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Abstract. Vishegrad Fortress is a medieval stronghold located near the town of Kardzhali in the Eastern Rhodope 
Mountains, southern Bulgaria. Perched atop a steep rocky hill overlooking the Arda River, the fortress dates back to 
the Byzantine and Bulgarian medieval periods and served as a strategic military and administrative center. Today, 
it stands as a cultural monument of national importance, attracting visitors for its panoramic views and historical 
significance. However, the fortress’s location also exposes it to a range of geological hazards. The steep terrain, 
fractured rock formations, and regional seismic activity pose risks to both the structural integrity of the fortress 
and the safety of visitors. Assessing these hazards is essential for preserving the site and planning sustainable tour-
ism and conservation efforts. This article presents the results of the geological hazard assessment at the Vishegrad 
Fortress obtained through engineering-geological mapping, field surveys and research of bedrock indicators.
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Introduction

The Vishegrad Fortress is situated on a rocky peak 
above the right bank of the Arda River, near the 
present-day village of Vishegrad, Kardzhali Mu-
nicipality. According to archaeological research, 
the fortress functioned in two main periods – late 
Roman and medieval. The fortress was inhabited 
from the 12th–13th centuries (Kuyumdzhiev, 1979; 
Balkanski, 1986; Georgieva, 2012; Ovcharov et al., 
2022). The fortress occupies an area of 0.56  de-
cares. It surrounds the rock peak on all sides, al-
though from the north the rock massif is steep. Its 
southern wall has a preserved length of 75 m and 
a height of up to 7 m. The walls have a maximum 
thickness of 1.75 m (Kuyumdzhiev, 1979). Two 
rectangular towers were built in the protected area. 

This is a characteristic feature of the fortress con-
struction of the period. A reservoir is dug into the 
base of one of the towers. The site was studied from 
1971 to 1974. Among the archaeological materials 
and structures discovered during the excavations, 
those from the 12th–13th centuries predominate 
(Kuyumdzhiev, 1979).

Vishegrad Fortress is an important part of the 
medieval fortification construction in the Rhodope 
Mountains. Its strategic location in the Arda River 
valley makes it a key element of the defense system 
of the region.

The steep rocky terrain on which the fortress is 
built makes it vulnerable to geological hazards such 
as rockfalls, landslides, weathering and erosion 
(Krastanov et al., 2024, 2025). The terrain is frag-
mented, fractured and heavily cracked. This allows 
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atmospheric water to penetrate to great depths dur-
ing rain and snowmelt. When these waters freeze 
and expand, they lead to increasingly prolonged 
weathering. Weathering is related to erosion and 
together they lead to the continuous degradation of 
rock surfaces and threaten the structural integrity of 
the foundation and fortress walls (Nikolova et al., 
2023, 2024a, 2024b). Rockfalls and landslides are a 
major risk on steep slopes, especially during rainfall 
or earthquakes (Ivanov, 2016; Varbanov, Hristov, 
2020; Ivanov, Ivanova, 2023; Berov et al., 2025). 
Seismic activity also contributes to the periodic de-
velopment of cracks in the terrain and the earthen 
bedrock on which the fortress is built. Although 
moderate, earthquakes in the region can destabilize 
the slopes and accelerate their deterioration. Remote 
sensing and geographic information systems are es-
sential in the research and assessment of geologi-
cal risk for rock cultural heritage sites (Atanasova, 
Nikolov, 2019; Nikolova, Kamburov, 2022; Yang 
et al., 2023; Papaioannou et al., 2025).

The aim of the study is to assess the geologi-
cal hazards affecting this rock cultural monument. 
Engineering-geological mapping and geophysical 

surveyswere carried out, and rock samples were ex-
amined for the assessment of the rock massif.

Geological Setting

The region is part of the Eastern Rhodope volcanic 
complex – Nanovitsa volcanic complex, composed 
primarily of Paleogene basic and intermediate 
volcanic rocks, as in some cases intertonguing of 
basic to intermediate products with acid ones is 
observed. These rocks are often highly weathered 
and fractured, contributing to slope instability and 
susceptibility to erosion.

The following geological formations are ob-
served in the studied area (Fig.  1) (Sarov et al., 
2007; Yordanov et al., 2008):

Alluvial deposits of the floodplain terraces 
(aQp) – gravels, sands, clays from the river terrace 
of the Arda River.

Limestone-pyroclastic formation (1CfOl1) – 
mainly massive to thick-bedded, varied acid py-
roclastites, thin- to medium-bedded ash fall tuffs; 
organogenic (reef) limestones.

Fig. 1. Geological map of the study area: 1 – Alluvial deposits on the floodplain terraces – gravel, sand, clay (aQp); 2 – Lime-
stone-pyroclastic formation (1CfOl1) – various acidic tuffs; 3 – Limestone-pyroclastic formation (1CfOl1) – Organogenic (reef) 
limestones; 4 – Basic to intermediate volcanics (4RaαOl1) – andesitobasalts, andesites and latites; 5 – Package of the agglomer-
ate (2RaOl1) – bomb-block intermediate agglomerates, interbedded at different levels with, ash tuffs, tuffites, and epiclastites;  
6 – Tuff-tuffite package (1RaOl1) – sandstones, marls, medium-acid tuffs and tuffites with epiclastic fragments of andesites and latites;  
7 – main road; 8 – road; 9 – pathway; 10 – power line; 11 – steep scarp.
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Basic to intermediate volcanics (4RaαOl1)  – 
black finely to medium porphyritic basaltic an-
desites, andesites, and latites building up mainly 
lava flows.

Package of the agglomerate (2RaOl1)–predomi-
nantly bomb-block intermediate agglomerates, in-
terbedded at different levels with, ash tuffs, tuffites, 
and epiclastites.

Tuff-tuffite package (1RaOl1): brownish tuf-
faceous sandstones, marls, intermediate tuffs and 
tuffites containing fragments from intermediate 
volcanites.

The fortress is built directly onto the bedrock 
(Fig. 1), with medieval walls and towers anchored 
into the natural rock formations. These are a pri-
mary informal non layered lithostratigraphic unit 
from the volume of the Rabovo volcanic subcom-
plex (Sarov et al., 2007; Yordanov et al., 2008). 
The unit is built up of black finely to medium por-
phyritic basaltic andesites, andesites, and latites 
building up mainly lava flows. The rocks are 
greygreen to black, with massive structure. The 
basaltic andesites from the vicinity of Vishegrad 
village are massive, black to greyblack, contain-
ing ortho- and clinopyroxenes, as the plagioclase 
is represented by labradorite. The thickness of the 
lava flows does not exceed 50 m.

According to the tectonic scheme (Sarov et al., 
2007; Yordanov et al., 2008), the studied area is 
part of the East Rhodopes complex depression. The 
area of the Vishegrad Fortress falls into the Mom-
chilgrad structural-tectonic zone – North-East sub-
zone – Gruevo zone.

The North-East subzone has a total length of 38 
km, covering the area between the Kardzhali fault 
from the north and the western imaginary continua-
tion of the Momchilgrad-Dzhankovo cryptorupture 
from the south. In this part it is about 13 km wide.

The Gruevo zone where the fortress falls, is 
characterized by the current presence of sediments 

and pyroclastics related with the incipient (Rabovo) 
stage from the evolution of the Nanovitsa volcano.

Methodology

To make an assessment of the rock massif in the 
area of Vishegrad Fortress, we chose to apply the 
following methods.

Engineering geological mapping

Engineering and geological mapping has been carried 
out on the territory of the Vishegrad Fortress (Fig. 2a). 
A drone was used for inaccessible places (Fig. 2b). 
The crack systems in the massif and the roughness of 
the cracks were measured with a profilometer, 15.0 cm 
long (Hoek, 2016). The surface of the discontinuities is 
described on a medium-scale (several centimeters) ob-
servation scale, which is divided into planar, stepped 
or undulating (EN ISO 14689).

At some places, the rock quality designation 
(RQD) index was determined by measuring the dis-
tance between cracks on rock slopes. A medium-
weight Deflectometer Terratest 8000 was used to 
determine the dynamic deformation modulus in 
field conditions.

Schmidt hammer (model Silver Schmidt Type 
BL with an impact energy of 0.735 N) was used 
in the field study to determine the compressive 
strength of rock types.

The tests were conducted on natural rock outcrops 
according to ISRM (Brown, 1981). Nine values were 
measured for each point and the average recorded as 
the final value. It is assumed that this minimizes the 
negative impact on the studied surface.

Samples were taken from each point of the field 
tests (Fig. 3) for laboratory tests of physical and 
strength parameters.

Fig. 2. Vishegrad Fortress: a, the bedrock of andesite-basalts; b, a drone photo of the rock massif and the fortress.
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Laboratory tests

Some physical and mechanical parameters of the 
studied rocks were determined under BDS EN (Bul-
garian Standard European Norms):

– Geotechnical investigation and testing – iden-
tification, description and classification of rock (EN 
ISO 14689);

– Natural stone test methods – determination of 
water absorption at atmospheric pressure (BDS EN 
13755);

– Natural stone test methods – determination 
of uniaxial compressive strength (UCS) (BDS EN 
1926);

– Particle density (CEN ISO/TS 17892-3);
– Standard test method for determination of the 

point load strength index of rock (ASTM D 5731 – 08).
For the purposes of this study, the point load test 

(PLT) was carried out, using the method of testing 
irregularly shaped bodies that meet the requirements 
specified in the standard, and the corrected point 
load index value Is50 was calculated. The specimens 
were tested in water-saturated state.

The present study includes the above-mentioned 
methods and tests necessary for evaluating the geo-
technical condition of the massif and its collapse po-
tential indicators, such as rock mass rating (RMR) 
(Bieniawski, 1989) and geological strength index 
(GSI) (Hoek et al., 1998; Varbanov and Hristov, 
2020). For the purposes of this study, these indica-
tors were determined.

Results

During fieldwork, the spatial parameters of identi-
fied joint systems were measured using a geological 
compass at seven points, shown in Fig. 3. In total, 
28 measurements were taken and presented via a 
contour diagram in Fig. 4, showing their poles.

Fig. 3. Map of the factual material in the area of Vishegrad Fortress: 1 – Test point TP1; 2 – Rockfall; 3 – Horizontal.

Fig. 4. Contour diagram with equal-density (stereographic pro-
jections) of the joint poles at Vishegrad Fortress.
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Three main joint systems were identified from 
the processing of these joints. Their spatial orienta-
tion elements are presented in Table 1.

Based on these spatially oriented joint systems, 
a geostructural model of fracturing was developed, 
shown in Fig. 5.

Laboratory rock samples were taken for testing, 
with 54 specimens of andesite-basalt analyzed for 
physical properties. Of these, 28 samples were tested 
for uniaxial compressive strength (UCS) in water-
saturated state (WS), and 26 in air-dry state (DS). 
Most of which were tested on a point load press, only 
5 of which were tested on a compression press in the 
form of cubes with sides of about 5 cm. Their phys-
ical-mechanical properties are presented in Table 2.

The highest UCS value was 318.1 MPa on a cu-
bic sample. The minimum values were obtained for 
specimens that broke on weathered joint surfaces. 
The large range of water absorption capacity rang-
ing from 0.14 to 2.03% is due to the different degree 
of weathering of the different specimens. Field UCS 
was measured using a Schmidt hammer, with values 
between 32 and 53 MPa, representing the strength 
of joint walls.

In the field studies, a deflectometer was used at 
7 points to determine the dynamic deflection modu-
lus. The location of the tests is given in Fig. 3, and 
the results are presented in Table 3.

The obtained dynamic modulus values can be 
divided into 2 groups, the first including 4 measure-
ments with values up to 190 MPa and the second 
group including 3 of the measurements with num-
bers 1, 5 and 7, which have values around and above 
200 MPa.

At some of the test points, the surface roughness 
was assessed. For a more complete description, the 
wavelength and amplitude of the larger-scale fea-
tures were used. The results of the assessment are 
shown in Fig. 6.

Table 1. Spatial (Stereographic) parameters of representative 
joint systems (plane)

Joint systems/plane

Spatial/Stereographic 
parameters

Dip direction Dip

α, [°] Ψ, [°]

А 352 9

B 323 80

C 197 19

Fig. 5. Geostructural model of fracturing in the andesite-basalt 
rocks of Vishegrad Fortress. A-A – horizontal projection of 
joint system/plane A; B-B – horizontal projection of joint sys-
tem/plane B; C-C – horizontal projection of joint system/plane 
C; IAB – projection of intersection between joint system/plane 
A and B; IAC – projection of intersection between joint sys-
tem/plane A and C; IBC – projection of intersection between 
joint system/plane B and C.

Table 2. Physical and mechanical properties of the andesite-basalt samples from Vishegrad

Properties Density-ρ
Particle 

density –  
ρs

Absorption 
of water at 

atmospheric 
pressure

Uniaxial 
Compressive 

Strength-UCS – 
Dry state 

Uniaxial 
Compressive 

Strength-UCS – 
Water-saturated 

state 

Uniaxial 
Compressive 

Strength-UCS –  
Schmidt’s 
hammer

Value g/cm3 g/cm3 % MPa MPa MPa

average 2.65 2.73 0.47 125.3 123.6 38.8

maximal 2.70 2.75 2.03 318.1 235.2 53.0

minimal 2.52 2.70 0.14 22.9 22.1 32.0
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Table 3. Results of Dynamic Plate Load Test

Test point № 1 2 3 4 5 6 7

Dynamic deflection 
modulus – Evd, MPa 211.6 137.6 155.2 183.7 201.5 136.5 214.6

Fig. 6. Measurements of the roughness of the crack systems the rock massif of andesite-basalt.

In 6 of the 7 survey points, mapping of the dis-
tances between the joints and field determination 
of the RQD indicator was carried out, the values of 
which and the compressive strength determined in 
laboratory and field conditions were used to char-
acterize the rock massif according to 2 of the most 
widespread geotechnical classifications RMR – 
Rock Rass Rating and GSI – Geological Strength 
Index of the andesite-basalts from the Vishegrad 

Fortress. The following indicators are used to deter-
mine the geotechnical classification RMR: Uniaxial 
compressive strength – UCS; Rock quality designa-
tion index – RQD; Spacing of discontinuities; Con-
dition of discontinuities; Ground water and Orienta-
tion of discontinuities. The values are presented in 
Table 4a, b.

For test points 1, 2 and 4, the compressive 
strength values obtained in laboratory conditions in 
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Tablе 4a. Geotechnical characteristics of the rock massif for test point 1 and 2

Test point №

RMR and GSI

Test point 1 Test point 2

UCS (WS)-
Point load and 
Press breaking

UCS (DS)-
Point load and 
Press breaking

UCS-
Schmidt’s 
hammer

UCS (WS)-
Point load and 
Press breaking

UCS (DS)-
Point load and 
Press breaking

UCS-
Schmidt’s 
hammer

Rating by RMR 
for general 
(foundation) 
conditions

48÷72 48÷75 50÷64 43÷72 43÷75 45÷67
65 65 62 61 61 58

Class by RMR 
for general 
(foundation) 
conditions

II to III II to III II to III II to III II to III III to II

Description by 
RMR for general 
(foundation) 
conditions

good to fair 
rock

good to fair 
rock

good to fir 
rock

good to fair 
rock

good to fair 
rock

fair to good 
rock

Rating by 
RMR for slope 
conditions

30÷54 30÷57 32÷46 25÷54 25÷57 27÷49
47 47 44 43 43 40

Class by RMR for 
slope conditions III to IV III to IV III to IV III to IV III to IV IV to III

Description by 
RMR for slope 
conditions

fair to poor 
rock

fair to poor 
rock

fair to poor 
rock

fair to poor 
rock

fair to poor 
rock

poor to fair 
rock

Classification of 
rock masiv by 
GSI for general 
(foundation) 
conditions

43÷67 43÷70 45÷59 38÷67 38÷70 40÷62
60 60 57 56 56 53

Classification of 
rock masiv by 
GSI for slope 
conditions

25÷49 25÷52 27÷41 20÷49 20÷52 22÷44
42 42 39 38 38 35

General 
at 
D=0.8

c, MPa 0.828÷15.016 0.858÷21.684 1.258÷2.151 0.729÷15.016 0.756÷21.684 1.216÷3.039
6.752 6.829 1.844 6.194 6.265 2.100

ϕ, deg 24.9÷36.8 24.9÷36.9 25.9÷32.9 22.6÷36.8 22.6÷38.3 23.5÷34.3
33.3 34.3 31.8 31.3 31.3 29.8

E, MPa 531.3÷23799.3 531.3÷23799.4 863.5÷2573.4 407.4÷23799.3 422.2÷37256.2 714.3÷4077.0
8399.9 8400.9 2036.2 6566.9 6641.7 1968.0

Slope to 
10 m  
and γn =  
26.5 
kN/m3  
at 
D=0.8

c, MPa 0.056÷0.472 0.056÷0.473 0.069÷0.119 0.045÷0.472 0.046÷0.738 0.059÷0.150
0.212 0.212 0.107 0.179 0.18 0.103

ϕ, deg 40.3÷66.0 40.3÷66.1 44.4÷53.7 36.7÷66.0 36.9÷67.6 41.5÷56.8
60.8 61.8 52.0 59.2 59.3 51.4

E, MPa 249.7÷8090.0 249.7÷8090.1 382.3÷861.0 223.33÷8090.0 231.4÷13206.4 368.2÷1349.2
2793.8 2794.8 693.9 2265.8 2291.6 713.3
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Tablе 4b. Geotechnical characteristics of the rock massif for test point 4, 5, 6 and 7

Test point №

RMR and GSI

Test point 4 Test point 5 Test point 6 Test point 7

UCS (WS)-
Point load and 
Press breaking

UCS (DS)-Point 
load and Press 

breaking

UCS-
Schmidt’s 
hammer

UCS-
Schmidt’s 
hammer

UCS-
Schmidt’s 
hammer

UCS-
Schmidt’s 
hammer

Rating by RMR for 
general (foundation) 
conditions

48÷68 48÷71 40÷60 44÷49 35÷40 40÷43
61 61 58 47 35 43

Class by RMR for 
general (foundation) 
conditions

II to III II to III IV, III to II III IV III to IV

Description by 
RMR for general 
(foundation) 
conditions

good to fair 
rock

good to fair 
rock

poor, fair to 
good rock fair rock poor rock fair to poor 

rock

Rating by RMR for 
slope conditions

30÷50 30÷53 22÷42 26÷31 17÷22 22÷25
43 43 40 29 17 25

Class by RMR for 
slope conditions III to IV III to IV IV to III IV V to IV IV

Description by RMR 
for slope conditions

fair to poor 
rock fair to poor rock poor to fair 

rock poor rock very poor to 
poor rock poor rock

Classification of 
rock masiv by 
GSI for general 
(foundation) 
conditions

43÷63 43÷66 35÷55 39÷44 30÷35 35÷38
56 56 53 42 30 38

Classification of 
rock masiv by GSI 
for slope conditions

25÷45 25÷48 17÷37 21÷26 12÷17 17÷20
38 38 35 24 12 20

General at 
D=0.8 

c, MPa 0.828÷13.779 0.858÷19.875 1.004÷1.726 1.338÷1.516 0.958÷1.110 1.384÷1.501
6.194 6.265 1.614 1.444 0.958 1.501

ϕ, deg 24.9÷34.8 24.9÷36.3 21.2÷30.8 23.1÷25.4 19.0÷21.2 21.2÷22.6
31.3 31.3 29.8 24.5 19 22.6

E, MPa 531.3-19163.1 550.5-30556.9 528.9÷1756.3 765.6÷1005.5 480.3÷585.0 729.3÷838.8
6566.9 6641.7 1512.5 897.9 480.3 838.8

Slope to 
10 m and 
γn=26.5 
kN/m3 at 
D=0.8 

c, MPa 0.056-0.370 0.057-0.560 0.045÷0.100 0.059÷0.072 0.035÷0.047 0.051÷0.059
0.179 0.18 0.093 0.067 0.035 0.059

ϕ, deg 40.3÷64.9 40.6÷66.9 37.0÷50.8 41.6÷45.2 32.8÷37.7 39.2÷41.8
59.2 59.3 49.6 43.8 32.8 41.8

E, MPa
249.7÷6347.0 258.8÷10285.7 317.0÷614.8 407.0÷458.6 329.3÷350.6 437.1÷459.8

2265.8 2291.6 548.2 435.2 329.3 459.8
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air-dry and water-saturated state and the Schmidt 
hammer were used, while for test points 5, 6 and 7, 
the compressive strength values obtained from the 
Schmidt hammer were used.

The rock mass is described as good rock – class 
II under general (foundation) conditions for the 
average and maximum values of the individual in-
dicators, while at the minimum values it is deter-
mined as fair rock – class III for test points 1, 2 and 
4. At these points, the roughness indicator of the 
rock mass surface is defined as undulating smooth 
to stepped rough. While in the studied points 5, 

6 and 7 the RMR values were obtained using the 
compressive strength obtained by the Schmidt’s 
hammer. The massif in these cases is characterized 
as fair rock – class III for the maximum and aver-
age values, while at the minimum values it reaches 
poor rock – class IV. The roughness of the surface 
of the massif is defined as planar rough to stepped 
smooth.

In the conditions of the slope, which in the cal-
culations for the strength and deformation indica-
tors is assumed to be 10 m high, the rock massif is 
determined to be fair rock – class III for the average 

Fig. 7. Correlation between Evd (Dynamic deflection modulus) and E (by Hoek-Brown): а, minimal E for general (foundation) 
conditions in range 400 to 550 MPa; b, minimal E for slope conditions in range 220 to 370 MPa; c, minimal E for general (foun-
dation) conditions in range 530 to 870 MPa; d, minimal E for slope conditions in range 250 to 440 MPa; e, average E for general 
(foundation) conditions in range 1500 to 8500 MPa; f, average E for slope conditions in range 550 to 2800 MPa.
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and maximum values of the indicators, and for the 
minimum poor rock – class IV for 1, 2 and 4 studied 
points, while for studied points 5, 6 and 7 the rock 
massif is determined to be poor rock – class IV for 
the maximum and average values. For the minimum 
and average values only for studied point 6 the mas-
sif is classified as very poor rock – class V.

Variations in cohesion (c) and deformation modu-
lus (E) relate to large Uniaxial Compressive Strength 
(UCS) differences. Cohesion ranges from 0.828 to 
21.684 MPa (general “foundation” conditions), while 
E ranges from 407.4 to 37256.4 MPa. For slope con-
ditions, cohesion varies from 0.045 to 0.738  MPa, 
and E from 231.4 to 13206.4 MPa. Internal friction 
angle (φ) varies 21.2–36.9° general (foundation) con-
ditions and 32.8–67.6° slope conditions.

When summarizing the results, dependencies 
were established between the dynamic deflection 
modulus and the deformation modulus obtained 
by Hoek-Brown. The obtained dependencies have 
a coefficient of determination, the values of which 
define the functional relationships as high and very 
high (Fig. 7).

A correlation relationship has been determined 
between Dynamic deflection modulus and UCS – 
Schmidt’s hammer, which is shown in Fig. 8.

Conclusion

The main objective of this investigation is preserv-
ing cultural heritage through geological risk man-
agement. Vishegrad Fortress stands not only as a 
testament to Bulgarian medieval history but also as 

a symbol of cultural resilience in the face of natu-
ral forces. Its dramatic location atop the rugged ter-
rain of the Eastern Rhodopes offers breathtaking 
views and historical intrigue, but also exposes it 
to significant geological hazards. This assessment 
has identified key risks including rockfalls, erosion, 
and seismic activity, all of which threaten the struc-
tural integrity of the fortress and the safety of its 
visitors. Through targeted conservation strategies 
such as slope stabilization, hazard monitoring, and 
controlled access these risks can be mitigated effec-
tively.

For this reason, an attempt has been made to 
establish correlations between the individual field 
methods for qualitative assessment of the studied 
massif. The methods used are non-destructive and 
gentle on the studied rock surface. It can be con-
cluded that the obtained dependencies between the 
dynamic deformation modulus from the deflec-
tometer and the deformation modulus obtained by 
Hoek-Brown, as well as UCS – Schmidt’s ham-
mer have a correlation coefficient indicating the 
strength and direction of the linear relationship 
between these variables with a value close to 1. 
This gives a reason to continue to search for an 
even closer relationship between these parameters, 
while at the same time expanding the number of 
correlated parameters.

Preserving Vishegrad Fortress is more than a 
technical challenge; it is a cultural imperative. By 
safeguarding this monument, we protect a vital link 
to the past and ensure that future generations can 
continue to explore, learn from, and be inspired by 
its legacy.

Fig. 8. Correlation between Evd (Dynamic deflection modulus) and UCS – Schmidt’s hammer.
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