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SUM4ARY In this paper a short outline is given of the geotechnical and morphological situation of
the site where most old towns in Northern Latium were built. The influence of anthropic factors on 
the rate of evolution of stability is discussed. Conclusions are drawn as tp the principles to be 
complied with when choosing remedial measures capable of effectivly protecting the environment.

INTRODUCTION

Protection from erosion and landsliding involves 
a number of extremely intricate and exacting im

plications especially when dealing with an urban 
environment because here there are very complex 
"systems" that, besides being in constant evolu
tion, are also interrelated and interacting; 
on one hand there is the "natural physical" en
vironment characterized by specific morphologic

al and geotechnical properties and by particular 
climatic characteristics; on the other we have 
the"artificial" or man-made environment, which 
consists of all the buildings and the urban struc
tures, and finally there is the community of 
living beings with all their demands for survival 
and their social, economic and cultural relation

ships .
The complexity of each system and of their in

teractions, which undergo continuous changes and 
which become more intricate with time, makes it 
extremely difficult to forecast the long-term 
effects of such interactions on the physical en

vironment; on the contrary, short-term consequen

ces of each man-made structure, that are often 
only of local interest, are generally properly 
evaluated and well weighted during the planning 

and constructive stages.

As regards ancient towns, the issue is all the 
more complex because within the global system the 
anthropic factors and the long period during 
which they acted take on particular importance, 
and, as will be shown later for sane towns in 
Central Italy, the specific morphologic and geo
technical conditions of the locality where the 
town rises are of great importance.

Demographic expansion, the rapid development of 
urbanization and industrial progress during this 
century have brought about a huge increase in the 

need for areas in which old towns could expand. 
Thus use was made and is still being made of 
areas previously labelled as being unsafe and in-' 
sufficiently stable and this has worsened the 
conditions of such areas. This has therefore en
hanced the liability to natural disasters, or it 

has caused deterioration of the physical environ

ment and of the man-made structures built during 
the past.

This being the situation, the environment can be

successfully protected only after having care

fully and exhaustively analysed all the factors 
that interact within the global system, so as to 
identify the cause and effect relationships of 
the observed events. This is the only way to 
proceed in order to be able to set up a "model" 
capable, within certain limits, to simulate the 
evolution of the system and to be able to take 
practical and successful measures.

In the following, a short outline.of a situation 

which is typical of an extensive part of Central 
Italy points out the complexity of these situa

tions and leads to some general conclusions on 
the principles that should be complied with 
when planning practical measures for the protect 
ion of the environment.

SOME PROBLEMS OF ENVIRONMENT PROTECTION IN NORTH 

ERN LATIUM (ITALY)

In Northern Latium, part of which includes the 
area where ancient Etruria once rose, most of 
the towns have grown from ancient Etruscan cen

tres that not only survived but also expanded 
throughout the Roman and Medieval periods.

Many of these towns rise on isolated flat-top

ped hills cut off on all sides by steep escarp

ments, that at the time of the foundation of the 
towns acted as a valid natural defence against 
enemy attacks. However this geomorphological 
characteristic is also an active factor in deve
loping landslides according to the specific geo

logical situation, to the intrinsic character

istics of each geological formation and their be 
haviour and response to the action of weathering 
agents and therefore to the geomorphological 
evolution of the area.

The upper part of these hills consists of compe

tent rock for a few tens of metres (mostly vol

canic tuff, but also lava and travertine) where

as the lower part of the slope consists of clays 
of the Plio-Pleistocene age.

Depending on their nature and their intrinsic 
characteristics, the mechanical strength of the
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competent rocks proves to be highly variable.

For example, uniaxial compression strength reach 
es values of 2-3 MPa for seme tuffs, of 30 MPa 
for others and even higher values for the lavas. 
The Plio-Pleistocene clays are more or less over 
consolidated and fissured and their mechanical 

strength values are quite high (cu is equal to 
about 1-2 MPa).

The clay slopes which are usually relatively 
steep undergo constant evolution because of :

- successive rotational slides
- creep phenomena of varying intensity

- earthflows (locally)

The evolution of the lower portion of the slope 

determines the instability of the high face in 
the competent rock. In this manner "slices" and 
large portions of rock gradually detach from the 
parent mass and subsequently collapse so that 
the brow of the cliff gradually recedes;the face 
however tends to be constantly vertical also be
cause systems of subvertical fractures are pre

sent near the face. Among the factors that in

fluence the stability conditions, it should be 
pointed out that the rock plateau represents a 
reservoir that regulates the flow of rain water, 
thus reducing the surface flows and increasing 
the quantity of water that can penetrate into 
the subsoil; this can help keeping the piezome

tric surface averagely higher.

Besides,the presence of a high vertical face in

duces considerable shear stresses and causes re
latively high viscoplastic shear deformations in 
the underlying clay formation. As a consequence 
high tensile stresses are induced in the over- 
lying rock mass which cause vertical jointing 
and separation of marginal portions of the cliff 
Sometimes these are subject to slight tilting and 
sinking in the underlying clay formation.

All the above mentioned instability phenomena 

are essentially due to the natural evolution of 
this type of landscape and they virtually cannot 
be stopped in the long term. However man's act

ion has in some cases modified the rate of this 
evolution.

Amongst the aggravating factors the most common 
ones are the followings: the excavation of caves 

and tunnels in the tuffs, the construction of 
buildings on the border of the cliff and, espe

cially changes in the hydrogeological situation, 
brought about by the greater availability of 

water for the expanding towns; indeed these cau
ses an increase in the quantity of the infiltra

tions water from leaks in the aqueducts and 
sewers and frcm the discharge of waste water 
along the slopes of the hills.

Among the man-made measures that may have slowed 

down the evolution rate of the slope, the follow 
ing can be recalled: protection works to support 
rock cliffs; works aiming at regulating and con

trolling the surface waters running along the clay 
slopes and preservation works constantly set

up by individual farmers.

Out of all the towns in the investigated area 
that must face serious problems in terms of en
vironment protection, one of the most dramatic 

examples is Civita di Bagnoregio (Fig.l) that is 
now considered to be a dying town, whereas the 
most renowned and investigated case is that of 
Orvieto (Fig.2)

Fig.3 shows the current landslides as well as 

traces of the most ancient ones along the clay 
slope and on the tuffaceous cliff of the Orvie
to Hill; anthropic factors that are to account

Fig. 1 - Aerophotograph of Civita di Bagnoregio, 
the dying town. Forefront: the old town perched 
on a small tuffaceous butte that is gradually 
being destroyed by the slides. Back left: the 
marginal cliff of the tuffaceous plateau and the 
underlying clay slope.Back rigth: developing gul

lies where the tuffaceous cover has been totally 
eroded.

Fig. 2 - View of the Orvieto Hill

for or that contribute to the initiation of in

stability phenomena (caves, water leaking, dis

charge of waste waters from the brow of the slo

pe) are also pointed out.

On the basis of the observations made and of the 
stability analyses carried out (Manfredini et al .,
19 80), the most serious failures of the Orvieto 

cliff are a consequence of the deformation or 
failure of the clays underlying the tuffaceous 

plateau.

The typical landslide movements in clay slopes 

are rotational slides that affect not only the 
debris cover but also the superficial softened 
part of the clay formation. In fact the cohesion 
of the softened clay is lower than that of the 
stiff underlying clay (20 kPa against about 100 
kPa). The slope evolves through successive slides
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Fig. 3 - Map of the Orvieto Hill. 1) Slides debris and talus material, rubble; 2) alluvium; 3) tra
vertine; 4) volcanic "tuff"; 5) fluvial and lacustrine sediments; 6) Pliocene clay; 7)cross-section; 
8) recent slide; 9) ancient slide; 10) serious failures in the cliff slope; 11) tilting and sinking 
of the marginal rock portion; 12) slide terraces in the clay slopes; 13) caves and tunnels in the 
upper part of the tuffaceous cliff; 14) caves and tunnels in the lower part of the tuffaceous cliff; 
15) waste water discharges from the top of the cliff and sewer leaks; 16) springs; 17) boreholes.

located in different areas but which virtually 
affect the entire hill,if a sufficiently long 
period is considered.

The instability phenomena affecting the border 
of the tuffaceous plateau (vertical jointing, 
tilting and sinking of the marginal rock por
tions) are similar to those previously described 

for general situations (Fig.2) . Events linked to 
the collapse of underground escavations in the

tuffs are of local interest only.

A close look at Fig.3 will show the correlation 
between the distribution of slides in the clays 
and the main instability phenomena at the border 
of the cliff; there is also a close relation

ship between the position of the most recent 
slides in the clays and the position of the water 
discharged from the sewers from the brow of the 
cliff onto the underlying slope.
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Fig. 4 - Schematic cross-section of the Orvieto Hill.
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Remedial measures taken in the past include but

tresses and retaining walls, either in the low

er portion or for entire heigth of the cliff, 
and metal brackets between the tuff pillars iso

lated by subvertical fractures (Fig.5).

Measures involving the clay slope include seme 
check-dams in the most important gullies running 
radially downwards from the base of the cliff . 
Such measures were not continuous with time but 
were taken occasionally whenever local instabil
ity phenomena occurred and were then left to 
themselves. Indeed, most of these check dams are 

now severely damaged (fig.6).

Recent studies (Manfredini et al., 1980)point out 
that only direct remedial measures on the tuff 
cliff do not have a substanzial impact on the na
tural evolution of most important slides. They 
are merely local passive protection works invol
ving the most conspicuous effects of the general 
slide phenomenon but they do not remove its cau 
ses .

Therefore effective interventions must aim at 
slowing down the evolution of the clay slope and 
at removing all other causes, especially anthro

pic-related causes, that aim at hastening the 
process.

CONCLUSIONS

The foregoing points out that in such complex 
situations because of geotechnical and anthropic 
factors, measures should be planned on the basis 
of an exhaustive analysis that keeps account of 
all the various factors and placed them within a 

global framework even though such factors may 

appear to be unrelated, being separated in time 
or space. Difficult and burdensome measures di

rected only at the most conspicuous effects and 
not at the causes of widespread instability mo

vements can thus be avoided. And ungrounded il
lusions that in a constantly evolving system man's 
works can remain unchanged with time and perform 
their function forever can also be done away with.

As regards the cases mentioned in this paper, it 
must be aknowledged that relevant suggestions to 
improve the stability problems were made by tech

nicians early this century (Vinassa de Regny,1904). 
These measures, consistent with today's all'in
clusive approach to the phenomenon, envisaged con

tinuous monitoring and simple and inexpensive 
maintenance works. Had these suggestions been 
accurately followed throughout the years, the pre

sent dramatic situation would not have been brou
ght about.
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Fig. 6 - Recent landslide in the clay slope near 

the base of the tuffaceous cliff of the Orvieto 
Hill; the landslide damaged also a check-dam in 
an important gully running downwards from the ba

se of the cliff.
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Fig. 5 - Examples of remedial measures(buttresses 
and retaining wall) taken in the past on the tuff 
cliff of the Orvieto Hill.
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