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Recensione

The book is a collection of case histories related to 
studies, designs and works carried on for the preserva-
tion of historic towers affected by geotechnical prob-
lems.

The Editors are the current and the last presi-
dents of the special committee of the International So-
ciety of Soil Mechanics and Geotechnical Engineering 
(ISSMGE). In the preface they explain that, more than 
thirty years after the establishment of the Committee 
for the safeguard of our architectural heritage, a shared 
framework of reference is still lacking among art histo-
rians, architects, structural and geotechnical engineers 
about purposes, means, historical and cultural perspec-
tive. They felt that the best way to achieve this goal was 
the full display and the comparison of well-document-
ed case histories.

This book, which follows the one published in 2013 
on a more general subject, deals with towers and bell 
towers, not only because foundation soil behaviour and 
geometric characteristics are the key factors of their 
vulnerability, but also for their exceptional and irre-
placeable value as monuments of civil and religious his-
tory and as identity symbols of countries and people, 
in every age and civilization. The nature and reason of 
their special values are exposed in a brief, masterly in-
troduction by the well-known Italian art historian To-
maso Montanari. 

In an introductory chapter the Editors concisely ex-
plain the peculiar geometric and static characteristics, 
which influence the Towers behaviour. Some logic con-
siderations and simple mechanical models are often 
able to explain the main aspects of the typical phenom-
ena that cause worries about the safety of thousands of 
old, monumental towers, of various ages, still existing 
all over the world. The simple and easily intelligible 
model of the inverted pendulum, for instance, shows 
the influence of the elastic behaviour of foundation soil 
on the critical equilibrium condition of a tower: in a 
clayey foundation soil it shows how the consolidation 
process and the transition with time from undrained 
to drained conditions, has a negative effect on the elas-
tic equilibrium and a positive one on the safety factor 
against the plastic failure. Simple static considerations 
are often able to give a substantial contribution to the 
understanding of the very complex issue of assessing 
the safety conditions of a tower. The whole chapter is 
the logic frame of the following case histories and stim-

ulates the sharing of a common approach in risk analy-
sis and in choosing the best means to preserve historic 
towers.

The ten towers selected in this comparative study are 
different as to age, function, structural characteristics, 
urban or landscape context, nature and physical proper-
ties of the foundation soil, kind of risk factors and relat-
ed vulnerabilities. This explains why they underwent dif-
ferent approaches and geotechnical analyses. 

Two ancient Italian towers, the Campanile del Car-
mine in Naples (15th century) and the Ghirlandina 
Tower in Modena (12th -14th centuries), which today do 
not display particular states of distress, are an example 
of sophisticated geotechnical analyses to evaluate the 
current condition of seismic safety: 3D numerical mod-
elling based on the observation of their dynamic behav-
iour, taking into account the static and dynamic inter-
action with the adjacent churches, has shown that both 
towers have a satisfactory safety degree, so that there no 
need of consolidation works. 

The Leaning Tower of Pisa (13th-14th centuries) 
and the Campanile dei Frari in Venice (14th century) 
share a very compressible clayey soil foundation of low 
strength that over time produced their current tilting. 
Different geotechnical technologies made it possible to 
control their behaviour and avoid an increase in their 
inclination. 

Construction projects of underground metropol-
itan lines urged to verify the influence of excavations in 
the adjacent area of two equally famous European tow-
ers, the Big Ben in London (19th century) and the bell 
tower of St. Stephen’s Cathedral in Vienna (14th-15th 

centuries). In the first case, any possible inclination of 
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the tower was avoided by a simultaneous grouting the 
clayey foundation soil: it allowed compensating the soil 
strains induced by excavation at the point and the mo-
ment when they would occur. This intervention paved 
the way to the application of the compensation grout-
ing technique to many similar cases. In Vienna bell tow-
er case numerical modelling of the soil-structure inter-
action led to well defined excavation and construction 
methods that were able to prevent any adverse effect of 
the metro station construction. 

A unique case is the St. Moritz Leaning Tower (13th 
– 15th centuries), founded at the foot of a creep type 
landslide, whose movements have progressively in-
creased its inclination causing stability concern. Two 
subsequent, limited interventions on foundation struc-
tures performed in the last century have so far limited 
the inclination of the tower. 

The St. Petersburg tower shows structural distress-
es in the parts that connect it to the large Admiralty 
building in which it is enclosed and has therefore been 
the subject of a study of the state of cracking and an 
evaluation of its stability degree. St. Petersburg town is 
founded on the heterogeneous and compressible silt 
and clay deposits of the Neva. Both the research of doc-
umentation about the building history and a numeri-
cal modelling of the soil-structure interaction during its 
construction and the subsequent modifications made 
it possible to explain the origin of the cracks and their 
present state while ruled out the need for consolidation 
works. A system for monitoring the future behaviour of 
the structure has however been installed. 

The 13th Century Bayon temple is part of the famous 
archaeological complex of Angkor in Cambodia. It is 
formed by a tall central tower surrounded by other small-
er, partly collapsed towers. The temple is founded on a 
thick layer of compacted sand built on the soft clay de-
posits of the Mekong River. Cracks are present at various 
heights of the central tower, close to the connections with 
the other structures, while the tower inclination prompt-
ed an analysis of its safety. The geophysical, geotechni-
cal and structural surveys, the historical reconstruction of 
the cracking phenomena, the satellite measurements of 
the displacements compared with the results of the first 
archaeological research carried out almost a century ago 
and a numerical modelling of the construction phases 
have made it possible to explain the initial deformations 
and the effects of environmental changes on the unsatu-
rated compacted sand fill. In this case too the studies did 
not detect risks of the tower instability, but it has simply 
suggested a monitoring system implementation. 

The tenth tower is the 68 m high Minareto Jam Jam 
(12th century), in Afghanistan, perhaps the tallest in 
the world and the country’s first UNESCO archaeolog-
ical site. It is located in a seismic area, in a narrow val-
ley filled by alluvial deposits at the confluence of two 
small streams, and is founded on a sand layer covering 
the granite bedrock. One of the streams is eroding the 

sandy layer, but the causes of the minaret present incli-
nation are not clear. Archaeological, geophysical, geo-
technical and structural investigations have been car-
ried out for the preservation of the monument, repeat-
edly interrupted by the war events that have devastated 
Afghanistan for decades. The latest interventions made 
have only a defensive character and consist of riverbank 
defences at the foot of the minaret to protect the sandy 
soil from the stream erosive action. 

At first sight, the tower shape and the geotechnical 
nature of the conservation problem, being the only 
common elements of the cases examined, do not seem 
to justify collecting into a single book case histories that 
separately could have been dealt with in various tech-
nical publications. Nonetheless, the comparison high-
lights a number of facts of more general interest. 

First of all, the book shows that by performing 
historical research and well coordinated geophysical, 
geotechnical and structural investigations it is possible 
to get a reliable evaluation of the monument safety con-
dition, with respect to seismic events of stochastically 
assumed intensity. Numerical computational methods 
allow to interpret structural distresses and to identify 
their causes, implicitly suggesting the best means to re-
move them or to contain their effects. It is noteworthy 
that for half of the towers studied no structural and geo-
technical works were needed to ensure their safety.

Moreover, all the case histories described show that 
a more mature approach to preservation of historical 
and heritage works is gradually prevailing, to pursue 
the possibly integral saving of any structural compo-
nent with its static and architectural function, as a mate-
rial witness of the knowledge, the culture and the con-
structive techniques of the original historical periods in 
which they were designed, built or modified. 

This concept is opposed to a radical, widely dif-
fused attitude, based on an uncritical confidence in 
modern technologies, which leads to the replacement 
of previous structures with new ones, a priori supposedly 
more secure and reliable, but conceptually and materi-
ally different. This unfortunate approach ends up cre-
ating a new construction, which preserves only an icon-
ic appearance of the original one. 

In contrast, this book shows the great attention 
paid by the authors to the historic background of the 
studied towers, built upon the analysis of its distress 
state and the need for preservation works. 

The story of the ten towers and of the events that 
have accompanied their construction and later life is 
fascinating, while offering a culturally interesting view 
of the monuments preservation issues. 

In conclusion, the book features a range of inter-
esting suggestions, not only to engineers and architects 
but also for all who are in charge of providing direc-
tives, or making decisions, on saving heritage buildings.

Giovanni Calabresi
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