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Abstract. In the present investigation some geological factors of failure and intervention methods are applied in two representative 
monuments from Northern Greece. These examples refer to a) the slope stability analysis of the rock-mass where the Simonos Petra 
Monastery, in Mount Athos is built and b) influence of the groundwater conditions on both the weathering of the frescos and the sta
bility of the Lefkadia Macedonian Tombs inN. Greece. 
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Introduction - geological factors 

The monuments need protection particularly in re
gions like the Mediterranean basin where the seismo
tectonic regime is active and the geomechanical con
ditions are dangerous. The construction of works, as 
a result of urban expansion or tourist exploitation in 
the proximity of historical monuments is also re
sponsible for their deterioration via geomechanical 
failures in the foundation area and the infra-structure 
of the buildings. 

Phenomena like, settlement and slope movements 
as well as earthquakes and tectonic activity contrib
ute to the damage of the historical buildings. The 
ground water activity is also an important factor, es
pecially in cases where monuments are buried in the 
soil or they are founded on steep slopes. The instabil
ities observed at the sites of the Monasteries in 
Mount Athos are related both to the presence of ac
tive faults and the geometry of the tectonic disconti
nuities. On the other hand, the flooding of the Mace
doni an Tombs of Leukadia, in N. Greece, during 
summer, is a good investigation subject having also 
socio-economic extension. 

The description of building stones and degradation 
forms as well as the quantitative determination of 

stone physico-mechanical properties are necessary 
for estimating the deterioration of stones because no 
protection measures can be taken before a detailed 
stone description and classification is done. 

Slope stability analysis 
at the Simonos Petra Monastery 
(Mount Athos) 

The Monastery of Simonos Petra is located on the 
SW coast of Mount Athos, in Northern Greece (fig. 
1 ). Mount Athos Peninsula is an area of great histor
ical and religious interest, where only Monasteries 
for men are built. Administratively, the area belongs 
directly to the Patriarchate of Konstantinople. The 
Monastery was built in around 1257 AD by the 
Blessed Simon. It was burned down several times 
and consequently only the lower parts of the 
construction, close to the rock base are of that age. 
The western part of the present building was built in 
1590 AD while the eastern part was built after the 
fire of 1891 AD (Kadas, 1989). · 

The area where the Monastery is built, consists of 
a typical, coarse grain, dark colour granite, that be
longs to the Serbomacedonian mass (Kockel and 
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Greece - Athos Mountain 

Fig. 1. Location of Simonos Petra Monastery 

Fig. 2. The Simonos Petra Monastery. An important fault of E
W direction is occurred at the western side of the rock-hill 

Mollat, 1977). The material is very compact, durable 
and resistant to the compression. 

The Monastery is built up on an isolated and uplifted 
rock (altitude 305 m), at the S/SW side of the mountain. 
The construction presents a particularity caused to the 
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morphology of the rock-hill. The slopes of this rock are 
steep and the difference of altitude between the lower 
and higher points is more than 90 m (Fig. 1). 

The area is very fractured and is traversed by 
joints of various directions. Many important faults 
cut the area studied in E-W and N-S general direc
tions. From a first point of view, these discontinuities 
can cause unstable geotechnical conditions, especial
ly at the slopes of the construction area. These insta
bility phenomena are related to the neotectonic con
ditions of the broader area. 

A slope stability analysis was performed with the 
determination of important unstable wedge and 
plane failures and the calculation of their factors of 
safety, using both field measurements and laboratory 
tests results (Christaras et al., 1994). Field measure
ments were interpreted statistically and the results 
were plotted in stereographic projections. The inter
sections of joint sets that determine probable wedge 
failures, were defined for representative sites, using 
the tests proposed by Markland (1972), Hocking 
(1976) and Hoek and Bray (1981). Part of our preli
minary data was presented in STR.EMA-93 (Christ
aras et al., 1993), the 7th IAEG Congress in Lisboa 
(Christaras et al., 1994) and the IAEG Congress of 
Athens-97 (Dimitriou et al., 1997). 

The geometry, roughness, water pressure, external 
forces and other characteristics of the discontinuities 
are not the only factors of the instability in the rock 
mass. The tectonic structures determined in the foun
dation area could also affect the foundation rock 
mass (Christaras et al., 1993). In this framework the 
presence of an important neotectonic f~ult or large 
scale joint of SW dip direction (216°/80") distin
guishes two sections in the rock mass at the western 
side of the Monastery; causing damage to the wall of 
the building (Fig. 2). According to our measure
ments, since 1993, a N-S fault that traverse the west
em part of the Monastery presents a creep movement 
of more than 0.01 mrnlyear. This creep rate is not 
important but this opening increases to some milli
metres, each time an earthquake, of Ms>4, in the 
marine area between Mount Athos and Limnos is
land is recorded. Small faults and open fractures also 
affect the southern part of the Monastery. Two im
portant fractures ( 190"/50" and 145°/45°) are ob
served in this side and they can give rise to sliding. 

The rock mass quality was estimated at several 
representative sites, and a geomechanical classifica
tion was performed. 1be results of the data elabora
tion were also used for the construction plotting of 
rock mass quality maps of the foundation area. Ac
cording to these results, the rock mass quality in the 
southern and western slopes of the foundation area is 
very low and of limited stability. causing damage to 
the monument ·(Christaras et al., 1995). In order to 
protect this rockmass a net bolts is necessary to be 
applied, in the sites where the approach is possible. 
Grouting could be used only in the cases where the 



material is very broken and the discontinuities open. 
All the protection techniques have to respect the en
vironment. 

Groundwater activity 
in the Macedonian tombs 
of Lefkadia area 

The Krisis, and Anthemion Macedonian Tombs (Pet
sas, 1966; Alamani, 1995) could give a good exam
ple of ground water influence. These tombs are locat
ed between Kopanos and Lefkadia villages, on the 
national road connecting Naoussa with Skidra and 
Edessa Cities, in Northern Greece (Figs 3, 4). They 
are of the 3rd c. B.C. and contain interesting frescos; 
they are not collapsed but they present important 
damages because of the high humidity conditions 

Fig. 3. Location of the Macedonian Tombs 

Fig. 4. Krisis Tomb. The differential settlement caused fail
ures and displacements on the front wall 

and the differential settlement phenomena that ob
served. 

The damages are related mainly to the groundwa
ter, which, very often covers, the floor of the monu
ments. Differential settlements and humidity are re
lated to the influence of the groundwater in the area. 
The investigation was performed in the framework 
of a project financed by the Ministry of Culture and 
the results were presented in the IVth International 
Symposium on the Conservation of Monuments in 
the Mediterranean Basin, in Rhodes - 1997 (Christ
aras et al., 1997). 

Geologically, the area is located in the western 
part of Almopia zone (Kilias & Moundrakis, 1989). 
The surrounding area of the tombs, consists of recent 
alluvial deposits with fans and te1us cones as well as 
Pleistocene lacustrine and continental deposits, with 
clay, loam, sand, conglomerates and travertine 
(IGME, 1982). 

The absolute thickness of these deposits is diffi
cult to be determined, in the area, but it is estimated 
to about 100 m. The thickness of these deposits in
creases to the East (about 200-300 m). 

Vermio Mountain, located to the west of the 
tombs, is consisted of serpentinite and Upper Creta
ceous : limestones. This mountainous limestone 
masse is considered to be the reservoir of the rivers 
and aquifers of the study area (Athanasias & Soul
ios5). The significant permeability of the soil also 
contributes to the enrichment of the aquifers. 

Three boreholes (depth: 20m, Krisis Tomb: G1, 
G2, Anthemion Tomb: .G3) were constructed, in or
der to investigate the geotechnical and hydrogeolog
ical features of the soil formation (Christaras et al., 
1997). According to the borehole data, the formation 
in which the tombs are buried, consists of alluvial 
deposits with clay, sand, gravel and conglomerates. 
These materials were accumulated in the area by the 
activity of Arapitsa and Siasaki rivers which cross 
the area in very short distance from the tombs. 

The soil materials are generally loose and coarse 
grained, presenting, active porosity and permeabili
ty, that vary from 1 0"2 to 1 o-s mls, depending on the 
grain size distribution of the soil; only in depths 
higher than 15-18 m clay is observed (Christaras et 
al., 1997). The core recovery and the rock quality 
designation (RQD) values also vary regarding to the 
grain size and the cohesion of the soil materials. The 
change of depth of the groundwater level in these 
boreholes, is given in Fig. 5. The foundation levels of 
the tombs are lower than the water table in the area. 

The floors of monuments are found in depths of 
7.8 - 8 m, so, the water overflows them mainly dur
ing summer, causing damages related to a) the weath
ering of the walls and frescos and b) differential set
tlements and instability of the construction (Fig. 4). 
According to the data of Fig. 5, the depth of the 
groundwater table is not constant during the year but 
decreases during summer, when irrigation activities 
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Fig. 5. Depth changes of the groundwater level during the period 
5112/96-5/3/97 

start. During this period a big quantity of surface 
water enrich the aquifer rising the water table. For 
this purpose the main problem of our study is to find 
out a reasonable way to drainage the tombs in order 
to protect them. 

According to the constructed borehole profiles the 
groundwater level in the area is not connected with a 
single aquifer layer. If that was the case, then, de
pending on its depth, the layer could be probably iso
lated in order to protect the tomb monuments. On the 
contrary, the groundwater table in the area is an out
come of different overlaid aquifers, met in various 
depths. 

Considering the above-mentioned facts, the sug
gested solutions should aim to the isolation and wa
ter-resistance of the tombs themselves and must 
reach a depth below the depth of tombs' floor. 

1) Construction of drainage trenches. Accord
ing to this solution, a peripheral drainage trench will 
be excavating around every Macedonian tomb, in or
der to collect the groundwater and carry it to the 
pumping area. From this area, using pumping equip
ment, the water will be shifted to the surface drain
age or irrigation network. The advantage of this 
method is the very limited maintenance cost which 
practically concerns only the pumping equipment, 
while the rest of the construction does not require 
any kind of maintenance. The major disadvantage is 
the high excavation cost for the construction of the 
trenches. 

2) Construction of pumping boreholes. Accord
ing to this solution, a series of boreholes will be 
drilled around every tomb. The use of these bore
holes for pumping out the groundwater, will have as 
a result the decrease of the water level, at least local
ly. The number and the diameter of the boreholes 
must be proportional to the amount of water that 
needs to be pumped out, in order to keep the water 
level below the desired depth (app. 0.5-1 m below 
the depth of the tomb's floor). The great advantage of 
this method, compared to the previous one, is the low 

56 

cost that is needed for the construction of a series of 
small-depth ( 12-15 m) boreholes. On the contrary, 
the disadvantage is the maintenance cost of the bore
holes and the pumping equipment which, combined 
with their large number, it will be much higher than 
the one of the previous proposed method. 

Conclusions 

In the present investigation The Simonos Petra Mon
astery and the Macedonian Tombs of Lefkadia were 
used as representative examples in order to describe 
the geotechnical parameters that is related to the 
damage of the monuments and the choice of the most 
appropriate intervention method. 

In the monastery the field observations and the 
data analysis have shown that the geomechanical and 
general stability problems are mainly due to the ge
ometry and the slip of the discontinuities (large scale 
normal faults, open fractures and closely spaced 
joints). These discontinuities can create rock wedge 
sliding or planar failure in relation to the direction of 
the slopes. These unstable blocks have to be retained 
using bolts or other appropriate methods. 

The investigation of the Macedonian Tombs shown 
that the ground water level increases during summer, as 
result of irrigation activities. The rising aquifer over
flow the floors of the tombs causing damage to both the 
stability of the monument and quality of the frescos. 
According to this investigation the Construction of 
drainage trenches and pumping boreholes were sug
gested in order to face the problem. 
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