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SAFEGUARD AND STABILISATION OF THE LEANING TOWER OF
PISA 1990-2001

The International Committee for the Safeguard of the Tower of Pisa *

TheCommittee

The present section summarisesthe history and the activities
of the International Committee for the Safeguard of the
Leaning Tower of Pisa.

The Committee was appointed by the Italian Prime Minister
in May 1990. It was conceived as an autonomous and
multidisciplinary Authority, whose memberswere expertsin
arts, restoration and material, structural and geotechnical
engineering. A completelisting of theexpertswho, from 1990
t0 2001 have served the Committee, isgivenin the Appendix.

The circumstances triggering the appointment of the

Committee can belinked to thefollowing sequence of events:

a) In January 1989 the XI century’s Civic Tower of Pavia
experienced a sudden structural collapse killing four
people.

b) InOctober of the same year acommission was established
to makerecommendation regarding the safety of the Tower
of Pisarecalling the central and local authorities attention
on therisk of:

- A toppling over because of the continuous increase of
itsinclination

- A fragile collapse of the South side masonry due to its
relevant and continuos growing in inclination, which is
aggravated during strong windsand moderate earthquakes
whose occurrencein the area of Pisahas been effectively
documented.

€) InJanuary 1990 the Italian Government determined that
the tower be closed to visitors for safety reasons.

The Committeefor the Safeguard of the L eaning Tower of Pisa
was established with the tasks of implementing stabilisation
measures and any necessary intervention pertinent to the
restoration of the Tower. The Committee wasalso requested to
make recommendation for amost appropriate use of the Tower
at the conclusion of the works.

By 1990, when the Tower was handed out to the Committeeto
be restored to hedlth, itsinclination was dightly above 5°1/2.

Based on the analysis of the history of the Tower its
inclination started to appear during the second construction
stage (Figs. 1 and 2).

It was, though, examining the results of the modern
monitoring, begunin 1911, that it becameclear that from late

thirties to late eighties the rotation rate of the Tower had
increased from 3-4 to 5-6 seconds per annum.

This alarming circumstance was a clear evidence of the
precariousness of the Tower, which has always represented
a serious concern and has guided the Committee in the
formulation of the strategy which was based on some
crucial circumstances:

(@ The bdlief that the complexity of the problems rdaed to the
safeguard of themonument would requireasignificant seriesof
Sudies, analyses and experiments to acquire acomprehensive
and extensiveknowledge of thetower and of itsenvironment. It
was estimated that the Committee would need 3 to 4 yearsto
cary out theinvestigation Sage and to be bleto sngle out the
find interventions on the tower.

(b) After the first few meetings it soon became obvious that
the Committee had to devel op and deepen many important
subject matters before reaching a unanimous agreement
on the final intervention and because of its
multidisciplinary nature this process would take years.

(c) On the other hand, the awareness of the reduced margin of
safety with respect to toppling and to a structural collapse,
not to mention its heavy responsibilities, made the
Committee decide to implement some temporary and fully
reversible stabilisation interventions, alowing to carry out
therequired research activitiesand to completethedecision-
making process in condition of improved safety.

According to the above strategy the Committee, intheyears
1991-1996, accomplished theresearch and studiesessential
to a comprehensible knowledge of all the relevant features
of the monument and its environment. In the meantime, the
temporary stabilisation measures were implemented.

The temporary structural strengthening consisted in a light
circumferential prestressing of the most vulnerable section
of the Tower’s masonry located between the first and the
second corniche by means of post-tensioned steel cables.
Theintervention was perfectly reversibleand the cableswere
dismantled and replaced in 2001 by stainless steel wires
wound round the drum as a very small band.

The temporary stabilisation of the foundation was achieved
by applying 6 MN of lead ingotsto the North side of the
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foundation. For thefirst timeinthelong history of themonument,
asmall (about 1 minute of arc) reduction of itsinclination was
exercised. During thesefiveyears, the Committee defined the
strategy for the final stabilisation interventions, which had to
be absolutely non-invasive and fully respectful of the
internationally accepted principles for the preservation and
restoration of aworld-famous UNESCO-listed monument, such
asthe Tower of Pisa. Theapplication of thelead ingotsrequired
a prestressed concrete ring around the base of the tower. Also
this temporary measure proved to be perfectly reversible, and
in 2001 the lead weights and the ring were removed without
any damage to the marble facing.

Theapproach to thefinal geotechnical stabilisation consisted
in a gradual and highly controlled extraction (called
“underexcavation”) of small volumes of soil from the depth
ranging between 4 to 5 m beneath the catino and the North
edge of the plinth, aimed at reducing the tower’s inclination
by half of degree. It was decided to implement preliminary
ground extraction beneath the tower itself, with the objective
of observing its response to a limited and localised
intervention. To protect the tower from any unexpected
adverse movement during this or any other intervention
aimed at thefinal stabilisation of the monument, asafeguard
structure was considered mandatory. The structure finally
chosen consists of two sub-horizontal steel stays connected
to the tower at the level of the third order.

After the very encouraging results of the preliminary
underexcavation experiment, the Commission went on to the
final underexcavation; 41 holes have been drilled. Between
February 21, 2000 and June 6, 2001, whenthe underexcavation
operations ceased, 1,568 extractions have been carried out,
removing atotal volume of 37.668 m? of soil. Around 60 % of
this volume was removed below the catino, that is outside
the perimeter of the foundation.

The goal of decreasing the inclination of the tower by half a
degree has been achieved. The settlement of the north side
of the foundation was over 160 mm, while the south side
experienced a heave of 11 mm. It is believed that this very
positive behaviour isthe effect of having limitedto 2,5 mthe
penetration beneath the foundation.

The structural strengthening was prepared by means of
extended nondestructive tests and limited to the minimum
essential. It involved only the south side of the first and
second order. The intervention consisted in low-pressure
special grouting, which was carried out under highly
controlled conditions, and in a small number of post-
tensioned radial stainless steel bars, limited to the critica
zone. The plinth of the tower was connected to the catino
and circumferentially prestressed in order to counteract
tensile stresses and increase the effective foundation area.

Application of conservation principles.
Raymond Lemaire and Roberto Di Stefano, both Past-
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Presidents of ICOMOS, provided the most authoritative
guidance in terms of conservation principles.

R. Lemaire emphasised from the start how “exceptionally
complex” saving the Tower of Pisawas, but he al so stressed
that the multidisciplinary approach itself proved the
effectiveness of the method employed. Restoration could
not be undertaken without reference to the most recent
theories on the subject.

The “Venice Charter” had been the standard international
document for thirty-five years. However, despite its great
merits, it contains some ambiguities, which had recently
emerged in discussions concerning the concept of
authenticity. In the case of the Tower, there was no risk of
such controversy, as it has survived practically intact. Past
restoration has not added anything significant to the origina
aesthetic quality of the monument. So far, the replacement of
marble affecting the small columns, the facing blocks and
other sculpted details have kept the artistic message intact.
It wastherefore only amatter of proceeding nolessdelicately
and rigorously and of maintaining the same quality of
structure and appearance.

This rigorous respect of conservation principles informed the
initial choice of the technical methods to be employed in the
Tower’sgeotechnical stabilisation. For themethods considered
were limited to those capable of preventing increase in
inclination by “a rotation of the soil”, thus avoiding the
application of horizontal forcesto the elevation of the Tower.

Once the efficacy of the technique was established, the
question arose of how much importance was to be given to
the straightening of the Tower. The Committee’ sanswer was
that it should belimited to amodest reduction of inclination,
to the order of half a degree.

Contrary to the opinion expressed (rather superficialy) by
Eugene Viallet-le-Ducin 1836, according to which the Tower
“would be infinitely better if it did not lean”, the Tower’'s
inclinationformsanintegral part of itshistory and must remain
at the core of itsmemory.

Crowds of admiring spectators have always flocked to Pisa
to see the Tower. This hardly surprises us today, as our
familiarity with the principles of conservation allows us to
see that what is important for the spectator is the
psychological effect which the “antique” produces on him
or her. And thisis an effect which eludes rational analysis
and whichisgrounded on adirect reaction to the sight of the
monument, not so much as a source of aesthetic pleasure or
asan item of scientific or historical interest, but rather in so
far asit conveys something of the life of humanity.

Conservation has to taken into consideration not just
aesthetic and historical, but also psychological factors.
Assessment of an ancient monument is not based solely on
the categories of “beauty” and “history”, nor isit confined
to those who, like Viollet-le-Duc, have aesthetic, scientific
and historical interests. Those two categories do not exhaust
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Fig. 7— Global view of the intervention by inox bars and grouting 207



