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Ffil.‘].‘.:'_ﬁ', !';L-]'ll-efll!ll'h'r 28, |"J"-.|:"|. dorens of
earthquakes devastated Umbria and
the Marches, two regions in the very
heart of Italy, killing 11 people and
injuring 126. The tremors caused
incalculable damage to the area’s art
treasures, including trescoes by Giolto in
the Basilica of St Francis in Assisi,

Mow that the fear and pain of those days
have subsided, thoughts have turmed o
rebuilding and restoration:
rebuilding houses, schools,
churches and entire
'|.'i1lagurﬁ, 03 the people who
live thers can resume their
normal lives as soon as
possible, and restoring this
rich artistic heritage o its
former beauty for all of us
to enjoy,
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From Hell to Heaven

H
There was a story already  J |
going arouwnd im the bwelfth 3
century that St. Francis
himself had pointed out
the exact spot where he E 4
wanted to be buried, It was
thore that the chiech ]muhinﬁ- his remains
would eventually be built, along with a
monasiery for his fellow monks. Situated
“in quondam voragine®, on the high cliff
that now, as then, femms the northwest
side of the hill-town of Assis, the
Franciscan complex is built on a site
whose distingt topography is determined
bj..' Lhe steep inchine of th :|r1IFI|_'.
The place was moelorious because from
Hme immemorial criminals swere tortuned
and put to death on the gallows there,
earning it the name of “The Hill of Hell”.
Erccteed in the first half of the 13th
century, thi monumental comiplex of St
Francis consists of the two Basilicas,
orienked on an east - west axis, and the
Monastery which encloses the body of the
church for almost its wholbe length
(Photo 1)

The church of 51 Francis in Assisi s a
marvelous example of [talian Gothic that
contains frescoes by the greatest painters
of the thirteenth and fourteenth centuries L
The architect, Friar Elia, took advantage 94
of the topography of the site (re-baptized
“Hill of Heawen™ because there lies the

body of St. Francis) to create a soaring ) [
two-level strociure with both levels laid u




out on an identical plan: the Lower
Basilica, to be used as a mausaleum, and
the Upper Basilica, that was expressly
designed to receive crowds of pilgrims.
The most important artists of the time
wiere enlisted to paint works in the
Basilica complex: Cimabue, Giotto,
Simaone Martind, the Lonenzetti brothers. ..
a priceless heritage that was severely

damaged by the deadly cnrll'u.]uukr:'i af

September 26th. We were able to see live
on ledevision not only the tragedy of those
left hpmieless by the quakes but also the
collapse of the vaulting in the Upper
Basilica (Photo 2), making it once again
thee Hill ef Hell.
Government Commissioner Antonio
“aoluccl implemented a plan for
assessing the damage causisd by the

earthquake so that immediate action
could be taken to eliminate hzardous
conditions and prevent further
destruction of the artistic heritage.

To do so he needed the help of the latest
and most sophisticated technology ina
perilous race against time,

Oingoing sussultory and undu]al::urj.-
vibrations continued (o traumatize many
arvas of the Franciscan complex, severely
weakening its stability, With
the clock ticking and fearing
more after-shocks, technicians
began the most pressing work
needed to prevent the collapse
of the gable of the left transept
and the vaulting of the Upper
Basilica, with its frescoes by
Cintto and Cimabue,

The race to save the gable

The first problem to be tackled
was previenting the collapse o
the gable at all costs.

Since it weighed between 70
and 100 tons, the
consequences could have been
deadly if the gable had fallen
through the roof of the Basilica.

This trdangular plece of stone was by now
little more than a shell, with certain
sections that had previously measured 80
cm reduced o a mere 200cm, and
pockmarked and eroded from the recent
pelting rain (Phobo 3).

At this point the gable could not have
withstood further shocks and might have
collapsed with the slightest movement.
On October 14 at 11:40 a.m. the
desperately needed repairs wene begun.
The crew knew that the gable could not
be shored up from below without risking
lives, so with the help of a crane with an
arm 50 meters long, they placed an
enormous steel-skeleton frame of mesh
and tubing over the gable to prevent il
from collapsing (Photo 4),

Thie aperation was not successful,




howevier, because the stone was by now
ready to crumble.

The remaining sections had to be
reinforced before installing the
L'mlntur—g.nh]m which wauld kave to
support the stnscture,

The technology needed had to
provide excellent banding to the
substrate, hardness, and high
resistance o abrasion,

The salution was achieved using
Mapei products (Photo 5).

With PRIMER EF, an epoxy primer
with very high bonding strength, a
preliminary waterproofing was
applied to the stone and the mortar
bed. The monolithic repair of the
damaged structure was done with a
spray application of EPOJET, a fluid
epoxy resin (viscosity lower than 350 ")
that has excellent dielectric properties and
high mechanical strength (Photo 6). At
12:30 a.m, the mission was accomplished:
the gable of the basilica was safe.

“This extraordinary achievement,”
declared Commissioner Paoluce, “is
proof that the [talian technical genius,
know-how and rr:lftn_.'nuumhip
exemplified by those who built this
Basilica lives on in these men.” It wis an
all-important step in safeguarding the
house of 5. Francis, but the emengency
wis not yet over.

Anather aftershock on October Tth was
the coup de grice for many structures
that had already been seriously
weakened. On September 26th the dome-
vault over the apse of the Upper Basilica
collapsed, taking with it all trace of the
"5t Matthew in Jerusalem™ fresco by
Cimabue. The dome- vault of the first bay
and the sub-arch connecting the vaulting
with the counter-fagade also gave way,
partially obliterating the work that Giotto

had painted at the age of 25, (From 1290 to 1295
Giotto painted several frescoes of biblical scenes
in the Upper Basilica.} The fresco of Saint Jerome
and the Scnbe that was part of the *Four Doctors
off the Latin Church™ series (Photo 7) was
pulverized, causing the death of two friars and two technicians
irom the Superiniendency who were assessing the nature of the
damage and checking the structure’s stability (Photos 8 and 9)
Many repairs werne
performed on
areas that were in
imminent danger
because the static
balance of the
vaulting was
seriously
wirakoened,

The most urgent
sk was securing
the groin of the
collapsed vaulting
in the first bay
which jutted out
dangerously
several meters into space without being anchored.

The fresco underneath had to be completely protected from any
debris that might be dislodged during the salvage work, despite
the fact thal the groin had many cracks and in some places was
split clear through.

These cracks could have allowed adhesive to bleed into the
extrados, In addition to that, the entire
vaulting system had to be repained. [t had
broken away from the side walls of the
basilica and was very badly damaged along
it= whiole length. These cracks would only
get worse with time.

The repair work had o be done in such a
way that np ad died weight would be put on
the structures in question because they were
no longer anchored at any point. Putting
any more stress on them would have made
the rest of the vaulting collapse, along with
thie fresco undermeath. Moreover, an
immediate decision had to be made as to
the type of repairs thal were neaded. Work
would have ko get starled within a few days
because without eliminating this hazard,
the job of shoring up the rest of the Upper
Basilica from below would be impossible




A cabwalk buill for bwo

Ilfm.wn 10

A hanging catwalk made of metal pipe was anchoered to the mof,
running the length of the conter of thee Upper Basilica, so that the
exirados of the vaulting couwld be repaired from above. [

catwalk could be reachied
I||I|.'-||;.:|I o windonw,
called the "eve”, which is cut
high up into the frant wall of
thes gable (Photo 100, This
catwalk was af vital
importance to the outcome of
the operation and made it
asgy 1o inspect nol only the
vaulting but the whole Upper
Basilica (Photo 11}

The working platform then
had to be widened by
suspending metal scatfolding
from ik This enabled the
extrados o be repaired from
above, with the men working
bying frce-down, in a not very
comfortable position

Thi repair operation proposed by SACEN. 5p.A. and MAPEI
was given enthusiastic approval. This involved using a modem
technique combined with composite materials instead of cement
based materials. Resins were used lor indegral structural
bonding along with sheets of composile material, FRI' (fiber
reinforced plastic), that had to be artfully placed along the

PHOT 15
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pattern of cracks, This technique allowed
meone than 15 8¢]. M, o ot Fresooes B
be anchored, along with the rest of the
vaulting svstem, Using resins made
wetting the substrate (the extrados of the
vault) unnecessary, along with the
undesirable consequences it might have
caused, eg. washoul, re-activating stable
chemical pln.'l.ml:lu,-l'l.'i_ |,-|1L!.‘.|rl._|.;|.‘ri:|'||._'| bhsin
fresco undermeath, ebe.).

A delicate operation

The job of cleaning the extrados of the
vaulting was begun on schedule on
Cietober 22. This extremely delicate stage
involved removing dust and loose
material with painstaking care in order to
prepare a solid substratbe for the next
phase {(Photo 12). The work had to be
done lying down on the platform, since
walking on the vaulting was out of the
question, making the cleaning difficult,

It was also dangerous because the anca
bexing repained was izell so precarious
Yet it was indispensable, as it made
deeper evaluation of the actual condition
of the area possible. A blueprint could
then be drawn up of the cracks, so that
reinforcing sheets of FRP could be made
b thee proper wesdght and siee and applied
where needed. To anchor the protruding
fragments, EPOJET primer was brushisd
om first, so that the residual dust particles
continually forming on the substrate
could be contained (Photo 13). ADESILEX
PG, a thixotropic epoxy adhesive for
siructural bonding, was then trowelled on
(Mot 14), Carmine, Pasquale, Gennaro




and Franco, with their backs attached by
hooks to the hanging platform, worked
with the care and 1|.|'|'i|.'.'|-.':|.' ol [reson
painters, Cnce the surface had been made
sufficiently solid and smooth, applying
the FEP reinforcing shaeks to il nequined
precision and skill. Exerting too much
pressure with the tools would have
caused detris o [all, particularly bricks
that had coame almost completely loose on
the edge of the surviving vaulting, Excess
prressure wionld also cause the adbesive
penetrate too deeply, damaging the freseo
underneath. The repair plan involved first
the edges of the collapsed areas and the
areas behind these in a preliminary
holding operation so that the bonding
operation could be performed salely Lafer.
Fieces of FEFP belween 20 and 3 om wide
were then quickly applied over the
previously treated areas (Photo 15), The
placement and strength of this fabric was
carefully calculated to cover the fracture
pattern, and the basic weight of zach one
was determined by specific technical
considerations. (Phodo 16]

Repairing the vaulting

The thied and last stage of repair work on
the Franciscan church invelved the entine

sysbEm ofF ".'||-|.|||||'I:|.',,
which had almost
completely
detached from Eh
side walls during
thei ar I||||||.1L1_"~.
with cracks up ki
B/ 10 e widie ._1.'|||'|-r;
the whaobe length of
ke Basilica

In the opinion of

[ ;ll.'-l'i.:I-.l Croei and
Paolo Koochd, the

AL §] |_1n.'|||_'-n.||r- L ||-.|
wene appointed
project managers by
the Commuittee for the Restoration of the
dasilica Complex of 5. Francis in Assisi,
thee ol apse of e v .'||.||||5.'|'1 WS Catised
for the mosl part by the enonmous

PHLYICY 15

armount of fller msterial that had
aecumiilated over the centures at the
juncture of the springers and reins of the
vaults, Le. along the side walls. During
the earthquake this loose material exeried
very high pressure alternately on either
sicle of the '.'.!||.|.|I.iII!:. -'.'.1:|:|-:i|L|; it by bond
tremendously, while making the vawlting
and the ribs which support it lose thedr
curvature. To prevent the collapse of the
enkire structure this accumulated
material, weighing 1000 tons, had to be
removed. Then the cracks along the entire
lemgth of the vaulting had to be repaired,
using a binder that had high mechanical
strength, vel was similar b mortars used
at thie time the Basilica was butll,
Repair of the “period™ lime mortar that
had been pulverized was done with
MAPFE-ANTIOUE MC, a light coloned
dehumidifying mortar for period
buildings that possesses the same physio-
miechanical characteristics of porosity and
vapor permeability as antique mortars
based on limae .||'|-.‘| |-..|_.-'_.-||'| in ([ Phaolos 17
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binders and matural sam
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AMTIOUE ML s I\,'.!]'ll.'ll.'l.ll.l v resistant o
sulphate salts, which are one of the major
causes of deterioration in period
; buildings. Moreover, the formulation’s
'4"- el % L lowr salt content makes this mortar
resistant to chemical and physical agents,
. . e preventing damage o the frescpes
"{ ' underneath. Once the whaole vaulling
e system was stabilized, a decision was
i muade to suspend the most critical areas of
the vaults from the masonry arches that
support the roof by using a series of
tension wires. These were designed with
o tw o springs (Photo 19) to provide
! constant lension regardless of thermal
- ; effects or other deformations. They werne
Fane x_ At anchored to the top of the masonry arches
{ r - {that date from the 158 century) and to
k. [~ the base of special "connectors™ made on
i | site. The same technigque was used to
make these connectors a8 was used on the
groin: after applying an epoxy system of
EPOIET resin (Photo 20) and ADESILEX
f PG (Photo 21) sheets of FRI® were made
] and placed in position by specialists
(Photo 225 then cul to the measuremenis




PHOTO 24
of the section,
and molded
perfectly to the
texture of the
surface. Dozens
il these
oconnechors ol
different shapes
and szes
{Fhoto 23) Bed
the critical areas
of the vaulting
{o the arches
and B0 the ool
sl (which
had been
recoviered in the
15th century
with tiles)
{Fhodo 24 25 ).
Professors Ui
and Rocchi

mainkam that even il
the vaulting should
break free of the side
walls during another
earthquake, it would
remain suspendied
from the arches by this
svsbem of wirnes.

A Mapei solution for
preserving tradition!
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