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ABSTRACT 
 
Egnatia Odos and its vertical axes is a motorway network designed and constructed in Greece, as part 
of the Pan–European network. One of its vertical axes links the city of Komotini in northern Greece to 
the border with Bulgaria. The alignment goes through mountainous terrain, with steep natural slopes 
and comprises alternating high sidling cuts and fills. The area is underlain mainly by metamorphic 
rocks, such as gneiss, schists, and marbles. The challenges encountered during the design of the high 
cuts included restricted availability of information, necessitating the extrapolation of surface geological 
mapping data and localised site investigation results to the wider excavation surface of the high cuts. 
The application of conservative slope angles was restricted by rigorous environmental terms to limit 
the impact on the environment. Failures occurred during the construction of the high cuts ranging from 
colluvium overburden slips to various size block failures and overall slope failures, requiring re-
profiling, application of stabilisation measures, and even local re-alignment of the road. The 
uncertainties and the residual risks of the design phase are discussed. Lessons from the experience 
are drawn for application to similar situations in the future. 
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1 INTRODUCTION 
 
Egnatia Odos and its vertical axes is a modern motorway network, designed and constructed in 
Greece between the years 1997 – 2009, as part of the Pan – European network (Figure 1). The main 
artery is a 670 km long, high standard dual carriageway, crossing northern Greece from the east to the 
west end. The Egnatia project also involves a road network of 9 Vertical Axes, dual or single carriage 
ways, of a total length of 350 km approximately, that link the main artery with the northern borders of 
Greece. This complex project was managed by the company Egnatia Odos S.A., especially founded 
for that role, based on the experience in other European countries.  
 
The Vertical Axe 75, Komotini – Nymfaia connects the city of Komotini in northern Greece with the 
borders of Greece with Bulgaria (Figure 1). It is 23 km long and designed as a single carriageway, with 
one traffic lane and a hard shoulder per direction. The total paved width is 10.5 m. The alignment was 
designed to mostly follow the terrain, with alternating high cuts and fills. It comprises a total number of 
36 cuts with heights varying from 15 m to over 40 m and 40 embankments of maximum height of 40 m 
approximately.  
 
 
2 GEOMORHOLOGY, GEOLOGY AND SEISMICITY 
 
The alignment is located on the mountain range of Rodopi, which stretches along the northeast 
borders of Greece with Bulgaria. The terrain varies from hilly to mountainous with ground elevations 
from + 120 m up to + 750 m above sea level. The mountain slopes are moderately steep to steep in 
places, with slope angles from 20

o
 to 35

o
, and locally up to 40

o
. The main factors that contributed to 

the development of the rugged terrain are the different phases of tectonism in geological time and the 
erosive action of the water in the incised gullies (Dimaras, 2006). Characteristic views of the 
geomorphology along the project are shown in Figures 2 and 3. The natural slopes were covered from 
thick vegetation and forests. 
 



  
 

Figure 1. Egnatia Odos Motorway and Vertical Axe 75, Komotini - Nymfaia 
 
In terms of geology, the area of the alignment is primarily underlain by the metamorphic rocks of the 
Rodopi unit. The dominating lithologies are gneiss and schist, but marbles, phyllites, limestones, 
ophiolites and volcanic rocks are also present. Almost 80% of the cuts of the project are formed in 
gneiss and schists. These rocks are characterised by high intact rock strengths, especially when fresh, 
but the overall rock mass quality is poor due to the degree of weathering and fracturing. The stability 
of high cuts is governed by the geometry of the numerous defects and shear zones present in the rock 
mass. However, cases of extremely weak rock masses, behaving like soils are common. Colluvium, 
alluvium and residual soils, often of considerable thickness, are present in the gullies, but also on the 
mountain slopes. 
 
The seismicity of different areas throughout Greece is defined by the Seismic Risk Map, as updated in 
2003, which is included in the Greek Code for Seismic Design (EAK, 2000). Based on this map, the 
value of the peak horizontal ground acceleration in the area of the project is 0.16g.  
 
 
3 DESIGN PHILOSOPHY OF THE HIGH CUTS  
 
The designs of the rock cuts were carried out by various consultants, under contracts assigned and 
managed by Egnatia Odos S.A. Some of the challenges related to the design of the high cuts were as 
follows: 

 There was lack of precedent information locally, regarding the performance and most 
appropriate slope angles for high cuts in similar geological formations (Dimaras, 2006). The 
existing local and forest roads comprised of a few shallow cut slopes. Bedrock exposures were 
limited, restricted mainly to the existing shallow cuts. Most of the mountain slopes were covered 
by bush or dense forest. Information and experience was drawn by cuts formed in similar kind of 
formations in other areas of the Egnatia motorway project.  

 The environmental terms dictated a minimum impact on the forest. To comply with these 
requirements and given the steep ground morphology, the cut slopes had to be designed at 
steep angles. Due to both the environmental requirements and the remoteness of the area, the 
cut and fill balance had a significant impact on the project cost.  

 The available funding for the design for the project was limited. Moreover the timeframes for 
tendering the project were very tight; the designs had to be completed in a short period of time.  

 

     
 

Figure 2. View of the steep terrain Figure 3. View of the geology on the 
existing slopes 



 
The time and budget constraints, in combination with access difficulties, had an impact on the extent 
of the geotechnical investigation programme. Intrusive site investigation was carried out in selected 
cuts only and mainly comprised one borehole for each selected cut. The cuts to be investigated were 
primarily selected on the basis of their height; boreholes were undertaken for cuts of a maximum 
height greater than 20 m. Geological mapping was also a key aspect for the selection of the cuts to be 
investigated, in terms of possible presence of soil material and indications of high water table or poor 
quality rock mass.  
 
The rock masses along the project had closely spaced defects, comprising schistosity, multiple joint 
sets and long shear zones, often in-filled with soft soil material (Figure 4). Folding and faulting was 
also intense locally. The geometry of the rock defects was mainly investigated by geological mapping. 
At least 100 defect orientation measurements were collected at the location of each cut, from rock 
exposures along the existing shallow local and forest roads, for statistical analysis with stereonets 
(Dimaras, 2006). Details regarding the characteristics of the defects and the rock mass were 
systematically recorded in the borehole logs. Giannakogiorgos et al (2010) describe some of the 
techniques used to collect the information from the rock core retrieved, including measurement of 
intact rock strength with the geological or the Schmidt hammer, measurement of schistosity and joint 
dip, detailed recording of the degree of weathering of the defect surfaces, measurement of surface 
roughness with profilometers (Barton comb) etc.  
 
The strength of the intact rock was determined by Uniaxial Compressive Strength (UCS) tests and 
Point Load tests. The results of those tests demonstrated the high level of anisotropy that 
characterised the rock mass. A limited number of shear tests was carried out on remoulded samples 
of weak and sheared rock mass (Giannakogiorgos et al, 2010). The rock mass was classified using 
the Geological Strength Index (GSI) classification (Marinos et al, 2005). The parameters of the rock 
mass were determined using the Hoek – Brown (2002) criterion. The shear strength parameters of the 
defects were determined using the Barton – Bandis (1990) criterion, based on the collected field data. 
A limited number of shear strength tests were carried out on natural defects in the borehole logs, 
which were used for comparison and calibration of the parameters derived by the criterion. 
 
The selection of the slope angle of the cuts was based on the stability analyses taking into account the 
project constraints. The stability of the cuts was examined to assess the potential for small to 
moderately sized wedge failures formed by combination of defects; overall slope failure along 
adversely oriented systematic or persistent defects, such as schistosity; and shear zones and failure 
through the rock mass, in case of weak rock masses.  
 
The overall slope angles adopted in the design ranged from 45

o
 (1h: 1v) to 63

o
 (1h: 2v). The geometry 

adopted for the cut slopes was with 4 m wide benches at every 10 to 12 m. The slope angles 
proposed were steep in many rock cuts due to the morphology of the terrain and the project 
restrictions; as a result stabilisation measures were specified for many cuts. Surface drainage 
measures (drainage channels on the benches and cut-off drains) were also adopted. Angles of 33

o
 

were suggested for the soil overburden. However, the exact thickness and extent of the overburden 
along the cuts was in most cases inferred from the limited information available. 
 

 
 

Figure 4. A shear zone within good quality gneiss rock mass, in filled with soft clay 
 



4 PROBLEMS ENCOUNTERED DURING THE CONSTRUCTION OF THE HIGH CUTS 
 
The construction of the Vertical Axe was effected under a separate Construction Contract, assigned 
and managed by Egnatia Odos S.A. The construction should follow the designs prepared by Egnatia 
Odos S.A. for tendering. Instabilities and failures occurred during the construction in some of the cuts, 
ranging from wedge failures at the scale and size of one intermediate slope, easily and quickly 
reinstated, to more significant and larger scale failures requiring more complex reinstatement 
measures and re-design. The latter are discussed in the following sections. 
 
4.1 Circular failures through colluvium overburden and weak rock – Cut No 5 
 

Cut No 5 is a 36 m high cut, formed in gneiss and schist. One borehole was carried out at the location 
of the cut at the design phase. A layer of colluvium of a thickness of 3.0 m overlying poor quality rock 
mass was identified. The design adopted steep overall slope angles for the cut, 63

o
 at each 

intermediate slope for the rock and 33
o
 for the soil overburden, with stabilization measures.  

 
The slope angles were modified during construction, to 45

o
 through the rock, due to observed 

instabilities, and 33
o
 through the soil overburden. The stabilization measures comprised fully grouted 

rock anchors 9 m long, at 3.0 m x 3.0 m spacing, and steel mesh. Two rows of 8 m long sub-horizontal 
drainage holes were constructed at a spacing of 3 m, as well as surficial drainage measures, 
comprising a cut – off drain behind the crest of the slope and lined drainage channels on the benches 
(Figures 5 and 6). 
 
In February 2009, following a period of intense rainfall a moderately sized failure occurred at the top 
bench through the colluvium (Figure 5). The failure gradually propagated uphill, to the upper natural 
slope and downhill to the underlying bench (Figure 6), despite the applied stabilization measures. The 
failure was of a circular type through the colluvium and the weak, weathered and shattered rock mass 
forming the top half of the cut. The factors contributing to the failure were: 

 The unexpected considerable thickness of the colluvium at the top part of the slope and the low 
strength characteristics of the underlying rock mass to a significant depth, forming a weak zone of 
significant thickness. The parameters of the soil overburden at failure, as defined from back 
analysis, were φ = 34

o
 and c = 0 kPa. 

 The increased water pressures developed in the upper part of the slope, due to the increased 
rainfall and the lack of drainage holes.  

 The angle of the top slope was too steep for the material properties when partially saturated, while 
the length and spacing of the anchors at the lower benches were inadequate for the actual rock 
mass quality.  

 
The reinstatement of the slope comprised cleaning of loose material and excavation of the upper part 
of the cut further back at a steeper angle of 45 degrees, to minimize excavations. The steeper top 
slope was stabilized with soil nails, 14 m long at 1.5 m x 1.5 m spacing. At the lower benches the 
length and diameter of the rock anchors was increased to 14.0 m and the spacing of anchors was 
reduced to 1.5 m x 1.5 m. Drainage measures were applied throughout the slope surface. 
 

     

 

Figure 5. The failure initiated at the 
top bench. 

Figure 6. The failure propagated to 
the slopes above and below 



4.2 Failures through combination of defects and shear zone – Cut No 14 -15 
 
Cut No 14 -15, has a maximum height of 45 m and a significant length of about 560 m. It is formed in 
gneiss. The geotechnical investigation in the design phase comprised two boreholes, showing an 
overall fair quality rock mass. The geological mapping identified that the schistosity planes were 
parallel to the orientation of the cut, at an angle of about 45

o
, and described numerous failures at the 

existing shallow cuts of the forest road in this area (Dimaras, 2006). Stabilization measures were 
proposed in the design in order to achieve an overall slope angle of 45

o
 - 48

o
 (intermediate slopes at 

56
o
, Figure 7) and maintain the cut height at acceptable levels. The stabilization measures comprised 

fully grouted anchors in a 76 mm diameter bore, of a length of 6.0 m at 2.0 m x 2.0 m spacing and 
steel mesh. Sub-horizontal drainage holes, 8 m long at 4 m spacing were suggested for each 
intermediate slope. 
 
During the construction of the cut and following a period of heavy rain, a relatively shallow but 
extensive failure was observed on the cut surface, affecting almost the whole height of the cut slope, 
despite the application of the stabilization measures (Figure 8). The failure occurred along the 
combination of a steep shear zone and the schistosity planes, and possibly aided by localized rock 
mass failure. The shear zone had a significant persistence and low shear strength parameters. In the 
back analysis carried out for the design of the mitigation measures, the parameters of the failure plane 
were determined equal to φ = 30

ο
 and c = 2 kPa. The presence of similar shear zones, further behind 

the slope surface was considered possible (Figure 7).  
 
The reinstatement measures comprised flattening of the cut slope angle at an overall angle of 40

o
 

approximately (each intermediate slope at 45
o
). The anchor lengths were increased from 6 m to 12 m 

and the diameter of the bore from 76 mm to 89 mm. The density of the grid and the rest of the 
characteristics of the anchors were maintained as per the original design. Sub horizontal drainage 
holes of lengths of 12 m, were installed at each intermediate slope. 
 

    
 
 
 
 

 
4.3 Deep failures along combined weak rock mass and persistent defects – Cut 19 
 
Cut 19 was a relatively shallow cut, of a total height of 26 m, based on the original design. The natural 
slopes at the area of the cut were gentle, at 25

o 
– 30

o
, approximately. A local road was stretching uphill 

of the proposed cut, at a distance of 90 m from the new road centreline and about 70 m from the crest 
of the cut. The uphill area of the cut was used as farm land. No intrusive geotechnical investigation 
was carried out at the area of the cut and the geological mapping did not identify any issues that could 
possibly affect its stability. 
 
The cut was originally designed at an overall slope angle of 55

o
 (intermediate slope angles at 63

o
) with 

benches and no stabilization measures. A slope angle of 40
o
 was suggested for the overburden soil 

material. During construction numerous small scale failures and displacements were observed on the 

Figure 7. A typical section of the cut 
showing the design proposals and 
the mechanism of failure 

Figure 8. A close view of the failure and 
the persistent shear zone. 



slope surface throughout the cut. The cut slopes were modified to 40 – 45
o
, and stabilization measures 

comprising 8m long rock anchors at 2.0 m x 2.0 m spacing and steel mesh were applied. 
 
In the summer of 2009, tension cracks were observed on the natural ground above the cut, at a 
distance of about 40 m above the crest, 10 m from the existing local road (Figure 9). Significant 
displacement was observed at the top half of the cut, as well as numerous small to moderate scale 
slips and tension cracks throughout the slope surface. The tension cracks were formed above and 
along the slope crest, affecting the cut – off drain, and also at the base of the cut for a considerable 
length (Figures 10 and 11). It appeared that the depth of the slip was significant and was affecting the 
alignment; as a result further excavations were prevented, to further investigate the slip. Site 
investigation was undertaken, comprising geological mapping and five (5) boreholes, spread along the 
whole area of the cut. Inclinometers were installed in two of the boreholes, BH6 and BH4 (Figure 11). 
 
The bulk of the excavated cut comprised moderately weathered schist, highly fractured and sheared. 
Underlying the schist and almost at the base of the cut, was a completely to highly weathered, chloritic 
slate, very weak. The slate was 2 to 3 m thick and locally thicker including a layer of high plasticity 
clay. Two critical geometries of shear zones were mapped; the first within the schist rock mass dipping 
at 56

o
 sub-parallel to the orientation of the slope and the second sub-horizontal, located near the base, 

coinciding with the high plasticity clay layer found in BH4 (Dimaras, 2010, see Figure 11). Competent 
bedrock, consisting of moderately to slightly weathered gneiss, moderately strong, was found at a 
depth well below the new road level (Figure 11). The ground water level was identified at depths of 4.0 
to 6.0 m below the slope surface. 
 
Monitoring of the inclinometers installed in the boreholes showed displacements of 6 mm in a period of 
one month, at depths of 25 m in BH6 and 8 m in BH4, which implied that the failure surface extended 
at a considerable depth below the slope surface, affecting the excavated road level. The inferred 
failure surface dips at 40

o
 in average, at a direction parallel to the slope and possibly coincides with 

the identified steeper shear zones, combined with the sub-horizontal weak and sheared to highly 
plastic clay slate at the base of the cut (Figure 11). The failure surface was inferred to extend to the 
other edge of the new road, below the downstream fill. Based on the back analysis carried out for the 
design of the reinstatement measures, the shear strength parameters defined for the 40

o
 failure 

surface were φ = 26
ο
 and c = 0 kPa and for the slate φ=33

ο
 and c = 5 kPa. 

 
The measures adopted for the reinstatement of the cut and the alignment comprised relocation of the 
new road alignment to the NW, at a stable area, away from the slip. Hence, adequate space was 
provided for the construction of a stabilisation buttress, comprising of reinforced earth and 
conventional fill. The reinforced earth slopes were suggested to be at an angle of 45

o
, while the 

conventional fill at an angle of 33
o
. The cut slopes were re-excavated at an overall angle of 33

o
. 

 

     
 
 

Existing local 
road 

Tension 
crack uphill 
from the cut 

Tension 
cracks at the 
toe 

Figure 9. The tension cracks uphill 
from the slope crest. 

Figure 10. Slips and displacements 
on slope surface, tension cracks at 
the toe of the slope.  



 
 

Figure 11. The mechanism of failure at Cut 19. 
 
 

5 DISCUSSION AND LESSONS LEARNT 
 
The mitigation of the failures that occurred during construction involved re-profiling or / and additional 
stabilization measures, leading to significant delays in the construction program. The overall cost of 
the project was affected. The savings made in the design phase by limiting the extent of the site 
investigation, shortening the design phase and adopting steeper slopes and limited stabilization 
measures were to a degree exceeded.  
 
Geotechnical investigation with one borehole in high and extensive rock cuts, although extremely 
necessary and useful for an initial view of the ground conditions, provided only limited information 
compared to the anisotropy of the rock mass and the scale of the problems encountered in some cuts. 
It is questionable though whether additional geotechnical investigation would be able to identify all the 
issues related to the complex behavior of the rock mass, unless it was carefully planned and targeted 
to the mechanism of failure specifically for each cut. Such a targeted investigation would require 
thorough understanding of the mechanisms of failure, and could be perhaps achieved through more 
stages of design.  
 
The high rock cuts were designed with steep slopes in general, due to the various constraints of the 
project. Stabilization measures were proposed for some of the cuts, because of the steep slopes 
adopted and the uncertainty in the design due to the limited information. Failures occurred after 
stabilization was applied on the cut slopes. This implies that the geological uncertainties and 
consequent sensitivity of the measures were not fully understood in the design phase. A record of 
precedent behavior of similar rock masses in high cuts and of the mechanisms, extent and conditions 
of failures would be informative for the design.  
 
Geological mapping was undoubtedly an invaluable source of information for the design, but its 
limitations need to be realized when used by geotechnical designers. Limitations include lack of 
representative rock mass exposures and limited access, human subjectivity in the collection of 
information, geological interpretation and inferences. Scale of mapping in the design phase is also 
considered an important limiting factor for recording all possible features that could affect the stability 
of cut. An appropriate scale for high cuts could be 1:500 or 1:200, however this is not feasible at the 
phase of design of a 10 – 20 km alignment comprising a number of big cuts, especially when 
representative excavation faces are not available.  
 
During the design phase of the cuts it was realised and clearly stated in all relevant reports that the 
design involved uncertainties. It was pointed out in the design reports that factors like variable degree 
of weathering, undetected adversely oriented defects, thickness and extent of colluvium overburden 
and ground water could significantly influence the stability of the rock cuts and should be closely 
monitored by experienced and specialised personnel during the excavation of the cuts (Geostatiki, 
2006, Dimaras, 2006). Although monitoring was carried out during construction to a certain extent and 



some of the failures were identified at a relatively early stage (e.g. Cut 14), it was not as systematic 
and pro-active as required to prevent most of the failures. 
 
 
6 CONCLUSIONS 
 
The design of high rock cuts, especially in steep mountainous terrains, involves significant 
uncertainties and residual risks. If these risks are not managed properly during both the design and 
construction phases, failures can have considerable implications on the cost and the program of a 
roading project.  
 
In the design phase, the study of precedent cut slopes in similar geological formations is important to 
gain good understanding of the mechanisms, the potential extent of the failures possible to occur, as 
well as the circumstances under which they can occur. Hence, the study of precedent slopes should 
be supplemented by research and study of observed failures including the conditions of failure. A 
carefully planned and targeted site investigation can reduce the level of uncertainty and residual risk in 
high cuts formed in highly anisotropic rock masses and variable ground conditions. This could be 
enabled by more than one stages of investigation and design for the high cuts, following a good 
understanding of the anticipated mechanism of failure. 
 
Based on the authors’ experience in the design and construction of high cuts, the uncertainties and 
residual risks of the design can be reduced by the appropriate geotechnical investigation, but not 
eliminated within reasonable cost. The observational approach during construction could possibly be 
more effective than a detailed and expensive geotechnical investigation program (Brabhaharan, 
1998). High cuts should be monitored and mapped systematically during construction. The results 
should be interpreted by specialized personnel, familiar with the mechanisms assumed in the design. 
The slope angles and the adequacy of stabilization measures of the design should be re-examined 
and modified appropriately during construction.  
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