densely built-up urban area of "Podmurvice". In 
plan view, the main tunnel tube has a specific curvature. The tunnel grade line is a uniform ascent of 
4.5% for almost the entire length of the tunnel. The underground excavation of the main tube was carried 
out over a length of 1237.00 m, starting at chainage km 0+589 and ending at chainage 1+826.00 m. The 
elevation at the entrance portal is +78.26 m above sea level, and the exit portal is at +22.09 m above sea 
level, which corresponds to a height difference of 56.17 m between the two portals. The maximum 
overburden of the Podmurvice tunnel is approximately 50 m, and the minimum is approximately 2.00 
m (IGH d.d. 2011a, IGH d.d. 2011b, Rijekaprojekt d.o.o. 2018). Within the main tunnel tube 
"Podmurvice", emergency pedestrian exits were constructed at an axial distance of approximately 30 m, 
connected to the main tunnel tube by 4 cross-passages designed exclusively for pedestrian use (Figure 
1).  
 

 
Figure 1. Tunnel "Podmurvice" 

 
The excavation work on the main tunnel tube started on November 27, 2020, and finished on February 
4, 2022, achieving an average progress of 3.50 meters per day. Considering the extremely complex 
geotechnical conditions (urban environment, zones with low overburden, poor rock mass quality, etc.) 
along the entire tunnel route, the excavation was carried out using the principles of the New Austrian 
Tunneling Method (NATM). The general principle of this method is that the rock mass itself is the main 
load-bearing element of the tunnel, with primary and secondary supports used only to establish a load-
bearing ring within the rock mass. Excavation methods included drilling and blasting (D&B), 
mechanical excavation (rock hammer), and combination of these methods. The contractor for the works 
was EUROASFALT Sarajevo d.o.o., while the supervision was performed by IGH d.d. and Geokon 
Zagreb d.d  (EURO-ASFALT d.o.o. 2022). Topographically, the area of the city along which the tunnel 
route passes is highly rugged, predominantly steep, and part of a highly developed karst region.  
 
The basic relief has been significantly altered by intensive city construction, filling, and cutting. 
Geologically, the tunnel route traverses an area composed of six lithostratigraphic units, ranging in age 
from the lower cretaceous to the paleogene. Table 1 provides the registered percentage share of 
lithostratigraphic units along the tunnel route. 
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Table 1. Lithostratigraphic units along the the "Podmurvice" tunnel route 

 
 
2.2  Tunnel "Debeli brijeg" – access roads to the bridge (Pelješac peninsula) 
 
The access roads to the Pelješac Bridge are part of a project to connect Southern Dalmatia, which has 
strengthened the connectivity of the national territory in the far south of the Republic of Croatia. As part 
of the construction of the access roads to the Pelješac Bridge, the two-lane "Debeli Brijeg" tunnel was 
built, consisting of a main tunnel tube and a service tunnel tube, which are interconnected by cross 
passages for pedestrian passage (9) and emergency vehicles (2). The "Debeli Brijeg" tunnel 
predominantly runs in a northeast-southwest direction, passing under an uninhabited area. The 
underground excavation of the main tube was carried out over a length of 2443.00 m. The elevation at 
the entrance portal (km 10+927) is +243.56 m above sea level, and at the exit portal (km 13+370) it is 
+240.435 m above sea level, which corresponds to a height difference of 3.12 m between the two portals. 
The tunnel grade line rises for the first 1100 m from the entrance portal, after which the slope decreases 
until the end of the tunnel structure (IGH d.d. 2016, IGH d.d. 2018). The maximum overburden of the 
"Debeli Brijeg" tunnel is approximately 158 m, and the minimum overburden outside the portal zones 
is approximately 7.5 m (Figure 2). 
 

      
Figure 2. Tunnel "Debeli Brijeg" 

 
The excavation work on the main tunnel tube (MTT) "Debeli Brijeg" began on April 1, 2020, and was 
completed on December 16, 2020, achieving an average progress of 5.69 m/day from the exit portal side 
and 4.87 m/day from the entrance portal side (HGI-CGS, 2007). The excavation was carried out using 
the principles of the New Austrian Tunneling Method (NATM), where the rock mass itself is the main 
load-bearing element of the tunnel, with primary and secondary supports used only to establish a load-
bearing ring within the rock mass. Excavation methods included drilling and blasting (D&B), 
mechanical excavation (rock hammer), and a combination of these methods. The contractor for the 
works was ZGS STRABAG AG/STRABAG d.o.o., while the supervision was performed by 
Investinženjering d.o.o., Centar za organizaciju građenja d.o.o., and Geokon Zagreb d.d. as the 
subcontractor for geological supervision. 
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The investigated area represents an elevated carbonate massif in the northeastern part of the Pelješac 
Peninsula, with a Dinaric direction extending northwest-southeast (NW-SE). The "Debeli Brijeg" tunnel 
was constructed in well-layered carbonate deposits of the Pelješac Peninsula mountain massif. The 
tunnel route area is built from two lithostratigraphic units of Upper Cretaceous age (Cenomanian-
Turonian-Senonian). Cenomanian deposits are represented by well-layered, monoclinally positioned 
dolomites with a dip direction towards the northeast (NE). The dolomites are typically dark gray, fine 
to medium-grained, and of late diagenetic type. Turonian and Senonian deposits are represented by well-
layered limestones. These are light gray or light brown mudstones, wackestones, and packstones, often 
recrystallized. The geological structure is monoclinal with a dip of the layers towards the northeast (ZGB 
Strabag AG/Strabag d.o.o. 2021). Table 2 provides the registered percentage share of lithostratigraphic 
units along the tunnel route. 

 
Table 2. Lithostratigraphic units along the "Debeli Brijeg" tunnel route 

 
 
 
3   Methodology of work 
 
Considering that tunnels are linear structures, it is very challenging to optimize a geotechnical 
investigation program that reliably defines the characteristics and conditions of the rock mass or soil in 
the subsurface. These characteristics can vary significantly along the tunnel route depending on the 
complexity of the underground geological conditions. The stabilization systems for the underground 
excavation, as described in the main geotechnical design, provide excavation technology and support 
system solutions that are of a predictive nature. During construction phase, these design solutions need 
to be verified or modified as necessary, which constitutes the second phase of design. Observations, 
measurements, tests, and analyses conducted during the second phase of design are an integral part of 
the tunnel project documentation and are recorded through the as-built tunnel documentation. 
The primary objectives of the second phase of designing the stabilization of the underground excavation 
were: 

 Determining the actual engineering-geological profile along the tunnel route, i.e., the actual 
stress-strain parameters of the rock mass along the tunnel route; 

 Geotechnical observations and measurements; 
 Optimizing all stabilization measures given in the first phase of design; 
 Verifying the stability of the underground excavation 

 
For determining the actual engineering geological profile and the quality of rock masses along the tunnel 
route during the construction of the tunnel, the following was carried out: 

 Engineering-geological mapping; 
 Classifying the rock mass; 
 Determining all relevant rock mass parameters. 
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Engineering geological mapping was conducted parallel to the tunnel excavation after each 
advancement step, necessitating the constant presence of a geologist on the construction site. The 
purpose of engineering geological mapping is classifying or categorizing the rock mass along the tunnel 
excavation. This mapping of tunnel excavations determines lithological, structural, and physical-
mechanical characteristics, degree of weathering, and spatial position of structural elements relative to 
the tunnel axis. In addition, mapping determines hydrogeological conditions (presence of groundwater 
and its impact on construction and later tunnel operation), justified over-excavation in zones with 
unfavourable geological conditions. The contractor's geologist and the supervising geologist were 
responsible for the quality of the mapping performed.  
 
Considering that the tunnels "Podmurvice" and "Debeli brijeg" are classified among those where the 
behavior of underground excavation during excavation and stabilization is primarily conditioned by 
structural defects in the rock mass, the RMR geomechanical classification (Bieniawski, 1989) and the 
Q system (Barton, Lien, Lunde, 1974; Barton, Grimstad, 1993) were applied during the design phase. 
During the construction phase, at the suggestion of the supervising engineer for excavation (geological 
supervisor), the RMR geomechanical classification (Bieniawski, 1989) of the rock mass was accepted 
as the main and leading method applied throughout the excavation of the "Podmurvice" and "Debeli 
brijeg" tunnels. Therefore, within the framework of engineering geological mapping, it was necessary 
to define geological parameters for classifying the rock masses for categorization purposes. The 
parameters needed to be recorded after every change in geotechnical conditions to determine the quality 
and category of the rock mass.  
 
The recording and determination of parameters were conducted in accordance with ISRM 
recommendations (ISRM 1978).  
 
During the tunnel excavation, zones were identified where, in addition to the rock mass quality 
determined by the RMR (Rock Mass Rating) geomechanical classification, it was necessary to consider 
the overall geotechnical characteristics affecting the stability of the underground excavation. These 
factors could result in different excavation categories and support systems compared to those derived 
solely from the rock mass quality determined through RMR parameter mapping. Examples of such zones 
include: 

 Portal zones: Areas at the tunnel entrance where ground conditions often change rapidly; 
 Zones with low overburden (H < B): Areas where the depth of cover is less than the tunnel 

span, posing stability challenges; 
 Fault zones: Areas with significant geological discontinuities; 
 Zones with unstable blocks in the tunnel crown (calotte): Areas where blocks are prone to 

instability and could fall; 
 Cavernous and speleological features: Presence of cavities and caves, which, depending on 

their size and position relative to the main tunnel axis, required special treatment for 
stabilization. 

 
These complex zones demanded tailored solutions to ensure the stability of the underground excavation. 
The standard support systems and excavation categories based on the RMR classification needed to be 
adjusted to account for the additional geotechnical features, ensuring safe and effective tunnel 
construction. 
 
4.   Brief overview of the investigation works 
 
Geotechnical investigation works (GIW) along the routes of the "Debeli brijeg" and "Podmurvice" 
tunnels were the basic basis for the creation of the main geotechnical projects of the tunnel. The GIW 
included exploratory drilling, engineering-geological mapping of the tunnel corridors, and geophysical 
surveys (seismic refraction and shallow reflection seismics). Along the corridor of the "Podmurvice" 
tunnel, a total of 4 exploratory boreholes were drilled with individual depths of 30.00 m (TP-1, 0+621 
km), 60.00 m (TP-2, 1+141 km), 30.00 m (TP-3, 1+620 km), and 12.15 m (TP-4, 1+810 km). Along the 
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corridor of the "Debeli brijeg" tunnel, a total of 5 exploratory boreholes were drilled with individual 
depths of 15.00 m (MPT-4, 10+937 km), 60.00 m (MPT-5, 11+172 km), 110.00 m (MPT-6, 12+026 
km), 95.00 m (MPT-7, 12+873 km), and 20.00 m (MPT-8, 13+330 km). It is important to note that 
during the investigation works, the design axis of the "Debeli brijeg" tunnel was partially redesigned, 
shifted such that only one (MPT-4) of the five boreholes lies in the designed axis of the tunnel, while 
the others are located within the mapped corridor of the tunnel. Based on all the conducted investigations 
and their office processing, two lithostratigraphic units and two engineering-geological blocks were 
identified in the researched area of the planned "Debeli brijeg" tunnel. In contrast to the "Debeli brijeg" 
tunnel, six lithostratigraphic units and four engineering-geological blocks were identified in the area of 
the planned "Podmurvice" tunnel. The criteria for this division were: lithostratigraphic characteristics of 
the rock mass, physical and mechanical properties of intact rock, the degree of tectonic fracturing, the 
intensity of karstification, and the characteristics of the main structural pattern. 
 
5   Comparison of predicted and executed excavation categories 
 
By comparing the predicted and executed engineering geological model along the routes of both tunnels, 
it was established that the spatial position of the elements of the basic structural assembly and the 
lithostratigraphic representation of the units along the routes were sufficiently accurately predicted in 
the research phase at the level of the tunnel level. However, the prediction of the representation of rock 
mass quality categories along the same routes significantly deviates from the executed one, which can 
be clearly seen in the diagrams of the comparison (Figure 5). 
Along both tunnels, during the creation of the predictive engineering-geological profile (report on the 
conducted investigation works) along the corridor of the tunnels, the predicted share of rock mass quality 
categories along the corridors was not provided, which significantly influenced and complicated the 
comparison and represents the main drawback of the investigation works. Considering all the above, the 
statistical comparison of predicted versus executed was made based on the data of the predicted 
cumulative share of rock mass quality categories taken from the main tunnel projects.  
In addition to the cumulative predicted data, all qualitative and quantitative descriptive data on the 
quality of the rock mass were used in the engineering-geological comparison between predicted and 
executed , which were integral parts of the report on the conducted investigation works. These data were 
used in the design to determine the predicted representation of rock mass quality categories along the 
routes of both tunnels and to select the appropriate type of primary substructure. 
 

  
Figure 5. Comparasion of predicted and executed mass quality categories  

 
The deviations in the representation of predicted and executed excavation categories are evident. 
Compared to the predicted share, the percentage share of II. excavation category is lower by 38.07%, 
the share of III. excavation category is higher by 27.60%, the share of IV. excavation category is higher 
by 5.62%, and the share of V. excavation category is higher by 4.85%. In contrast to the Debeli brijeg 
tunnel, in the Podmurvice tunnel (Figure 5), the absence of II. excavation category is evident, which 
was accurately predicted. Compared to the predicted share, the percentage share of III. category is higher 
by 16.88%, the share of IV. category is lower by 28.82%, and the share of V. category is higher by 
11.94% compared to the predicted. 
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Such significant deviations between the predicted and actual categories of rock mass quality, and 
consequently the corresponding types of primary support structures, can be attributed to several key 
factors. The most important factor is the insufficient amount of geotechnical investigation works (GIW), 
which was evidently inadequately optimized during the development of the GIW. This ultimately had 
an undeniable impact on the registered significant differences between the predicted rock mass quality 
and the actual executed quality. Considering the small and insufficient amount of GIW, mainly based 
on exploratory drilling, which provides point data, and taking into account that the underground tunnel 
excavation represents continuous linear data, it is concluded that it is very difficult to accurately predict 
the distribution of excavation categories and types of primary support system along the tunnel route. 
The above examples from practice indicate the crucial role of geological supervision over the 
construction of tunnels. Primarily, the geological supervision compares the predicted and realized 
engineering geological profile, corrects the predicted profile as necessary and informs the chief 
supervising engineer in a timely manner. In situations of significant deviations from the predicted and 
actually executed state, according to personal assessment, the chief supervising engineer informs the 
chief engineer of the construction site and the chief designer. All these efforts aim to ensure the stability 
of the underground excavation. 
 
In the following text, several characteristic photographs of the tunnel faces of "Podmurvice"(Figure 6) 
and "Debeli brijeg"(Figure 7) tunnels are highlighted. These images show registered engineering 
geological occurrences during tunnel construction, which represented weak geotechnical zones (caverns 
with and without soil infill, fault-cavernous zones, zones of rock mass mylonitization at thrust contact, 
etc.). Based on their occurrence, dimensions, and spatial position relative to the tunnel axis, these 
features directly impacted the stability of the underground excavation. However, they were not predicted 
during the investigation or design phase. 
 
The photographs on Figure 6. show significant geologically interesting occurrences that were registered 
during the excavation of the "Podmurvice". Due to the specificity of the environment (urban area) in 
which the underground excavation was conducted, special emphasis was placed on unpredicted 
geological phenomena registered in the chainage interval km 1+732-1+718 (L= 14.00 m) during the 
excavation on the southern (exit) side of the "Podmurvice" tunnel. This manifested on the surface as 
large quantities of sandy material with interlayers of low to high plasticity clay of exceptionally hard 
consistency, yellow in color. Spatially, the sandy material affected the upper half of the tunnel face, 
including the sides of the tunnel and the entire crown (calotte) of the tunnel, as clearly seen in the 
provided images. It is assumed that the registered material continues to extend in the direction of the 
calotte or the surface of the terrain.  In that part of the tunnel, the thickness of the upper layer of the 
tunnel was only 16-17 m, which is close to the width of the tunnel. There are buildings and roads on the 
surface. All together, it represented a demanding and dangerous section, and strict measures had to be 
applied to ensure the stability of the underground excavation. 
 
The excavation progress dynamics in this part were adapted to the actual geological conditions along 
the excavation with a maximum allowed advancement step of 0.50 - 1.00 m, using only an excavation 
hammer or bucket as the most optimal excavation technology, and timely and efficient support of the 
same. The second occurrence was registered during the excavation on the northern (exit) side of the 
same tunnel, in the chainage interval 0+652-0+672 (L=20.00 m), represented by a subvertical cavernous 
zone without fill, 4-5 m wide at the center of the tunnel face. Cavernous zone is spatially extending from 
the center of the excavation profile towards the right side where it ends (km 0+672). 
 
Considering the registered chainage location of the mentioned geological occurrences and the registered 
lithostratigraphic type of material after 'exiting' these occurrences in the direction of excavation 
progress, they are geologically interpreted as parts of the transgressive boundary. On the southern (exit) 
side of the tunnel (km 1+732-1+718) they are interpreted as parts of the transgressive boundary between 
lower cretaceous limestones (K1

3-5) and eocene carbonate breccia (2E), while on the northern (entrance) 
side of the tunnel (km 0+652-0+672) they are interpreted as parts of the transgressive boundary between 
paleogene foraminiferal limestones (3+4Pg) and upper cretaceous (K2

2,3) limestones.  
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The presumed transgressive contact between the Lower Cretaceous and the Eocene  

  

  

  
The presumed transgressive contact between the Upper Cretaceous and the Paleogene -  

  
Figure 6. Tunnel Podmurvice (City of Rijeka) 
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The photographs on Figure 7. show significant engineering-geological occurrences registered during the 
excavation of the "Debeli brijeg" tunnel. Photos are mark by the chainage location.  Photo marked 
11+142 km represent chainage interval from km 11+121 to 11+186 (L=65.00) where is material of the 
fault zone. Photos marked with 11+409 km, and 12+155 km, 12+719,50 km represent six chainage 
intervals from km 11+377.50 to 12+726 where are caverns without fill. Lenght of those intervals are 
varied fom 10 to 40 meters. Photo marked 13+212 km represent chainage interval from km 13+172 to 
13+212 (L=40.00) where is fault-overthrust contact zone – rock mass mylonitization zone. 
 
Considering that all the mentioned materials belong to soil and unfilled caverns for which the RMR 
classification was not applicable, the excavation was automatically classified and executed in the V 
category according to the GTS (general technical specifications for tunnel works). All the mentioned 
engineering-geological occurrences, in the context of the prognosis of poorer rock mass quality, were 
not predicted, which proved to be one of the significant disadvantages in the research phase 
 

 
 

 
 

Figure 7. Tunnel Debeli brijeg (Pelješac peninsula) 
 
6.   Discussion and Conclusion 
 
During the execution of underground tunnel excavation, numerous challenges and difficulties engineers 
may encounter become evident. These issues represent significant challenges for engineers, largely 
attributable to deviations between predicted and actual engineering geological models. These deviations 
are observed in both subject tunnels and are presumably the result of several key factors, including: 

 Insufficient optimization of geotechnical investigation work quantity (GIW program): A limited 
number of boreholes were conducted, which are the most reliable data points along the tunnel 
route. The area between boreholes is partially 'covered' by geophysics, which provides second 
and higher-order data compared to borehole data. Additionally, the quality of geophysical 
survey results depends on the quality of the field measurements and the subsequent 
interpretation. 

11+142 km 11+409 km 

12+155 km 
13+212 km 

216



 

EUROENGEO 2024 4th European Regional Conference of IAEG 
 

 
 Lack of predictive percentage share of rock mass quality categories: The prognostic engineering 

geological profile of the tunnel (report on GIW and engineering geological works) does not 
show the predicted percentage distribution of rock mass quality categories along the tunnel 
routes, which is a crucial conclusion of the geotechnical investigation works (GIW). 

 Actual field conditions (difficult terrain): The inability to access the planned positions of 
boreholes and geophysical profiles with drilling equipment leads to deviations from the main 
tunnel axis. 

 
Considering that tunnels are linear structures, and underground excavation is a continuous linear activity 
while boreholes provide point data, it is challenging in practice to accurately predict the percentage 
distribution of excavation categories and types of primary support structures along the tunnel route. 
Therefore, during the tunnel excavation phase, it is crucial to have the continuous presence of geological 
engineers on-site to monitor the excavation continuously. This ensures the determination of the actual 
engineering geological profile along the tunnel route and timely registration of significant deviations 
from the predicted to the actual state, promptly informing all key participants in the tunnel construction 
process, from the main supervising engineer to the main site engineer and the main designer. This is all 
aimed at ensuring the stability of the underground excavation and ultimately the quality and safety of 
the construction work.  The deviations and their causes observed in the "Podmurvice" and "Debeli 
Brijeg" tunnels serve as practical examples for all future participants (investor, designer, supervisor, and 
contractor) in tunnel construction , aiming for safer and higher quality execution of such projects. 
 
References 
 
Barton, N.R., Lien, R., Lunde, J., Engineering classification of rock masses for the design of tunnel 
support, Rock Mechanics and Rock Engineering. 6 (4). Springer: 189–236. 1974  

Barton, N.R., Grimstad, E., Updating the Q-system for NMT, In Kompen, C.; Opsahl, S.L.; Berg, S.L. 
(eds.). Proc. of the International Symposium on Sprayed Concrete - Modern Use of Wet Mix Sprayed 
Concrete for Underground Support, Fagernes, 1993. 

Bieniawski, Z.T., Engineering Rock Mass Classification, 1989 

EURO-ASFALT d.o.o., Final report on engineering geological mapping of the main tunnel tube of 
tunnel "Podmurvice", 2022 

HGI-CGS, Mainland-Pelješac bridge with access roads on D8 and D414 Engineering Geological 
Investigation Works - basis for the main project, 2007 

IGH d.d., Mainland-Pelješac Bridge with Access Roads on D8 and D414 - Geotechnical Investigation 
Works - Overview of Investigation Works for tunnels, 2016 

IGH d.d., Mainland-Pelješac bridge with access roads on D8 and D414 - Main geotechnical project for 
tunnel "Debeli Brijeg", Sheet G30, 2018 

IGH d.d., State Road D403 from Škurinje junction to port of Rijeka - Geotechnical Investigation Works 
(Engineering Geological Investigation) - basis for the main project, 2011a 

IGH d.d., State Road D403 from Škurinje junction to port of Rijeka- Geotechnical Investigation Works 
(Report on Geotechnical Investigation Works) - basis for the main project, 2011b 

ISRM, Suggested methods for the quantitative description of discontinuities in rock masses, 1978 

Rijekaprojekt d.o.o., State road D403 from Škurinje junction to port of Rijeka - Main geotechnical 
project for tunnel "Podmurvice", Sheet 4, 14-045, 2018 

ZGB Strabag AG/Strabag d.o.o., Final engineering geological report - Main tunnel tube and cross 
connections of tunnel "Debeli Brijeg", GPC-120/2021, 2021 

  

217


