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Editorial
BRIDGING OVER BRIDGES’ SOURCES 
PROBLEMS

To the victims of the collapse of the bridge over 
the Polcevera river

The collapse of the bridge over the Polcevera river on 
August 14th, 2018, triggered a profound rethinking of 
historical research in the field of structural construction. 
The bridge was one of the most iconic symbols of the 
Italian School of Engineering. 

On the one hand, many doubts about its collapsing 
modes imposed with increased urgency the scientific ef-
fort to study and carry out thorough historical research. 
On the other hand, the unawareness of the value of the 
Italian structural heritage, as well as of its construction 
experimentation, and average age, made its dissemina-
tion among students and professionals, who will be in-
volved in its future safeguarding, even more necessary. 

A thousand-stages tour de force, which was started to 
inform everyone about the cultural identity, the technical 
value, and the historical significance of the School of En-
gineering, has not prevented a continuous, more private 
brooding related to the way of carrying out this research, 
so devoid of historiographic tradition.

Is our approach properly historical research? More-
over, where does the history of structural engineering 
fit into the broader overview of historiography? In 2005 
Sergio Poretti included it in the history of construction, 
which he defined as the “material history of architec-
ture”, referring to Eugenio Battisti, who already identi-
fied the art of construction as a new frontier in the history 
of architecture in the 1980s1.

Nevertheless, Poretti recognized that studies on 
Italian structural engineering of the 1900s have never 
been part – or only marginally – of the history of archi-
tecture. The truth is that these studies still need an es-

DOI: 10.30682/tema0602i

sential interpretative and critical synthesis operation to 
reconstruct their general framework; it is also true that 
this synthesis, as consolidated in all the more mature 
historiographies, must be based on the “slow, patient 
accumulation of precise surveys and specialist studies”. 
These are tiring, strenuous micro-stories that struggle 
to find researchers interested in digging them out of the 
archives.

This is the primary concern about this research. For 
the usual atavistic problem: the engineer is not interested 
in history, in the past. He looks forward to the future, to 
the new.

However, in order to investigate Morandi’s or Zorzi’s 
intricate carpentry or Musmeci’s high-mathematical rela-
tions, it is necessary to have an engineer’s education. An 
advanced education able to distinguish a hinge from a fixed 
joint, not because it is written in the technical reports but 
because it is evident from the geometry of the joint itself. 
The engineer must be able to recognize, in the still hand-
written overly synthetic calculation reports, the starting 
hypotheses, skip the needless passages and understand the 
rough core of the conclusions. Moreover, the well-trained 
engineer should resist the temptation of recalculating old 
structures with modern software, the most useless hobby 
for a historian (necessary only for those who have to ver-
ify and validate the current use – but this is a totally dif-
ferent field) and instead make an effort to read the papers 
through the eyes of a pre-computer engineer, without eval-
uating the project through modern parameters. He must, in 
brief, avoid the actualization typical of the “presentism” 
that affects traditional historiography as well. At the same 
time – and this is much more challenging – he has to know 
all the other histories connected to the construction: those 
of the materials, of the building site, of the construction 

Tullia Iori
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Other documents that crowd this research field are 
the official documents, protocolled, perhaps registered at 
the Court of Auditors. In order to find the dusty file of 
a contract or a test certificate, we are willing to crouch 
uncomfortably, in a semi-abandoned dark archive, next 
to a dead mouse. 

Yet the 122 pages of the “Report, minutes of visit 
and test certificate” for the construction work on the 24th 
parcel of the Genoa-Savona motorway, two and a half 
kilometers long and including the bridge over the Pol-
cevera, report that, compared to the contract signed in 
September 1961, when no one had even imagined how 
to build the cantilever brackets for the balanced trestles, 
the only project variants would have involved the use 
of half-inch strands instead of the 7mm cable initially 
planned for all prestressing operations. A few well-cali-
brated sentences by which the commission relieves itself 
of all responsibilities for the execution changes made on-
site concerning the 20 preliminary drawings attached to 
the contract, while the final drawings would be over 400! 
The testing certificate has a completely different institu-
tional scope, not that of explaining to the historian what 
truly happened during construction. 

One more example: the drawings attached to the con-
tract for the construction of the Risorgimento bridge had 
already been utterly outdated upon signing. The design-
er Hennebique and the Porcheddu company, in October 
1909, were already working on a new and completely 
different project but could no longer delay the signing. Is 
that “contract” a fake indeed? Of course not: the amend-
ment during construction is a constant in our databas-
es, but whichever researcher found only those drawings 
(and not those that were later realized, but which would 
never be validated by any formal signing) could com-
pletely misunderstand the real conception and behaviour 
of the bridge.

There is another typical problem we are dealing with 
in this research: sources may have been filtered. Not nec-
essarily what we do not find in an archive has never ex-
isted.

This is especially true for the queen of sources, the 
one that makes our eyes blink the very instant we find 
it, but which we ought to take with a grain of salt: the 
building site picture. It seems a contradiction: the photo 

companies, but also the political, economic, and social is-
sues of the country where the work has been built.

There are no Degree Courses and related “Dublin De-
scriptors” for these types of qualifications. 

If they did exist, a branch of “Contemporary Dip-
lomatics” would undoubtedly be compulsory teaching. 
What are the documents we are dealing with in our re-
search? Are they “truthful”, i.e., are they what they claim 
to be? What do they precisely tell us? The dramatic re-
cent events have required further reflection on this as 
well.

The historical work I have carried out in the last few 
years has dealt with peculiar documents that are rarely 
interesting for other researches. Working to reconstruct 
the history of reinforced concrete in Italy, I have thor-
oughly examined, for example, the invention patents 
archive from its origins to the Second World War. Not 
searching for a specific patent attributed to a known au-
thor, but merely going through all the ones relevant to 
the construction technique evolution. The history of the 
material has written itself: and not because the technique 
was a sequence of inventions but because the variation in 
density of patents dedicated to specific innovations has 
made the main stages of the entire process evident.

Moreover, most of the patents were deposited by un-
known professionals who have remained so even after 
the investigation. Above all, in the patents there is no 
trace of their practical applications since they are often 
chimeras that are almost unachievable. Houses hanging 
like cloths from laundry threads – and therefore poten-
tially unshaked by earthquakes – or hollow blocks for 
floors shaped like puzzle pieces, that should become 
resistant to tensile stress, even without rebar reinforce-
ment. Nevertheless, from a statistical point of view, they 
provide a clear overview of the current debate and, there-
fore, the evolutionary path of the materials. 

This is not the only reason for which the patent is a 
peculiar document: the important ones, in fact, decisive 
for the history of the Italian School of Engineering, those 
of Nervi, for example, hide more than explain, general-
ize instead of specifying, since the patent is intended to 
protect rights instead of providing instructions to those 
who want to copy the idea. However, for the construction 
historian, the patent is a “sound” document.
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wrapping the half-inch strands, which in the executive 
drawings are prescribed to be sheathed one by one. No 
document talks about this cover, no update of the draw-
ings refers to this detail, no calculation considers this 
modification in progress.

Our photos skip from July 7th directly to ribbon-cut-
ting by Giuseppe Saragat on September 4th: as if there 
was nothing to be documented in those two months of 
final acceleration of the construction site. 

In short, the sources are “traces that the past has trans-
mitted to the present and that we, therefore, find in the 
present”; they are not all we would like to know. And for 
the rest?

In the case of Polcevera, unfortunately, we have the 
autopsies of the bridge – the thin sections of exhibit 132 
– which allow us to discover today all that has not been 
documented. However, we would obviously have all 
preferred that the bridge was still in place, perhaps after 
careful and timely maintenance that could have extended 
its life for many decades. 

For all other chances, Manzoni explains: “la Storia è 
costretta a indovinare. Fortuna che c’è avvezza” (“it is a 
fact that History is doomed to guess everything. Luckily 
enough, it is used to that”)2.

Notes
1 Poretti S (2005) Storia delle costruzioni e storia dell’architet-

tura. In: Teoria e pratica del costruire: saperi, strumenti, modelli. 
Edizioni Moderna, Ravenna, vol. 1, pp 25–30.

2 Manzoni A, I promessi sposi, cap. XIII.

or video of the building site, when fortune shines, would 
seem the most incontrovertible proof of the way the work 
was built. Nonetheless, even the well-stocked collection 
can hide rather than show.

The digital scan of about 500 photographs repre-
senting the bridge construction site over the Polcevera 
are archived in the SIXXIdata: more than 250 of them, 
from the Condotte company’s archive, linger from all 
perspectives on the temporary tie rods and the thousand 
work equipment – from the harp for the temporary deck 
prestressing to the cast-in-place form traveler – which 
are absent in the drawings. Nevertheless, the day after 
the collapse, some American newspapers published a 
series of photos by Mario De Biasi, extracted from their 
huge database, and dated August 1967. The photojour-
nalist authored a few very famous shots, as “Gli italiani 
si voltano” (Italians turn around) and made reportages 
for the weekly magazine “Epoca”. De Biasi reached the 
9th pile early in the morning, dangerously climbed the 
stay, and reached the top of the antenna. Was he au-
thorized or helped by someone, who knows? From up 
there, he took some unrepeatable images that document 
the construction site one month before the inaugura-
tion. Five of those photos were then published in the 
August 13th, 1967 issue of the magazine. One important 
shot is missing; the one that at the deck level shows 
a handsome worker, striking a pose while working on 
one of the stays of the 9th pile, just the stay that broke 
first. In the foreground, we can see a sheet metal cover 
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“STRUCTURAL FANTASIES” IN 20TH 
CENTURY ARCHITECTURAL HERITAGE:  
THE FORGOTTEN WORKS OF ENRICO 
CASTIGLIONI

Ilaria Giannetti
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Civile e Ingegneria Informatica, 
Università di Roma Tor Vergata, 
Roma (Italy)

* Corresponding author:
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1. INTRODUCTION

In the 1950s, when large “made in Italy” reinforced 
concrete structures became icons of structural engineer-
ing and when Italian engineers established themselves 
worldwide as master builders who developed expressive 
languages through construction innovations [1, 2], a sort 
of “structural imagination” spread through modern Ital-
ian architecture [3, 4]. Meanwhile, even beyond Italy’s 
borders, “structuralism” in architecture (defined as an 
actual structural tendency embodied by reinforced con-
crete) established itself as a global trend in the modern 

Highlights

This article focuses on the design process and construction history of the 
most significant works of the engineer and architect Enrico Castiglioni 
(1914-2000) that were built between 1950 and 1965 in Italy’s Varese ter-
ritory. The survey aims to provide fundamental knowledge for their ap-
preciation in the context of 20th century architectural heritage and for the 
implementation of future tailored preservation strategies. The design- and 
construction-related analyses are based on local archival documents and 
the combined sources of the literature of the time.

Abstract

During the 1950s, the “made in Italy” reinforced concrete structures es-
tablished itself around the world. As a consequence, fascinating Italian 
architects turned structural- and construction-based research into novel 
figurative conceptions. Enrico Castiglioni (1914-2000) was a distinctive 
interpreter of this collective phenomenon, but, although his work was sig-
nificantly discussed in the literature of the 1950s and 1960s, it is today 
completely neglected. This paper presents construction-history surveys, 
providing a historical and technical narrative of Castiglioni’s built work.

Keywords

Enrico Castiglioni, Construction history, 20th Century architectural heri-
tage, Reinforced concrete, Italy.

DOI: 10.30682/tema0602a

movement to devise functionalist architectural forms 
[5–7]. 

In this context, the Italian engineer and architect En-
rico Castiglioni (1914-2000) joined the dialogue with a 
series of projects – for the most part unbuilt “structural 
fantasies” – that received consistent attention in the tech-
nical literature of the time and the international discourse 
of architectural structuralism. The first main publications 
of Castiglioni’s work, in the mid-1950s, were related to 
the 1954 Italian design tender for the new Naples central 
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Kurt Siegel included two unbuilt structures designed 
by Castiglioni. Characterised by an unusual “structural 
accomplishment of spaces of great architectural signif-
icance”, the two projects were listed in a world ranking 
of the most attractive structural architecture of the time 
[13]. On 5 April 1962, even Ernest Neufert took his stu-
dents to visit a construction site of Castiglioni’s work 
[Castiglioni Private Archive, Letters, E. Neufert, 1962]. 
In 1965, the critic Udo Kultermann chose Castiglioni’s 
1959 design of the Istituto Tecnico Industriale Cipriano 
Facchinetti school building as the cover image of his 
book Neues Bauen in der Welt [14]. Then, in 1967, Casti-
glioni’s work was included (with a dedicated headword) 
in the first edition of the Dictionary of Architecture by 
Jhon Fleming, Hug Honour, and Nikolaus Pevsner [15].
This tribute of international criticism faded over time and 
disappeared by the 1980s [16]. In 1979, the editors of the 

railway station [8]. In his attempt to illustrate the partic-
ular structural body of the presented design, Castiglioni 
produced an impressive series of images of a physical 
model representing the free-form, reinforced concrete 
vaulted roofing of the station building. These images 
were appreciated by the influential Italian architect and 
critic Bruno Zevi (who was involved in the same tender) 
and they were printed as the cover image of the first issue 
of his architectural journal, L’Architettura: cronache e 
storia, dated June 1955 [9]. Thanks to the “structural ten-
dency” that was informing the architectural discourse, 
the iconic image made possible the dissemination of 
Castiglioni’s work to the international scene through a 
series of monographs published in a wide range of inter-
national technical journals [10–12]. 

In 1960, in the first edition of his essay Strukturfor-
men der modernen Architektur, the engineer and critic 

Fig. 1. ˝Mostra Internazionale del Cotone e del Rayon˝ building in Busto Arsizio, 1951-1954, demolished in 2015. From the top and from left to 
right: external views of the buildings and construction site of the main vaulted pavillion (courtesy of Castiglioni Private Archive).
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ifying for the profession of architect in Rome (1939), he 
concentrated almost all his professional activity in the 
land of his birth. In the post-war period, the self-suffi-
cient development of the provincial territory, directly 
governed by local engineers and architects, guaranteed 
him a continuity of work that, between the early 1950s 
and the mid-1960s, engaged him in the construction of 
buildings for the development of the collective life of 
small municipalities (churches, sports facilities, and pri-
mary schools). At the same time, he participated in a long 
series of design competitions in which his most celebrat-
ed “structural fantasies” took shape [10–15]. As noted 
in the first monographic review of Castiglioni’s archi-
tecture (in the December 1955 issue of L’Architettura: 
cronache e storia), his first works displayed an evident 
“ease in inventing structures” [10]. 
Castiglioni’s first built work was an expansion of the Ro-
setum institute in Besozzo (1950). In the design of the 
complex’s new chapel, the concept of the internal space 
was characterised by the contrast between two structur-
al systems: a corrugated shell roof and a beam-and-pil-
lar frame. The roofing shell comprises a series of ten 
round transverse vaults, three meters in diameter, made 
of eight-centimetre-thick prefabricated brick arches set 
on reinforced concrete bond beams. The succession of the 
vaults, defined by Castiglioni as a “folded but never rig-
id sheet structure” [Castiglioni Private Archive, Rosetum, 
Technical Report, 1951], therefore rests on the longitudi-
nal beams that run parallel to the perimeter walls and con-
nect to the pillars, forming an autonomous frame (Fig. 2). 

magazine Domus organised the exhibition 28/78 Architettu-
ra, showcasing fifty years of architecture in Italy [17]; Cas-
tiglioni’s work was considered in a monograph alongside 
the work of Nervi, Mangiarotti, Mollino, Mollino, Moretti, 
Ponti and Scarpa. After this last acknowledgement, Cas-
tiglioni’s work was gradually forgotten, and no complete, 
dedicated retrospective has yet been produced [18–20]. (As 
material proof of this historical neglect, in 2015, the com-
plex of the Mostra Internazionale del Cotone e del Rayon 
in Busto Arsizio (Fig. 1), dated 1952-1955 and considered 
irreparable due to a lack of maintenance, was demolished, 
removing all evidence of the original structure of Castigli-
oni’s most impressive work without any acknowledgement 
of its technical and historical value). In this context, the 
following pages analyse the design processes and construc-
tion histories of Castiglioni’s most significant works, illu-
minated by the literature of the 1950s and 1960s [10–17]. 
These surveys, based on the literature of the time and local 
archives (Castiglioni Private Archive, Busto Arsizio, and 
Gorla Minore Municipal Archives, Varese State Archive), 
provide foundational knowledge for the cultural apprecia-
tion of Castiglioni’s heritage and tailored preservation strat-
egies for his buildings currently in use.

2. THE “STRUCTURALIST INFERENCES”: 
FIRST WORKS (1950-1954)

Castiglioni was born in 1914 in Busto Arsizio in the 
province of Varese. After taking his first degree in civil 
engineering at the Polytechnic of Milan (1937) and qual-

Fig. 2. Rosetum chapel in Besozzo, 1950-1951. Interior views (courtesy of Castiglioni Private Archive).
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A data comparison of the original drawings of the vault’s 
contour lines (Fig. 3) with construction site pictures 
showing the complex curvilinear wooden ribs placed 
to support the cast-in-place roof (Fig. 4) discloses the 
modular conception of the vault. A single bay between 
two tripods was designed as a combination of simple 
geometric sectors: a barrel vault, a small, lowered dome, 
and a saddle surface between them. The juxtaposition of 
the vault sectors in each bay with the overall composi-
tion of the four bays is thus indicated by the positioning 
and shaping of the reinforcements; the domes are char-
acterised by circular reinforcements while the stiffening 
sections of the roof are marked by major transverse re-
inforcements. A 3D model analysis (Fig. 4) confirms the 
efficient modular conception of the apparently free-form 
vaulted geometry, deepening the interpretative under-
standing of Castiglioni’s design approach [13, 17], and 
the refined carpentry of the impressive wooden centring 
confirms the artisanal inner construction of the structure.
As soon as the Viggiù building was completed, Castigli-
oni committed to the 1954 competition project for the 
Naples station, in which a pattern of thin vaults spanning 
twenty-five meters and anchored on monumental inverse 
tripods forms the impressive roof of the station building 
(Fig. 5). If the affinity of the station building with the 
structure designed for the small church is evident even 
when looking only at pictures of the physical model, the 
present analysis, retracing the similar modular compo-
sition of the free-form vaulted roof [13], reveals in the 

The same combination of two structural systems (the thin 
vault and the exposed frame) was developed, with orig-
inal results, in the enlargement of the sixteenth-century 
church of Viggiù (1952), consisting of a new rectangular 
hall (eight by twenty meters) with small side rooms. The 
spatial conception of the hall is based on the combined 
use of a thin, sinuous, reinforced concrete vault with ten 
hefty tripartite supports (inverse tripods). Seen from the 
front, each inverse tripod, originating from a single sup-
port on the ground, consists of a vertical and flared central 
pillar and two inclined and tapered lateral arms that extend 
outwards, forming a V-shaped support (Fig. 3). Thus, if 
we imagine a transverse section of the structure, the cen-
tral pillar of the tripod, because it remains detached from 
the perimeter wall, rises vertically (up to 7.25 meters) to 
the springer of the central vault while the two arms tilt 
outwards until they re-join the perimeter wall. On the one 
hand, the sequence of V-shaped supports constitutes the 
lateral support of the system of prefabricated brick arches 
that define the wavy edge of the perimeter wall above and 
the roof of the side rooms. On the other hand, the central 
pillars join the thickest sections of the undulating vault 
characterised by longitudinal reinforcement, forming the 
stiffening system of the roof. In terms of spatial concep-
tion, the combination of robust tripods and the thin vault 
is marked by the placement of large windows that allow 
a diffusion of light, which grazes the roof curves and un-
derlines the figure of the “strictly static membrane” [10] 
devised by Castiglioni. 

Fig. 3. Viggiù church, the new chapel, 1952-1953. From left to right: interior view and drawing for the geometry of the vaults (courtesy of Casti-
glioni Private Archive).



Vol. 6, No. 2 (2020)
TEMA: Technologies  Engineering  Materials  Architecture

12

e-ISSN 2421-4574

ture) in Busto Arsizio. The small, two-story building is 
characterised by a mixed frame in reinforced concrete 
and granite [10], conceived by Castiglioni and calcu-
lated by the engineer Alberto Cugini. The structure, 

neglected church hall a miniature-built prototype of the 
celebrated Naples structure.
In 1953, Castiglioni was commissioned to design the 
Casa della Cultura Cattolica (House of Catholic Cul-

Fig. 4. Viggiù church, the new chapel, 1952-1953. From left to right: construction site pictures (courtesy of Castiglioni Private Archive) and 3D 
study of the vaults geometrical conception (the author, 2020).

Fig. 5. Napoli station competition design, 1954. From left to right: picture of the study model (courtesy of Castiglioni Private Archive) and sketch, 
by K. Siegel, explaining the modular-based design approach [13].
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of two original portals, in the shape of a Greek P, locat-
ed outside the main classroom façades (Fig. 7). 
These elements – eight meters high, with a five-meter 
span and 3.75 meters of symmetrical overhang beneath a 
sturdy honeycomb frieze – are characterised by a general 
over-dimensioning with respect to their structural func-
tion. The portals, designed as double overhanging frames 
hinged at the base, support only the 6.25-meter roof 
spans of the classrooms. The structural dimensions were, 
in fact, defined as “architectonic” in the calculation mod-
el in which it was also determined to disregard the hor-
izontal beam bending moment decrease due to the con-
tribution of the side overhang [Busto Arsizio Municipal 
Archive, Primary School in Rione Sempione, Technical 
Calculation Reports, 1955]. From a design perspective, 
while the dimensional evidence heightens the architec-
tural expressiveness of the portal, the shape evokes its 
real structural behaviour, announcing itself as a dec-
orazione-struttura [10]. Under the weight of the sturdy 
frieze, the stringer of the portal inflects, and the pillars, 
still imagined as though they were free at the base, con-
sequently open outwards to where the two sturdy plinths 
absorb the horizontal forces, keeping the system in bal-
ance. All the elements were cast in place as the price of 
labour was competitive at that time in the Varese district, 
even for skilled workers (a carpenter or blacksmith cost 
408 lire per hour), which made possible the economical 
formation of “pillars, beams and any reinforced concrete 
element of any section and shape” as well as the tailored 

although of “orthodox conception” [Varese State Ar-
chive, Prefettura, Casa della Cultura Cattolica, 1953], 
has a continuous overhang on the road-facing front 
of the building, supported at the ends by two sturdy 
brackets and, in the intermediate areas, by two stur-
dy granite pillars, the first monolithic and the second, 
made of reinforced concrete, covered with the same 
Quasso stone (Fig. 6). A series of reinforced concrete 
slats, resting on the granite pillars, marks the façade 
of the projecting body; the front of the structure, as 
it was conceived, was described by Giancarlo Ortel-
li with the term decorazione-struttura [10] to indicate 
the figurative use of the structural elements, that affect-
ed the pure relation between the shape and structural 
function. Even Zevi mentioned the small building for 
its “structural inferences” [5].

3. “STRUCTURAL DECORATIONS” (1955-
1958) 

Ortelli’s definition is also consistent with an analysis of 
the works of the immediately subsequent years; original 
structural decorations tried out in the Casa della Cultura 
Cattolica, were developed in two primary school proj-
ects built between 1955 and 1959 in Busto Arsizio [21] 
and Gorla Minore [22]. 

The first building, designed with the engineer Dante 
Brigatti (director of the technical office of Busto Ar-
sizio municipality), is in fact recognisable by the design 

Fig. 6. ˝Casa della Cultura Cattolica˝ building in Busto Arsizio, 1953-1955. From left to right: façade view and study drawing of the granite pillars 
(courtesy of Castiglioni Private Archive).
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of the park, formed the elevated structure, allowing the 
body of the building to be traversed physically and per-
ceptually.

A continuous brickwork texture, framed by a rein-
forced concrete structure, ennobled the load-bearing 
walls on the transverse façades, repeating itself in the 
atrium, and a genuine decorative element was designed 
as a crowning structure (Fig. 7): eight lamellar flow-
er capitals, at the load-bearing walls, partitioned the 
façade in a large-scale order and became the crown-
ing cornice of the transverse façades and the atrium. 
Castiglioni intended that the frieze and capitals would 
be part of the roofing system, as conceived in a first 
draft that involved extending the design of the flower 
capitals into a thin, variously curved ribbed shell that 
remained unbuilt. 

designs of the iron-profile window and door frames [Bus-
to Arsizio Municipal Archive, Primary School in Rione 
Sempione, Technical Prices Report, 1955].

A similar use of structural decoration characterises 
the primary school project commissioned to Castiglioni 
by the municipality of Gorla Minore in 1956 [20]. The 
project, to be carried out in the eighteenth-century park 
of Villa Durini, was subject to the preliminary require-
ments and approval of the Superintendence, including 
the need to favour the perception of the slope of the 
park towards the valley, to make the outer walls of “se-
lected bricks” and to give the façade “noble decorative 
elements”. The suggestions, accepted by Castiglioni, 
were applied in the original concept of the building’s 
structure. Eight large, load-bearing walls, in a comb-
like arrangement according to the direction of the slope 

Fig. 7. Busto Arsizio primary school in Sempione district, 1955-1958. From left to right: view and drawing of the main façade (courtesy of Ca-
stiglioni Private Archive); Gorla Minore primary school in Parco Durini,1956-1959. From left to right: external view and crowning detail drawing 
(courtesy of Gorla Minore Archive).
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That Castiglioni’s “structural visions” were no lon-
ger adequately supported in the early 1960s by building 
experimentation (which had constituted the necessary 
design training at the beginning of the previous decade), 
is also shown in the results of the A.I.T.E.C (Associazi-
one Italiana Tecnico Economica del Cemento award), 
reserved to works in reinforced concrete, for which Cas-
tiglioni competed in 1962, earning only a special men-
tion by the jury. “The natural sympathy that Castiglioni 
enjoys for reinforced concrete”, which inspired the pub-
lication of a long story about the mostly unbuilt designs 
in the journal L’industria Italiana del Cemento, cannot 
compensate for the obvious shortcoming of the construc-
tion [23, 24]. 

Castiglioni’s last works date, prematurely, from the 
mid-1960s. A last major construction site was the im-

4. “SYMPATHY FOR REINFORCED 
CONCRETE”: LAST WORKS (1960-1964)

In 1961, with the support of the influential Italian archi-
tect Gio Ponti, Castiglioni was commissioned for the 
project of the parish church of Prospiano in Gorla Mi-
nore. The church, in the shape of a basilica, is charac-
terised by compact external stereometric and marked by 
a gable roof and by the fusion, in the internal space, of 
three naves in a single vaulted inner space characterised 
by a combination of opposing calottes associated with 
the conduct of liturgical events (Fig. 8). The structure 
features a thin barrel vault system and a load-bearing 
roof frame system. As detailed in the reinforcement 
drawings, the overlapping of the two structural systems 
created a design that was now far from the explicit struc-
tural compositions of the 1950s [13].

Fig. 8. Prospiano Church in Gorla Minore, 1959-1965. From the top and from left to right: construction site view, interior view, cross-sections with 
reinforced concrete reinforcements details by the engineer Viterbo (courtesy of Gorla Minore Archive).
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prefabricated brick arches. The half-building structure is 
composed of four base modules, each of which is formed 
by three imposing frames in a comb-like arrangement sup-
porting four reinforced-concrete conical vaults that cover 
the laboratory spaces on the ground floor and the frames 
of the building’s three classroom floors [Archivio Privato 
Castiglioni, Study model of the building structure, 1960].

The school was completed in 1966 and, due to its 
impressive reinforced concrete structure, was soon rec-
ognised as an icon of architectural Brutalism [14, 15], 
although the original design of the building, significantly 
modified to accommodate economic constraints in its con-
struction, would probably have inspired a different critical 
interpretation. Indeed, the school building was built in two 
phases, between 1962 and 1966, when the labour condi-
tions in the Varese province had drastically changed. The 

posing Istituto Tecnico Industriale Cipriano Facchinetti 
(ITIS) school building in Castellanza. Designed in 1959 
and constructed between 1962 and 1966 with the sup-
port of the engineers Carlo Fontana and Oreste Viterbo, 
the complex is Castiglioni’s most impressive (and well-
known) work. It consists of two symmetrical buildings 
that flank the porticoed atrium; the two buildings have a 
novel inverted T-section in which the highest central core, 
split longitudinally by a zenithal fissure, connects to two 
lateral wings with a curvilinear roof (Fig. 9). A system of 
reinforced concrete vaults and reinforced brick elements 
is combined in a rigorously modular approach with an 
imposing reinforced concrete frame characterised by cur-
vilinear elements. Each half of the building has an inde-
pendent structure, and the roofing of the central core com-
prises cantilever-reinforced concrete beams supporting 

Fig. 9. ITIS school in Castellanza, 1959-1966. From the top and from left to right: external view, study model and structural drawings by the engi-
neer Fontana (courtesy of Castiglioni Private Archive); study model of the original design and drawing of an intermediate design hypothesis of 
the unbuilt pillar-skylight of the atrium (courtesy of Castiglioni Private Archive).
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that would have partially covered the exposed reinforced 
concrete of the external façades was eliminated in con-
struction and only the design of the windows frames 
was built as originally designed, giving evidence of the 
original decorative conception of the whole [Castiglioni 
Private Archive, ITIS, Technical Reports, 1959]. The 
window frames, all made of FerroFinestra profiles and 
using the cheapest glass panes available on the market, 
saturate the entire space between the reinforced concrete 
frames. In the transversal façades, windows over twelve 
meters high are supported by a spatial reticular structure 
formed by four trusses, which are connected by a series 
of tie rods and arranged in decorative framed buttresses 
to absorb high wind loads. The Istituto has been exten-
sively refurbished in recent years with the replacement 
of most of the original windows frames and with a white 

cheap labour exploited for the primary school buildings 
of Busto Arsizio and Gorla Minore was no more, lead-
ing Castiglioni to abandon, during construction, the main 
“structural decorations” imagined in the original design. 
In that design, a pillar-skylight, consisting of shaped slats 
on a conoidal volume, would have formed the floral ceil-
ing of the porticoed atrium (Fig. 9). With a fully examined 
construction process relying on the use of special plaster 
formworks, the element would have been built through 
the off-site construction of the shaped slats, which would 
have been set in place without any scaffolding. In 1962, 
the structural object was drastically simplified to be cast 
in situ in a novel economic solution; by completely re-
nouncing the pillar function of a skylight, the atrium 
roofing was set on a new series of completely filled con-
ical calyx capitals. Even the coloured marble envelope 

Fig. 10. Gorla Minore primary school after original windows frames refurbishment in 2016 (photo by Schüco company, courtesy of Gorla Minore 
Archive); Busto Arsizio Primary school in 1958 (Courtesy of Castiglioni Private Archive) and after windows original frames demolition (photo by 
the author, 2019).
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on a rigorous, modular-driven design in which histori-
cal structural typologies (such as barrel vaults, sail vaults, 
and domes) overlap with reinforced concrete structural el-
ements (such as frames and saddles) in clear, geometrical 
compositions. Furthermore, the non-ideological use of con-
struction technology was underlined in the transition from 
the design conception to the edifice. The combined use of 
prefabricated brick elements, site-cast reinforced concrete 
structures, ad hoc designed wooden formworks and off-site 
produced structural elements supported by metal or plaster 
formworks as well as the tailored design of iron elements 
disclose a pure, craft-driven approach grounded on the 
proximity of the skilled artisans of the Varese territory.
From the perspective of applied preservation, the founda-
tional material knowledge obtained in this study suggests 
the adoption of tailored interventions for buildings cur-
rently in use. The detailed documentation available in the 
local archives, as disclosed by this research, makes possi-
ble a base level of technical knowledge related to archi-
tectural, structural, and building material details (Fig. 11). 

covering on the exposed reinforced concrete, testifying 
to the lack of historical and technical knowledge of Ca-
stiglioni’s work among those in charge of the institution.

5. CONCLUSIONS 

The present study of Castiglioni’s built works provides 
the first material narrative of this overlooked building 
heritage of the Varese district. The surveys improve 
awareness of the 20th century Italian architectural heri-
tage by telling a still neglected local story while also pro-
viding fundamental knowledge for tailored preservation 
interventions to correct the antithetical approaches taken 
by the institutions in charge (Fig. 10).

In this framework, the presented analysis of construc-
tion history led first to project- and construction-related 
consideration of Castiglioni’s work, adding further perspec-
tive to the interpretations presented in the literature [17–19]. 
By referring necessarily to future surveys (currently being 
conducted) of the unbuilt projects, the analysis shed light 

Fig. 11. Acquired technical knowledge levels, of presented buildings, from the archival sources-based surveys (2019).
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A future applied development of this study may consist of 
the improvement of digital-model investigation tools [25] 
for storing and easily sharing archival source data with lo-
cal institutions charged with the maintenance and appreci-
ation of this local architectural heritage. 
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1. INTRODUCTION

The recovery and conservation of 20th century buildings 
have highlighted the necessity to adopt different meth-
odologies, techniques, and tools from those applied in 
traditional restoration. More precisely, these differences 
encompass working procedures beginning from cogni-
tive analysis through to intervention.

The methodology followed in traditional restoration is 
analytical when assessing the state of deterioration and the 

work to be carried out, deductive when defining the tech-
nical choices and methods of intervention, and repetitive 
when applying consolidated practices. This methodology 
does not apply to 20th century architecture because each 
work is unique, especially the technological and construc-
tion aspects that are often closely connected to the build-
ing’s architectural significance. While restoration work 
has to be considered part of the building’s life span and 
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Highlights

The recovery and conservation of buildings of the 20th century have high-
lighted the necessity to adopt different methodologies, techniques, and 
tools from those applied in traditional restoration.
The guidelines, which serve as a basis for future conservation work on 
the Flaminio Stadium (built in Rome for the XVII Olympics in 1960 and 
now protected as a cultural asset), stem from a methodology based on a 
precise reconstruction of the various phases of the project, including its 
construction, as well as a critical analysis of the original and current phys-
ical elements of the Stadium.

Abstract

The paper highlights the specificity and originality of the solutions adopt-
ed by Nervi in the construction of the Flaminio Stadium (Pier Luigi and 
Antonio Nervi, 1957-59), as well as his talent as a designer and engineer.
The text presents both a summary of the research carried out on the terrac-
ing and the canopy of the Stadium (built using “structural prefabrication”) 
and draws attention to the research methodology, of which this study is a 
part. The research was funded by the Getty Foundation with the aim of 
formulating guidelines for the future conservation project of the Stadium.

Keywords

Pier Luigi Nervi, Flaminio Stadium, Structural prefabrication, XX Cen-
tury, Rome.
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analysis of the historical documentation in the CONI Ar-
chive (Rome), the CSAC Centro Studi e Archivio della 
Comunicazione (Parma) and the MAXXI Centro Archivi 
di Architettura (Rome), produced the research results 
which lead to the development of the guidelines for the 
conservation project.

To illustrate the methodology used in the research, we 
have provided a brief account of the study of the character-
istics and construction of the terraces and the canopy. The 
results of this study have both a knowledge value which 
furthers our understanding of a historical event in Italian 
engineering and a operational spin-off which is not mere-
ly descriptive in nature. In this way, when the interpreta-
tion of the work is able to grasp the unique characteristics 
and, above all, can focus on the specific way in which the 
construction took shape − thus defining the architectural 
expression − the method of conservation can be adapted 
to the level of transformation which is compatible with the 
preservation of architectural values.

therefore requires a philological-conservative approach, 
for the works of the 20th century it is necessary to carry out 
meticulous, accurate and sophisticated cognitive investi-
gations. Furthermore, the restoration must be invisible, 
even when it involves the development of new construc-
tion solutions to resolve existing technical deficiencies.

This methodology was used as the basis for our re-
search for the guidelines “Developing a conservation 
management plan for the Flaminio Stadium by Pier Lu-
igi and Antonio Nervi in Rome, Italy: an interdisciplin-
ary approach”, which was selected in 2017 by the Getty 
Foundation in Los Angeles as part of the program ‘Keep-
ing it Modern’. The research − promoted by the Diparti-
mento di Ingegneria Strutturale e Geotecnica of the Sa-
pienza University (Rome), the Pier Luigi Nervi Project 
Association, and Do.Co.Mo.Mo. Italy, in agreement with 
the Municipality of Rome − enabled us to further our 
knowledge of the Stadium. A fact-finding study focusing 
on the noteworthy parts of the Stadium, together with an 

Fig. 1. The Flaminio Stadium.
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The form and architectural structure of the Flaminio 
Stadium resulted from Nervi’s inspirational invention of 
a construction system for the stands that was as effec-
tive as it was simple. This system of “structural prefab-
rication” was a process that Nervi used repeatedly, and 
“consisted of building a resilient complex by linking 
together prefabricated elements and making them stat-
ically binding”. As these words suggest the structure, 
although made up of assembled parts, should not betray 
the monolithic nature of the organism which for Nervi 
was “the most characteristic property of reinforced con-
crete structures […] and was also the one from which 
its most brilliant and specific static solutions were born” 
[1]. Nervi realized most of his domes with structural 
prefabrication: breaking down the surface into small 
pieces to be built on-site and reassembled to form a sin-
gle solid structure.

2. THE CONSTRUCTION OF TERRACES

The Flaminio Stadium was designed and built by Pier 
Luigi and Antonio Nervi (1957-59) for the XXVII Olym-
pics in Rome (Fig. 1 and Fig. 2). On April 4 1957, the ex-
amining commission for the tender competition (that had 
been announced by the National Olympic Committee 
(CONI) in July 1956) awarded the contract to the firm 
Nervi & Bartoli. Five other companies had participated, 
with projects submitted by architects specialized in sports 
buildings design such as: Cesare Ligini and Dagoberto 
Ortensi, Sergio Bonamico, Enrico Mandolesi, Pio Mon-
tesi, Enrico Lenti. Nervi’s proposal won because it was 
functionally efficient, aesthetically acceptable, and was 
the most economical: only 810,000,000 lire. Work began 
on July 1 1957 and was completed within 18 months. On 
the morning of March 18 1959, the Flaminio Stadium 
was inaugurated by Prime Minister Antonio Segni.

Fig. 2. The west grandstand.
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face, the seating; the slanting face, the component which 
collected rainwater. Nervi patented this system even be-
fore completing the competition project [3] (Fig. 3). 

Nervi identified three principal problems concerning 
the construction of the terraces. The first was the water-
proofing. If the grandstands were made of load-bearing 
reinforced concrete steps, “it becomes very difficult to 
cover the water-repellent layer above with cement-based 
plasters, because it would be impossible to make them 
adhere effectively […] to the supporting structure”. The 
problems persisted even when the steps were built on an 
inclined slab because the waterproofing layer covering the 
slab “could lead to slippages of the steps on the underly-
ing support structure”. Then there was the problem of the 
rainwater, which could not be allowed to run down the 
terraces. The final concern was the visibility of the playing 
field: to make it optimal, it was necessary to increase the 
slope of the steps gradually. This could be achieved by 
maintaining a constant lift and increasing the tread as it 
approached the playing field, but this would have reduced 
the capacity. Alternatively, it could be realized by keeping 
the tread constant and progressively increasing the lift as 
it moved away from the playing field, but this would have 
increased the height of the seat, which, “for the comfort of 
the spectator”, should remain constant.

To resolve these problems, Nervi’s patent proposed a 
step made of two prefabricated components. One had a 
U section which rested on the supporting frames of the 
stands, and “had a static function of collecting and con-
veying water”. The other, covered and supported by the 
first, “constituted the tread and the seat”. The U-shaped el-
ements − once bonded both reciprocally and with the sup-
porting frames (through small concrete casting that incor-
porated the protruding bars) − were waterproofed to the 
extrados before mounting the tread seat. In this way, the 
first problem was solved, and the rainwater runoff down 
the terraces was also avoided (as the water that collected 
on the tread was removed through a hole that delivered it 
to the U-shaped element). From there, it was conveyed to 
a second hole that disposed of it in a sheet metal tube, vis-
ible at the intrados of the terraces. Finally, Nervi achieved 
a constant seat height by simply using a seat protruding 
from the step. In this way, it uncoupled its height from the 
position of the tread.

The structural prefabrication not only allowed Nervi 
to realize complex or otherwise unachievable structures, 
but it also enabled him to reduce construction time and 
costs by creating finished products that did not require 
further cladding. In fact, the burden of the formwork 
was practically eliminated because a substantial part of 
the structure was constructed from a limited number of 
molds that could be reused many times.

Structural prefabrication, however, demanded a project 
construction site that was “more difficult and delicate […] 
with very few established points of a general or theoretical 
nature”. It “must fundamentally be based on experience, on 
similarities, and above all on a practical imagination that 
includes all the phases of processing, transport, and assem-
bly so that each can be defined with sufficient accuracy” [2].

In the case of the Stadium, structural prefabrication 
also served to rationalize the site and solve problems that 
would not have otherwise been possible using traditional 
methods. The construction planning − which Nervi had 
tested and used in other projects − was essentially a se-
ries of 92 reinforced concrete supporting frames, cast on 
site, with a “covering” (in this case the cavea of the Sta-
dium) made of prefabricated elements, from which the 
terraces and the canopy were made.

When preparing the competition project, Nervi came 
up with a basic-element from which the entire cavea could 
be constructed: a hollow step with a rectangular trapezoid 
section. Each face of the step had a specific function: the 
vertical faces were the supporting beams; the horizontal 

Fig. 3. P.L. Nervi, Patent n. 564484, January 12 1957.
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terre of the north and south grandstands, and the seating 
area of the west parterre (Fig. 5). 

In addition, there were the curved pieces of the cor-
ner terraces, which had different lengths and curvatures. 
Above all, there were many special pieces, both curved 
and straight, such as those near the upper edge of the 
conical areas intersecting the crooked top beam, which 
were triangular or trapezoidal; those in the vicinity of the 
vomitoria, to the ascending and descending stairs, to the 
expansion joints, to the curved perimeter of the north and 
south parterres, and the areas reserved for the journalists 
and authorities. In addition, almost all the types were tri-
pled because the inclination of the terraces (both flat and 
conical) was not constant but passed from 28 to 30 to 32° 
to allow for perfect visibility of the playing field.

Nervi knew that for the solution to be economically 
viable it had to be restricted to a limited number of typ-
ical-elements which could be repeated many times and 
the enveloping shape of a Stadium cavea did not guaran-
tee that the selection of the pieces would be limited. It is, 
therefore, reasonable to think that Nervi initially focused 
on the geometry of the stands in order to make it as com-
patible as possible with the steps of his invention. In fact, 
the cavea, symmetrical with respect to the east-west axis, 
had an elementary geometry: four planes, inclined towards 
the sides of the playing field, and four cone-shaped con-
necting surfaces, at the corners. There was, however, an 
unavoidable geometric complication. The terrace planes 
had different extensions; hence their upper sides were at 
different heights, which meant the cone quarters did not 
align with the circular arc. Nervi, therefore, chose an eas-
ily traceable crooked line: which was the intersecting line 
of the conical and cylindrical areas that had a vertical axis 
not coinciding with the cone axis. The result was a toping 
line that appeared to be continuous, flowing, and harmo-
nious. From the outside, it made the Stadium look “less 
bulky”, and from the inside, it removed “the viewer from 
the feeling of being in a closed environment” [4] (Fig. 4).

Despite the simplification of the geometry of the 
whole, the typical-elements of the steps were numerous. 
There were straight pieces used for the seating area of the 
east and west grandstands, the standing area and the par-

Fig. 4. Northeast quadrant of the Stadium. 
Fig. 5. The prefabricated steps: U-shaped reinforcement element; fixed 
and counter-mold for U-shaped element; straight seat element.
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Aware of how delicate and difficult the process was, 
Nervi, even before working on the planning and structur-
al design of the supporting structures (foundations and 
frames), was keen to plan and start the prefabrication site 
of the steps immediately.

When making the risers (finished on both sides), he 
used a fixed mold (the “forma a terra”) to shape the in-
trados, and a removable concrete counter-mold to shape 
the extrados (Fig. 5). On the construction site, molds and 
counter-molds of different shapes and sizes were avail-
able: their number was calculated in relation to the ele-
ments to be made for each type. There was an identical 
assortment regarding the tread elements, which were 
both seats with a small backrest (Fig. 5) and stepped 
components for the standing room.

To give an idea of the variety, it suffices to say that 
the rectilinear risers, the simplest ones, not only be-
longed to three different families according to the in-

clination of the stands, but they also had to be supplied 
in different lengths − 536 centimeters or 2/3, 1/2, 1/3, 
1/6 of this measure − depending on whether they were 
the base-pieces or the special pieces in proximity to the 
vomitoria, the ascending and descending steps, the ex-
pansion joints. There were also secondary variants for 
each type which dealt with the water-draining outlets, the 
closure or otherwise of the heads of the risers, and the 
different reinforcement and positioning of the protruding 
bars. Finally, further differences were envisaged when 
the elements, instead of being supported, were cantile-
vered, such as those on the sides of the vomitoria and the 
expansion joints − because in this way the tubes became 
disposable formworks for suture castings, with which 
real reinforced concrete beams were made. Despite these 
complications, the prefabrication site managed to pro-
duce an average of 35 elements a day, for a total of 7652 
pieces (Fig. 6).

Fig. 6. The construction site: on the ground the prefabricated elements of the steps.
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tion, very similar to those of the canopy of the semi-circular 
pavilion of the Fiera di Milano (1952). The tubes, envisaged 
in ferrocemento, were five per span and 14.6 meters long 
closed at the top by thin hollow brick and concrete casting. 
The whole had a height varying from 45 (at the free end) 
and 110 centimeters (at the embedded end). The wavefront 
was hidden by a tall front-band. The rear platform, cast on-
site, was made up of a 5 centimeters slab and a ribbed extra-
dos: in this way, a closed box section with a height varying 
between 90 and 110 centimeters was realized.

The shape of the canopy in the final design remained 
substantially unchanged, but the shapes of the prefabri-
cated components became V-shaped and were made in 
that form.

The procedure for the construction of the canopy 
components was different from that of the terraces; they 
were, in fact, of ferrocemento. A steel grid of small-diam-
eter bars was used to support three to four layers of thin 
steel mesh, on which the cement mortar was smoothed 
with a trowel, creating layers only 3 centimeters thick 
and ribs of 10-15 centimeters on the side.

3. THE CANOPY

The prefabrication of the canopy elements presented 
fewer problems as there were only 88 pieces, and the 
typical-elements were only two: rectangular, 14.30 me-
ters long, 1.425 meters wide (4 per span) and 1.2 meters 
high at the joint; and a piece of the same length, but with 
a plan in the form of a sector of an annulus, to cover the 
curved end parts of the west grandstand. Once assem-
bled, their V-section produced an elegant pleated surface 
perforated with numerous, small circular apertures. The 
two faces of each component, delimited above and below 
by ribs, were not flat surfaces but hyperbolic paraboloid 
ones. Two transverse stiffening joists joined the upper 
ribs, preventing deformation of the components (Fig. 7).

The canopy as a whole was made up of two parts: the 
portion formed by the prefabricated components and a 
rear concrete platform resting on the extensions of the 
corbels of the supporting frames, and in front, on twen-
ty-two slender struts of steel tube filled with concrete.
In the competition project, the canopy was resting on tubu-
lar steel uprights, but the covering elements had a tube sec-

Fig. 7. Ferrocemento element.
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correctness of the formal outcome was somehow guar-
anteed by the effectiveness of the construction process 
itself. This was also the case of the Stadium, where there 
was an inseparable bond between technical invention, 
construction method, and the formal result.

The pre-eminence that Nervi gave to the structural 
fabric over the rest of the construction is demonstrated 
by the fact that no element of the supporting structure 
was kept hidden, even in circumstances when revealing 
its presence did not seem significant. Furthermore, Ner-
vi proposed to sandblast the concrete of the frames to 
enhance the surface texture, a treatment he had recently 
used for the UNESCO site in Paris (designed by Marcel 
Breuer and Bernard Zehrfuss). Nervi advised CONI: “the 
purpose of blasting was not to clean the surfaces of the 
reinforced concrete […] but to highlight the formwork 
design by removing the grout veil on the treated surfac-
es that made them uniform. In fact, all the exposed re-
inforced concrete works carried out before sandblasting 
was adopted, having remained rough as after disarming 
and without any treatment, have clean but less lively sur-
faces than those sandblasted at the Flaminio Stadium” [5].

The areas under the stands (dressing rooms, swim-
ming pool, and gyms) followed the geometry of the 
cavea, developing in a continuous ring that occupied a 
strip of the covered area. Purposely, therefore, the ge-
ometry of the spaces did not come into conflict with the 
geometry of the structure. Even the walls were subtle, 
almost neutral, spreading out in single surfaces, which 
unequivocally showed their secondary role as infill for 
the spaces between the frames. The same can be said of 
the windows that, in the form of large windows or strips, 
always developed from one frame to another (Fig. 9). 
This planning can also be seen in the details (always very 
simple, apart from some elements such as the steel stair-
case of the swimming pool) and fell within the estab-
lished construction tradition of those years, which drew 
on repetitive solutions with a limited number of variants.

The Flaminio Stadium is an example of the “costruire 
correttamente” pursued by Nervi, that identified a stat-
ic-construction system, which then became the heart of 
the project. This way of working led to an “essential” 
architecture which is apparent in most of Nervi’s work, 
and bases its value on the economy of forms and, when 

In May 1958, Nervi developed an apparently slight-
ly different solution in which the static structure of the 
roof was more clearly expressed. It entrusted the trac-
tion induced by the inclined strut to a reinforced concrete 
tie-beam, separated from the roof, which behaved like a 
simple resting structure (Fig. 8). It was a brilliant solu-
tion that was reproduced in the Swindon Stadium project 
(1963-66).

4. “COSTRUIRE CORRETTAMENTE”

The site set up by Nervi for the construction of the 
load-bearing structures used a hybrid construction pro-
cess that saw the coexistence of structural components 
made on site of prefabricated elements, and of finishing 
parts (made in situ) for the margin of the cavea (crown-
ing of the stand, lower ring, border of the vomitoria). The 
immediate goals, unavoidable for a construction compa-
ny such as Nervi & Bartoli, were certainly those of re-
ducing construction cost and time. However, in the case 
of Nervi, these aims were not separated from the need to 
obtain a convincing formal result. Indeed, for Nervi, the 

Fig. 8. The west grandstand.
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5. CONCLUSIONS

The structural prefabrication site that Nervi set up for the 
Flaminio Stadium was not dissimilar to those used in oth-
er projects. Only an experienced and well-tested firm like 
Nervi & Bartoli could have undertaken such an enterprise 
that was not − at least for the variety of prefabricated piec-
es to be prepared − comparable to others. It was essential 
that the firm, in order not to risk increasing the cost and 
lengthening the construction time (already limited), care-
fully planned out the form and specific components of the 

necessary, the materials that show with truthfulness and 
sincerity the way it was built, which is the case of the 
Stadium.

Ultimately, one could describe the Flaminio Stadium 
in the terms Nervi used to describe the requirements that 
an architectural work must possess: “it must be a stable, 
unified, resistant organism, in accordance with its envi-
ronment and with the functions that it must perform, bal-
anced in all its parts, clear in its support structures and its 
technical elements, and at the same time capable of giv-
ing that indefinable emotion that we call ‘beauty’” [6].

Fig. 9. Guidelines: axonometric view of west grandstand (authors’ drawing).
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dium better known and an operational tool for the imple-
mentation of the conservation project.

In particular, the study recognizes the grandstands as a 
unitary body which despite their present “fragility” must 
be preserved, not only in appearance but also in their orig-
inal form, as an authentic testimony of the specifically 
devised and unique construction system. Consequently, 
the guidelines for the supporting structures provide not 
only for the restoration of the Stadium’s original features, 
eliminating the additions and all the subsequent cladding, 
but also for the philological restoration of the prefabricat-
ed elements (still largely present), and the integration of 
those that are missing or severely deteriorated. This “fun-
damentalist” position did not, however, prevent us from 
recommending a preliminary solution for one of the most 
severe construction problems − that of the rainwater col-
lection and disposal − which allowed for effective, revers-
ible, supplementary or replacement technical solutions (if 
more effective) than those identified by Nervi.

building to be used together with a thorough study of both 
the manufacturing methods and the assembly of the parts. 
Only Pier Luigi Nervi could have taken on and managed 
such a demanding undertaking.

Today the Stadium is abandoned, and its future is un-
certain. The reconstruction of the phases of the project, 
which include: the construction site, the analysis of the 
original physical structure of the Stadium (for example, 
those relating to the terraces and the canopy), and the 
analysis of the subsequent additions are indispensable 
steps in formulating the conservation plan. This is the 
objective of the research project within which our study 
is placed.

In the guidelines, the analysis and project planning 
documents relating to the individual building parts are 
flanked by drawings of the “parts”, necessary to clearly 
describe the architectural and construction specifics of 
the Stadium (Fig. 12). These two documents are both a 
concise tool for making the defining elements of the Sta-

Fig. 10. Guidelines: detail of the original state between frames 51 and 53 (authors’ drawing, with D. Chiarello and T. Valentini): 01. Exposed concrete 
frame - 02. Exposed concrete edge beam - 03. Exposed concrete beam - 04. Precast concrete seat - 05. Precast concrete riser - 06. Hollow brick and 
concrete floor - 07. Concrete floor - 08. Low hollow brick and concrete floor - 09. Tuff stone wall - 10. Brick wall - 11. Perforated brick wall - 12. Concrete 
layer - 13. Drainage layer - 14. Travertine slab floor - 15. Gres tiles floor - 16. Concrete tile floor - 17. Rubber floor - 18. Rough travertine slab cladding 
- 19. Small travertine plank cladding - 20. Plaster - 21. Suspended ceiling - 22. Window with ‘ferrofinestra’ frame - 23. Steel mesh grate - 24. Steel gate 
- 25. Steel railing - 26. Steel handrail - 27. Safety glass plate - 28. Travertine slab - 29. Plywood door - 30. Asphalt layer - 31. Perforated brick screen - 32. 
Travertine edge - 33. Interspace.
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ITALIAN BUILDING MODELS IN THE 1950s. 
THE AGIP MOTELS

1. INTRODUCTION

The second post-war period is rightly defined by histo-
rians as a new “golden age”, as these were years of “ex-
traordinary economic growth and social transformation, 
which probably modified human society more deeply 
than any other period of similar duration” [1].

This quote is particularly appropriate for the Italian 
context, where there was a period of rapid economic 
growth between the 1950s and 1960s, which substantial-

ly changed the Italian panorama; Italy was transformed 
from a country with a predominantly agricultural econo-
my into one of the main industrial powers in the western 
world.

After the Second World War, the Italian demographic 
trend experienced a long period of growth, at least until 
the beginning of the seventies, when a stabilization oc-
curred. From an economic and productive point of view, 
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An important chapter of Italian construction in the 1950s was the assets 
of the Agip Company, later ENI, which began to build a dense network 
of petrol stations along the main Italian roads, accompanied by motels 
intended for the rest of travelers. Among these, there were many unique 
works never replicated, but there was instead a recurring type, called Mod-
el 59, which was re-proposed in at least 35 Italian sites. From the study of 
this type of building, we can understand how reinforced concrete build-
ings were built in the 50s, then formulating hypotheses on how we can 
intervene today to improve its behavior from a structural point of view.
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The paper deals with the performance characteristics of the Model 59 of 
the Agip motels, which is highly representative of the Italian construction 
during the economic boom of the 1950s and 1970s. A large-scale study has 
pointed out the position and the current state of all the fifty Agip motels 
designed and built between 1954 and 1970, thanks to a precise archival 
and digital research. Among these, the most common was the Model 59, 
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struction type.
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for the first time, in 1958, the number of employees in 
industry exceeded the number of employees in agricul-
ture, following a process that allowed Italy to become a 
predominantly industrial country. With the reduction of 
agricultural activities, the production system and social 
relations based on the predominance of the human work-
force were gradually abandoned, assisting the spread of 
machines and industry. 

Industrial production was driven by the metalworking 
industry and the petrochemical sector; within this frame-
work, in 1953 the Ente Nazionale Idrocarburi (ENI) was 
established with the presidency of Enrico Mattei, a key 
figure in post-war Italian history, whose actions left tan-
gible signs for the development and economic recovery 
of the country [2, 3].

In 1945, Mattei was commissioned to liquidate AGIP 
(Azienda Generale Italiana Petroli), the Italian public oil 
company founded in 1926. However, Mattei opposed this 
liquidation and, instead of closing the company, he re-
launched it; he opened new petrol stations and inaugurated 
a network of motels with the first petrol stations. Later, he 
promoted a drilling campaign in the Po Valley, which led 
to the discovery of methane deposits. Within a few years, 
these made ENI a holding company at the head of a varied 
industrial empire, with ramifications also in the produc-
tion of synthetic rubber, fertilizers, and gas tanks.

2. THE NETWORK OF AGIP MOTELS

The construction of the so-called Sun Motorway (Auto-
strada del Sole) began in 1956 and it was completed in 
1964 [4]; in these years, Enrico Mattei decided to start 
the ambitious project of a complex network to support 
this infrastructure and, in the 1950s, he started the con-
struction of a series of service stations, which had to be 
attractive for travelers.

The design of these service buildings was based on 
the uniformity of the adopted techniques to make them 
recognizable throughout the territory thanks to the pro-
posal of solutions that preserved the same characteristics 
everywhere, from the external appearance to the interior 
furnishings. The areas had to be always arranged with 
the same sequence and the rooms had to be organized 
with the same internal structure, in order to arouse a 

sense of hospitality and familiarity in travelers. The lo-
cation covered almost the entire national territory, along 
the state, provincial roads, and highways of small and 
large cities [5, 6]. 

The petrol stations included mechanical workshops, 
a washing area, large squares, and spaces for parking 
trucks; often there were also rest stops with bars, restau-
rants, and hotel facilities. These were called Motel Agip.

The building typology of the motel (abbreviation for 
Motor Hotel) was born in America, where traveling dis-
tances were so long to make regular stops necessary. In 
the United States, famous architects gave their contribu-
tion in this sector, but a real architectural language has 
never developed with precise and recurring characteris-
tics. Mattei had made several trips to the United States 
and he knew this situation; therefore, he decided to im-
port it in Italy, but adding his personal intuition, mak-
ing recognizable the motels in his chain, thanks to their 
replication with the same characteristics throughout the 
national territory.

So, starting from 1954, the Agip Company started an 
intense program for the construction of motels on owned 
lands along the main roads throughout Italy [7]; the pur-
chase of these areas was assessed on the basis of careful 
studies, which analyzed the car flows, the distances from 
highways and the amount of long-distance traffic related 
to that location.

The motels were located along the main roads of the 
national territory, in the capital cities and sometimes 
even along the highway itself, as is the case of the Agip 
motel in Modena, which was accessible both from the 
highway and from the city.

By the end of 1962, Agip already had more than thirty 
motels; despite the death of the inventor, Enrico Mat-
tei, the project was later carried out by his successors, 
so that today we can count fifty hotels throughout Italy, 
that were born as Motel Agip. Six Agip Motels were also 
built abroad; in the late 1950s, following the choice of 
ENI to internationalize, a motel was built in Kenya, one 
in Tanzania, one in Madagascar, three in Ethiopia and in 
the Ivory Coast.

ENI maintained the petrol stations management, as well 
as the Agip Motels and the meal services, until the 1990s, 
when the company was forced to divest all facilities.
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ter an initial project drawn up by Mario Baciocchi, which 
was not approved due to the lack of adaptation to the land-
scape and to the local style, the assignment was entrusted 
to Gellner, who was also the designer of the ENI tourist 
village near Cortina. The designer adopted an individual 
and contemporary language; the building was supported 
by a reinforced concrete load-bearing structure with ex-
ternal walls covered with wooden planks, and the ground 
floor was set back so as to leave the structure visible.

In the following years, Mario Baciocchi [9] designed 
the motels of Bolzano and Voghera, dating back to 1962, 
which respected the architectural references of the area 
instead of those designed as a distinctive image of ENI.

Most of the subsequent projects were instead managed 
by the engineers of SNAM Progetti [10], the leading en-
gineering company in the sector of design and construc-
tion of large onshore plants (such as refineries, pipelines, 

Nowadays, in some cases, the motels have been sold 
to private individuals while maintaining the same hotel 
function, or have changed use, or have been abandoned.

3. SOME UNIQUE PROJECTS

The design of the first Motel Agip in Italy was entrusted to 
the architect Mario Bacciocchi, who conceived the Motel 
Agip in Metanopoli in 1954. The motel was preceded by a 
courtyard, which was bordered by a narrow colonnade on 
one side and a stone-clad building on the other. The build-
ing had a three-story reinforced concrete frame structure 
and it was coated in wood and covered by a pitched roof, a 
recurring element in Baciocchi’s architecture.

Between 1954 and 1956, Edoardo Gellner’s motel was 
built in Cortina, who was in charge of drafting the city 
Master Plan for the 1956 Olympic Winter Games [8]. Af-

Fig. 1. The Agip Motels of Metanopoli, Bolzano, Cortina, Modena and Pisticci.
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A further singular case was entrusted to the architect 
Enrico Fattinnanzi, who designed the Motel Agip in Du-
ino Aurisina in 1967, with such a conformation to make 
it unique, located in a green area and mainly horizontally 
extended.

4. THE DESIGN SCHEME OF THE “MODEL 59”

At the end of the 1950s, Enrico Mattei, with the support of 
SNAM Progetti’s engineers, decided to design a “typical” 
model for his motels to be re-proposed throughout Italy 
with the same characteristics; it was called “Model 59”.

The main purpose was to create a simple and effec-
tive architecture that would become the symbol of Agip 
and that would be recognizable, where the traveler could 
find a familiar and welcoming resting place, regardless 
of the city where he was.

The configuration of the “Model 59” consisted of a 
rectangular plan, with a variable number of spans ac-
cording to the flow of travelers that were expected, and 
consequently the need for accommodation.

It was rigidly organized on a basement floor that 
housed thermal plants and machinery; the ground floor 
included the common services, such as the restaurant, 
the reception room, and the conference rooms; the upper 
floors were dedicated to the bedrooms and the attic floor 
housed the motel manager’s apartment.

From an architectural point of view, the “Model 59” 
was formally very simple and made with low-cost mate-
rials, in order to devote more attention to internal details 
(Fig. 2).

and environmental activities in the hydrocarbons field) 
belonging to the ENI group. Between 1950 and 1965, 
SNAM Progetti was responsible for the design of the 
Agip service stations, the Ristoragip and the Agip Motels. 

There were, however, some exceptions; singular cas-
es were commissioned to the trusted architects of Enrico 
Mattei, Ugo Ratti and Marco Bacigalupo, who designed 
original and atypical solutions, still functional and well 
recognizable today (Fig. 1).

In fact, in the early 1960s, the architects Ratti and Baci-
galupo designed the Agip Motel in San Donato Milanese 
[11, 12] with a 14-story reinforced concrete frame struc-
ture, which still functions as a hotel, and the similar Agip 
Motel in North Florence, in Sesto Fiorentino. In Matera, 
instead, there was the Motel Agip of Pisticci, an interest-
ing construction carried out in 1964 and now abandoned. 
It is one of the most elegant solutions that the Bacigalupo 
and Ratti studio has ever designed for ENI; it is a two-sto-
ry building, with a reinforced concrete frame of three 
levels and with a large planimetric extension, which rests 
on pilotis and uses the space below as a parking lot. The 
distribution system is located outside the building so the 
rooms are not accessed from inside the building, but from 
the outside, through a path hidden by a system of slats that 
regulate the entrance of the sun rays.

More recent are the projects dating back to the ear-
ly 1970s for the Agip Motel in Modena, with a height 
of nine floors, which today was decommissioned after a 
fire; similar buildings were in Pescara, with an extension 
of five floors and still functional, and in Vicenza, which 
was demolished in 2008.

Fig. 2. Façade organization of the Model 59 (graphic elaboration by Greta Casi).
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other Italian cities, confirming Mattei’s desire to create 
a type to be proposed repeatedly throughout Italy with 
small variations, linked to the localization area and the 
flow of cars.

The Agip Motel in Bologna was built in 1959 in the 
Borgo Panigale area, along the SS9, now called Via 
Emilia Ponente, the road connecting Bologna to Mode-
na. It represents a standard case of “Model 59”, without 
substantial variations if compared to the basic type. The 
lot, carefully chosen and purchased by Mattei himself, 
was located in a strategic position, as it is not far from 
the motorway junction and always traversed by vehicu-
lar traffic. 

The first documents of the project date back to 1959 
and represent the motel with the adjacent service station, 
built a few years earlier. One of the characteristics of 
“Model 59” was the constant presence of the service sta-
tion facing the road next to the motel, to allow travelers 
to refuel and to stay overnight.

The building had a rectangular shape, simple and ef-
fective for a rational internal distribution, with a plani-
metric footprint of about 15x30 m. It stood on seven 
strictly organized levels: the basement housed areas that 
were accessible only to personnel, such as engine rooms, 
warehouses, thermal plants, laundry, and toilets for em-
ployees. The ground floor was divided into spaces for 
common use, such as the restaurant, the entrance hall, the 
waiting room, and the customer toilets; the first, second, 
third and fourth floors housed exclusively the bedrooms 
and, finally, the attic floor was intended for the direc-
tor’s residence, plus any service rooms for the employees 
(Fig. 4). 

Externally, the Agip Motel in Bologna replicated the 
image of the similar models, with the reinforced concrete 
frame left visible, brick infill walls painted in a neutral 
color, two-door windows that underline the vertical scan 
of the facades. Only the attic floor had larger windows. 
Like every “Model 59”, in addition, the attic was sur-
rounded by a reinforced concrete canopy that supported 
the large white and yellow “Motel Agip” sign. The exter-
nal stairs were also in reinforced concrete and completed 
by a glass parapet.

As already mentioned, the load-bearing structure 
consisted of a reinforced concrete frame, with pillars 

It adopted a reinforced concrete frame structure, ar-
ticulated on three, four or five levels, with pillars at a 
regular distance of 3.30 m, brick infill and a base with a 
stone cladding for the ground floor.

All the “Model 59” had in common a particular con-
struction placed at the top of the building, a sort of can-
opy with a flat roof that followed the external perimeter 
and where the large “Motel Agip” sign was positioned.

The accurate archival investigation, conducted 
through the exploration of the ENI Historical Archive of 
Pomezia, in addition to an extensive digital research, has 
allowed to find out the location of all the Agip Motels on 
the national territory and to recognize the thirty-five still 
existing “Model 59”. Some of them are still functional, 
others have been abandoned and others have undergone 
radical transformations (Fig. 3).

5. THE “MOTEL 59” IN BOLOGNA

The characteristics of the “Model 59” in Bologna find a 
perfect match with the motels of the same model built in 

Fig. 3. Distribution of Agip motels in Italy; in blue, Model 59. 
It should be noted that in Sicily and Sardinia, the present Agip motels 
were all from Model 59.
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The “Excelsior” type of floor was widely used 
around the mid-1950s because it was useful for many 
reasons: it had a high rigidity, due to the collaboration 
between concrete and brick; it was quick and simple to 
build; it was efficient, since at the extremes where the 
bending moment was negative, it was possible to over-
turn the hollow blocks by placing the slab downwards 
so as to absorb the compression efforts, without there-
fore adding special elements; it was relatively light, 
thus allowing a decrease in the floors’ own load. It was 
produced with a thickness of 12, 15, 18, 22 cm and the 
ribs had a width equal to 6 or 8 cm, with a weight be-
tween 110 and 200 kg/m2.

at a 3.30 m distance and with dimensions varying from 
45x40 cm maximum in the basement to 30x30 cm mini-
mum in the attic floor.

The foundations were made with type 500 cement and 
smooth type Aq 42 rods, while for the elevation struc-
tures, type 680 cement and TOR bars were used. The 
floors were of the so-called “Excelsior” type, a partic-
ular hollow-brick floor produced since the 1930s by the 
Rizzi, Donelli and Breviglieri Company [13–15]. This 
type of floor was cast in place and had only parallel ribs, 
with the compression slab made of brick and not of re-
inforced concrete; it was generated by the hollow-brick 
upper conformation.

Fig. 4. The “Model 59” in Bologna. Images of the exterior and interior spaces in the 1960s.
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6. THE STRUCTURAL BEHAVIOR OF THE 
“MODEL 59”

Once the construction characteristics of the building were 
analyzed, the current performance in terms of earthquake 
response was estimated through the use of finite element 
modeling software.

First of all, the critical aspects of the structure were 
identified [16]; these are the recurring vulnerabilities 
that we can detect in existing buildings that have been 
designed without regulatory requirements in terms of 
earthquake resistance, with lower quality materials 
than the current ones and with reduced mechanical 
characteristics for the application of the necessary re-
duction coefficients due to the lack of specialist inves-
tigations.

The analysis has therefore shown that, at present, 
30% of the vertical elements are verified for shear and 

For the Agip motel in Bologna, “Excelsior” floors 
with two different thicknesses were used: 22 cm for the 
ground floor, the first floor and the attic floor; 18 cm for 
the intermediate floors and the flat roof (Fig. 5).

The nearby petrol station was also a model to be 
similarly proposed on all highways and state roads; it 
was also called 59, as it accompanied Motel 59. It had 
a single floor, hosting the workshop and car washing 
area, too. The external finishes were very simple, with 
exposed brick infill walls and a slightly protruding rein-
forced concrete roof.

In 1989, an expansion intervention was implement-
ed on the Agip Motel of Bologna, with the construction 
of a new block having similar size and adjacent to the 
existing one, also carrying out an overall transformation 
of the facades. In 1992, together with other seventeen 
motels, the building was then sold to a private company, 
which maintained the hotel function.

Fig. 5. Structural plan of the first floor (graphic elaboration by Greta Casi).
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pacities of the building as a whole, and local operations 
only on the residual vulnerabilities, with targeted and lo-
calized interventions.

Following this principle, the reasoned insertion of 
new reinforced concrete walls that support the frames in 
resistance to horizontal actions and the reduction of dis-

buckling, and only 11% of the beams are verified for 
shear and bending moments (Fig. 6).

With the aim of maximum compatibility and mini-
mum invasiveness of the improvement interventions 
[17], the proposed strategy envisages the execution of 
works which are capable of increasing the resistant ca-

Fig. 6. Not verified structural elements by shear, buckling and bending moment.
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braced, considering the local instability phenomena of 
the compressed elements and trying to favor a collapse 
due to the yield stress of the tense elements [21].

The aim is to add rigid and resistant elements which 
are capable of absorbing the seismic action and relieving 
the most vulnerable elements, such as reinforced con-
crete beams and pillars, while not drastically transform-
ing the structural behavior. However, this strategy can 
induce considerable additional stresses in the structural 
nodes, which often require punctual reinforcements in 
order not to generate local collapses. It is possible to re-
duce excessive axial forces between the bracing system 
and the reinforced concrete frame by creating an internal 
counter-frame connected along the perimeter, thus ensur-
ing the adequate transmission of the stresses and avoid-
ing their concentration in the nodes.

From the distribution point of view, the steel stiffen-
ers are suitable for buildings where the maintenance of 
the current use of free and open rooms is necessary, as 
is the case on the ground floor of the Agip motel, where 

placements was assessed. This allows a high increase in 
rigidity, given to the entire structural system [18].

A second possibility aimed at improving the seismic 
resistance capacity is constituted by the insertion of steel 
reinforcing braces within the structural spans of the re-
inforced concrete frame [19]; this strategy appears to be 
the most appropriate intervention for frame buildings 
with pillars of reduced cross-section, which are slender 
and flexible, and allows to reduce the construction times 
if compared to the integration of new reinforced concrete 
elements [20]. The braces are added to the pre-existing 
structural scheme in a less invasive way than the shear 
walls; in fact, while for the latter it is also necessary to 
create a new foundation, with steel braces this is not nec-
essary, as they are connected with joints to the pre-exist-
ing structure, ensuring a remarkable simplicity of con-
struction.

One aspect to be carefully evaluated for this type of 
intervention, however, concerns the more complex de-
sign of the stiffening structure, which must be correctly 

Fig. 7. In blue, on the left: the proposed arrangement of the steel braces on the ground floor and standard floor plan; on the right: the arrange-
ment of the steel braces in elevation.
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When it is necessary to intervene on existing build-
ings with a reinforced concrete frame that has been de-
signed for static loads only, the resistant structural system 
generally consists of frames organized in one direction 
only and with the lack of connecting beams between the 
frames. The connection is carried out only through the 
floors, which do not have the proper stiffness charac-
teristics due to the absence of the load distribution slab. 
This structural concept is unsuitable for seismic actions 
and requires interventions in order to make an adequate 
bracing system for horizontal actions in both directions.

In order to achieve the maximum compatibility and 
the minimal invasiveness of the improvement interven-
tions, the most appropriate strategy is the execution of 
global actions, able to increase the resistant capacities 
of the building as a whole, and operating locally only on 
the residual vulnerabilities with localized interventions.

This includes the choices to integrate the existing 
structure with new stiffening systems with reinforced 
concrete walls, but also the insertion of metal bracings, 
much more suitable if the original structure is equipped 
with vertical elements having a reduced section and high 
flexibility.

the restaurant is located. The insertion of cross braces in 
the portions that do not need to remain open, together 
with K braces in the free portions, allows to achieve a 
regular distribution of the stiffening elements, without 
substantially altering the usability of the internal spaces 
(Fig. 7 and Fig. 8).

7. CONCLUSIONS

The reconciliation of performance improvement with 
the requests related to the protection of buildings as ev-
idence of the built heritage of the 20th century is a com-
plex activity, which requires the search for a balance be-
tween conservation and future interventions, in a close 
relationship between the will to ensure continuity of use 
and fulfillment of performance requirements related to 
structural safety.

Abandoning the idea of   defining an intervention 
project simply on the application of codified rules, as 
happens for new buildings, the knowledge of the con-
struction characteristics of this heritage must guide the 
choices, with quantitative assessments to be used as sup-
port tools in order to acquire a deeper awareness.

Fig. 8. Hypothesis of localized interventions for residual vulnerabilities.
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DESIGNED FOR MACHINES. 
ITALIAN BRIDGES AND VIADUCTS  
(1965-1990)

1. INTRODUCTION

Within the SIXXI project, currently in progress at the Uni-
versity of Rome Tor Vergata, (ERC Advanced Grant, PI 
Sergio Poretti, Tullia Iori - www.sixxi.eu), aiming to re-
construct the history of structural engineering in Italy in 
the twentieth century [1], one dedicated research has been 
focused on understanding how and why, in Italy, after the 
completion of the “Autostrada del Sole”, the infrastructure 
construction sector underwent a deep transformation [2]. 

The attention was therefore focused on the introduction 
of new technologies in bridge and viaduct construction sites, 
starting from the mid-1960s, which, in addition to guaran-
teeing considerable time savings, allowed labour savings for 
the construction of deck structures. These were, to a large 
extent, methods imported from abroad. Also for this rea-
son, to tell the story of infrastructure construction in Italy in 
those years, one cannot help but look beyond borders. 
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building fervour dissolved the identity of the Italian School of Engineer-
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it makes it possible to “hold” the deck in balance, sus-
pended in the void, supporting it from the abutments.

Dywidag immediately applied the system for the 
62-metre span bridge over the Lahn (1950-1951) in 
Balduinstein. The bridge cantilevered from the two abut-
ments at the rate of one “ashlar” per week. In each ashlar, 
which is three metres long, the threaded rods, produced 
by the same company, pre-stressed the concrete by com-
pensating the bending moment generated by the cantile-
ver configuration until the central ashlar was built.

The technique proved to be particularly efficient. In 
just a few years, Dywidag proposed it again for increas-
ingly demanding works and between 1962 and 1964 built 
by means of this technique the 208 metres-span Bendorf 
Bridge over the Rhine (Fig. 1). In Europe, a real cloning 
phenomenon of the “Dywidag bridges” was triggered. 
They were built in Austria, Norway, Holland, and Swe-
den, also thanks to partnerships with other companies 
and the sale of the use of the patent (Fig. 2).

From the beginning of the 1960s, other European com-
panies also began to exploit the cantilever method, also 
called, in French words, “peau-à-peau”. The object of the 
German patent, on the other hand, was not a specific ma-
chine or technology, but rather a constructive process that, 
therefore, any company could reinvent by adapting the 
different pre-stressing systems commercially available.

In Italy, some engineers began to experiment with the 
new technology, convinced that the pre-stressing of con-
crete mix is the winning weapon to challenge steelwork.

Riccardo Morandi, for example, chose the “peau-à-
peau” method for the bridge over the Polcevera, whose 
construction site began in 1961. By using his own patent 

By aiming to understand the international framework, 
a general survey has been carried out using the techni-
cal literature of the time and some more recent studies 
such as [3] and [4], enriched by some investigations on 
the archives of foreign companies and public bodies. To 
analyse the construction of Italian works, the explora-
tions on the archives with which the SIXXI team had 
already established valuable synergies for studies on the 
history of structural engineering, were combined with re-
search on other documentary and photographic archives, 
of companies and designers chosen among those most 
involved in the use of advanced technologies on national 
construction sites.

The contribution reconstructs the evolution of the 
various systems introduced in the construction sites, 
from the presentation of industrial patents to the first 
experimental applications abroad and then by national 
designers and companies, to examine what impact it had 
on the production of Italian engineering.

2. CLONE EFFECT

On July 6, 1950, Ulrich Finsterwalder, an engineer at the 
company Dyckerhoff & Widmann AG (Dywidag) and 
an expert in pre-stressing reinforced concrete, present-
ed an innovative patent, No. 4931, in West Germany for 
the construction of “highly stressed reinforced concrete 
load-bearing structures, particularly in the form of bridge 
constructions”. In the patent, the pre-stressing induced 
in concrete with post-tensioned reinforcement is exploit-
ed within a new construction process that allows doing 
without the traditional type of temporary works. In fact, 

Fig. 1. Dywidag, Italian patent n. 476948, “Procedimento per la costruzione di ponti con grandi distanze fra gli appoggi, in cemento armato”, June 
30 1951 (Archivio Centrale di Stato, Rome); Bendorf bridge under construction.
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the very crowded ones on the Autostrada del Sole, a few 
years earlier.

An analysis of the project’s prices reveals [6], any-
way, the considerable impact, on the cost of the works, 
of dismantling the equipment from a pile, transporting it 
down, pulling and reassembling it on the next pile: the 
problem stimulated the search for even more convenient 
solutions, as will be seen hereinafter.

Outside the country, also the less famous Italian engi-
neer Alfredo Passaro decided to test the free cantilever, 
using it for the Shambat Bridge over the Nile in Khar-
toum, Sudan (1962-1965) [7]. With the Recchi Compa-
ny, however, Passaro chose the Freyssinet pre-stressing 
system, and the firm purchased directly from STUP – the 
company founded by the French engineer – the sliding 
formwork for casting the ashlars.

After the first experiments, the “free cantilever” sys-
tem, particularly suitable for spans of over 70 meters and 

for the pre-stressing of harmonic steel wires, the method 
allowed the girders to be supported without ribs, so as 
not to interrupt the traffic of the railway park below, until 
the girder, almost complete, could finally be anchored by 
the final tie rods [5].

Silvano Zorzi also explored the possibilities of the 
technique, applying the Dywidag patent to the viaducts of 
the Genoa-Sestri Levante motorway that cross the Nervi, 
Sori and Veilino torrents (1963-1965). The bridges have 
spans ranging from 70 to 100 metres and reach an altitude 
of 100 metres at the bottom of the valley, being three of the 
highest built with the original Dywidag system. The Au-
tostrade Company’s projects initially included sequences 
of parabolic arches, but the Superintendence of Liguria re-
jected the solution because of its impact on the landscape.

The cantilever system, therefore, convinced Zorzi, in 
charge of the new executive design, for the low rate of 
workforce required, evident if this site is compared to 

Fig. 2. Scheme of the evolution of bridges built by the Dywidag cantilever system between 1950 and 1967 (“Dywidag Berichte”, 4, 1967).
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tioned three-hinged arch structure, and the viaduct over 
the Gorsexio stream for the Voltri-Alessandria motorway 
(1971-1978), where he completely redefined the rela-
tionship between the girders and the supports, thanks to 
the introduction of lamellar piles at the top [11].

3. BRIDGES AND CONSTRUCTION SITES 
IN MOTION

In the 1960s, construction companies began to master 
the new cantilever technique. This extended the bridge 
spans that could be built without using the arch, now an 
illustrious pensioner. The all-steel solutions, traditionally 
not part of the Italian construction site, were chosen for 
the execution of exceptionally demanding works, such 
as the viaducts on the Lao (1964-1970) and the Sfalassà 
(1970-1972) of the Salerno-Reggio Calabria motorway. 
The simpler crossings, with smaller spans, less than 45 
metres and spread over all the sections, became the pre-
ferred field of application for prefabricated decks, almost 
exclusively pre-stressed, in the version of the isostatic 
truss on two supports.

Soon, however, engineers and construction compa-
nies began to notice the monotony and some inefficiency 
of traditional prefabricated solutions. The former tried 
to avoid the boring image of the infinitely repeated tri-
lithon, while construction firms studied ways to reduce 
operations on-site and speed up the production of com-
ponents, in the workshop or worked on-site to set then in 
place [12].

One of the most extravagant attempts was the applica-
tion of the bridge launching method [13]. The idea, born 

up to 200 meters, was successful in the typical field of 
application of the arc solution. The cantilevered bridge, 
with its characteristic beam shape with a variable sec-
tion, with a curved intrados that indicates the origin 
of two shelves, thus became the leitmotiv in the most 
demanding crossings of the Italian motorway network, 
of which, since 1964 and in about ten years, more than 
5,000 kilometres were built [8]. On the many new motor-
ways and expressways, the structural engineers most ex-
perienced such as Amedeo Gervaso [9], Alfredo Passaro, 
Lino and Bruno Gentilini and Giorgio Belloni, as well as 
Zorzi and Morandi, designed bridges with the cantilever 
system, with ever-increasing spans.

In the absence of originality, all the projects seem to 
speak a single, foreign language, conditioned by the con-
struction system (Fig. 3). The glorious Italian School of 
Engineering [1], suddenly, looks like it was in difficulty 
and struggling to express the identity that distinguished 
it during the years of Reconstruction and the economic 
miracle.

Exceptions are some attempts to customise the prod-
uct, for example by modifying the look of the piles, with 
specially designed variants of self-erecting formwork 
systems, as in the Colle Isarco viaduct on the Brenner 
Motorway [10], designed by the two Gentilini brothers, 
or by emptying the lower slab of the girder, as Zorzi 
did in the Bisagno viaduct (1966-1967). Among the at-
tempts of the Paduan engineer to preserve the identity 
of the School, two works certainly stand out: the bridge 
over the Tagliamento at Pinzano (1968-1970), where the 
initial cantilevered configuration adopted during con-
struction was finally transformed into a perfectly propor-

Fig. 3. Ferrata Viaduct at Cineto Romano, Rome-L’Aquila motorway, A. Gervaso, 1969-1970. San Cosimato Viaduct on the river Aniene, 
Rome-L’Aquila motorway, A. Gervaso, 1969-1970 (Amedeo Gervaso Private Archive, Lugano); Incoronata Viaduct at Polla, Salerno- Reggio 
Calabria motorway, A. Passaro, 1967-1968 (Alfredo Passaro Private Archive, Napoli).
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Italian companies soon became curious about the sys-
tem, as demonstrated by Del Favero’s construction of the 
bridge over the Semorile ditch on the Genoa-Sestri Le-
vante motorway (1967-1968), designed with the advice 
of the Hungarian engineer Thiamér Koncz (Fig. 5). How-
ever, despite the low rate of labour required, the modest 
installation costs, and the apparent simplicity of the pro-
cedure, the spread of the method was not “viral” [2].

The most important attempt to identify alternatives 
to prefabricated systems for the construction of bridge 

in the field of steel construction, is simple but was used, 
for the first time, in the project of a pre-stressed concrete 
bridge only in 1961 in Venezuela, by Fritz Leonhardt, 
Wolfhart Andrä and Willi Baur, for the crossing of the 
Rio Caroni (Fig. 4).

The system was then perfected in the construction of 
the Innbrücke at Kufstein in Austria (1966-1969), be-
coming “incremental”, as the casting of ashlar was alter-
nated with an advance of equal length of the cast girders, 
with a considerable reduction of the necessary site space.

Fig. 4. F. Leonhardt, the bridge on the Caroni River, scheme of the launching [13]; construction site.

Fig. 5. T. Koncz, German patent n. 1658607, 1967 (European Office Patent Archive). Del Favero Company, the bridge over the Semorile ditch.
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long viaduct, developed up to tens of kilometres, whose 
proportions remain difficult to perceive. The viaduct 
was used as an urban overpass, to solve traffic prob-
lems, and as a substitute for the embankment on ex-
pressways. In cases where the project foresees many 
spans of constant width, not exceeding 50 metres, the 
use of the self-launching falsework was effectively 
competitive [15].

The one who interpreted the use of these sliding ma-
chines in the most refined way was Zorzi, which always 
used the most up-to-date technology to guarantee com-
petitiveness to its design proposals [16, 17].

In those years, he was looking with interest at the 
very efficient German falseworks and to the mush-
room-shaped viaducts made with a new type of trans-
lating device, patented by Dywidag and used by Fin-
sterwalder, for the first time, in the viaduct over the Elz 
valley between Kehrig and Kaifenheim [18].

The “Dywidag type” machine allowed the formwork 
to be shaped freely, hanging from the metal ribs sur-
rounding the casting square (Fig. 6). Zorzi used it, at the 

decks, however, is certainly the one that exploited the 
potential of the self-launching falseworks, machines that 
make it possible to move the formworks for the casting 
of decks, without interruption, at height and without tem-
porary supports, from one pile to the next.

The German company Polensky & Zöllner and the 
Austrian one Strabag, who won important contracts in 
West Germany, made the use of these machines system-
atic in Europe at the beginning of the 1960s. After the 
construction of the first viaducts with this technology, 
however, it became clear that work-planning strategies 
had to be implemented to optimise the use of this ex-
pensive equipment. In order to amortise the costs in-
curred, it was necessary to reuse them on average on 
at least four construction sites [14]. Obviously, this af-
fected the design of the viaducts: the more similar and 
standardised they were, the easier it was to reuse the 
equipment.

In Italy, meanwhile, the protagonist in infrastructure 
projects was no longer the bridge – an object completed 
and placed on the single crossing – but the long, very 

Fig. 6. U. Finsterwalder, Dywidag, viaduct on the Elztal between Kehrig and Kaifenheim, Germany, 1964-1965, view during construction and 
scheme of the self-launching falsework.
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The most elegant and at the same time spectacular re-
sult, however, appears today the viaduct over the Teccio, 
for the doubling of the Turin-Savona motorway (1973-
1976). On a sequence of very high piles, made transpar-
ent thanks to the expedient of the lamellar supports al-
ready used in the viaduct over the Gorsexio, the machine 
was launched at dizzying heights and drew a very thin 
pre-stressed ribbon (Fig. 8).

Zorzi then tested the system on a large scale in the 
third mainland bridge over the Lagos Lagoon (1976-
1980), in Nigeria, built by a Joint Venture led by the local 
branch of Borini & Prono. It confirms Zorzi’s attempt to 
preserve the quality of the viaduct’s design even outside 
Italy, in countries where it was apparently impossible to 
propose a formally refined project, using entirely mech-
anised construction procedures (Fig. 9).

first opportunity, for the 7 kilometres of the Fichera via-
duct (Fig. 7) on the Palermo-Catania motorway (1971-
1972) [16]. 

Fig. 7. S. Zorzi, Fichera viaduct, Palermo-Catania motorway, 1971-1972, self-launching falsework (Inco Archive, Mendrisio); view from below (De 
Col Engineers private archive, Belluno).

Fig. 8. S. Zorzi, L. Lonardo, Viaduct on the Teccio river, Torino-Savona 
motorway, 1973-1976 (photo by Sergio Poretti, SIXXI Archive, Universi-
ty of Rome “Tor Vergata”).

Fig. 9. S. Zorzi, third mainland bridge over the Lagos Lagoon, Lagos, Nigeria, 1976-1980 (Inco Archive, Mendrisio).
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In the meantime, the lack of long-term planning on 
roadworks was discouraging large investments in such 
expensive equipment. For this reason, also construction 
companies in Italy began to adopt cantilever building 
techniques based on the assembly in situ of prefabricated 
segments.

The technique, which originated from Freyssinet’s 
experiments at the turn of World War II, was perfected 
by Jean Muller in the small bridge at Shelton, near New 
York, introducing the “match-casting” procedure [2]. In 
just a few years, the technique became so reliable that it 
could be used in the construction of the Chillon Bridge 
in Switzerland (1966-1969): its sinuous, variable-profile 
deck is the result of the assembly of 1376 prefabricated 
elements glued with epoxy resin [21].

Compared to these experiences, particularly ad-
vanced, in Italy, the technique was introduced and spread 
with years of delay. Abroad, however, it was applied by 
the companies Ferrocemento, Impresit, Girola and Side-
co SACIC for the construction of the central span of the 
remarkable 245-metre span of the “General Manuel Bel-
grano” bridge over the Rio Paranà (1968-1973), using a 
new mineral material, the “tixojoint”, instead of the ep-
oxy resin. 

It was only in the Eighties that we finally saw large-
scale applications on Italian construction sites. In par-
ticular, on the Udine-Carnia-Tarvisio motorway, prefab-
ricated segments gained considerable success because 

4. PREFABRICATION AND OTHER STORIES

Despite the interest aroused by the self-launching false-
works, their application was limited, in Italy, mainly to 
works inserted in special environmental or urban con-
texts, and to Zorzi’s solitary research [15]. 

The major Italian construction firms, which in those 
years joined together to dedicate themselves also to the 
building sites of the Rome-Florence express railway, 
aimed instead at perfecting the prefabrication techniques 
of the decks.

The experience of the Ferrocemento company and 
one of its structural engineers, Pellegrino Gallo, is em-
blematic [19, 20]. On the Rome-Florence “Direttissi-
ma” railway, the company built the Montallese viaduct 
(1980-1981), over two and a half kilometres long, and 
then the Faella, Riofi, San Zeno and Chiana viaducts 
(1986-1990), for a total length of 8 kilometres, with giant 
single-cell box modules, each capable of covering spans 
of 25 metres (Fig. 10). These decks, entirely produced 
in the workshop, were the result of studies and research 
conducted by the company since the end of the fifties, in 
which a strategy of progressive reduction of the opera-
tions to be carried out to build bridges and viaducts had 
been put in place. In the eighties, the executive proce-
dure was perfected to such an extent that the production 
and installation of modules were achieved, at the rate of 
four spans in 5 working days.

Fig. 10. Ferrocemento, P. Gallo, patent n. IT1045753, “Procedimento e dispositivo per il varo in opera di impalcati prefabbricati costruiti in un 
pezzo unico monolitico”, December 21 1972; transportation of the giant decks of the S. Zeno viaduct, Rome-Florence “Direttissima” railway, 1986-
1990 [20].
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was transformed into a mechanised factory, where work 
times and procedures were increasingly similar to those 
of an industrial production chain.

Together with other factors linked to public works 
policy in the same years, mechanisation influenced the 
progressive homologation and standardisation of via-
ducts, which now extend as far as the eye can see. In the 
operational fervour of these years, the identity of the Ital-
ian School of Engineering and the Made in Italy product, 
which only a few solitary talents tried to survive, sudden-
ly dissolved.
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METHODS AND INSTRUMENTS 
FOR PREFABRICATED HOUSING 
REFURBISHMENT: THE FRENCH CASE  
(1960-70)

1. INTRODUCTION AND OBJECTIVES

The 60s and 70s demographic and urban growth sped 
up industrialisation as regards construction, thanks to 
the massive resort to prefabricated reinforced-concrete 
elements. The urgency of EU [1] strategic objectives 
towards upgrading the existing building stock (name-
ly 42% reduction of total energy consumption, 35% of 
greenhouse gases and of over 50% of raw materials); 
the need to improve the environmental, social and ar-

chitectural features of many European neighbourhoods; 
the sheer number of such buildings (in Europe they 
average to 67%, in the most industrialised countries – 
such as France, United Kingdom, Germany, Scandina-
via, and Eastern Europe – they peak to 95%) demand an 
innovative approach to upgrading both as far as plan-
ning and analysing are concerned, prior to tackling the 
project [2].
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longing to mechanical industry: namely a prototype was 
developed, then it was serially reproduced [5, 6]. That 
is why it is necessary to start from the general analysis 
of the construction systems before defining the upgrad-
ing project of individual case studies; only later will the 
global material and performance-related condition of the 
buildings be assessed. The technical characterisation (i.e. 
construction-related features, structural behaviour, ener-
gy performance) of the “according to project” building 
not only allows to spot its main flaws that may be made 
worse by disrepair but even to lay down the preliminary 
set of criteria regarding upgrading industrialised build-
ings; this approach will minimise the hazard of the ren-
ovation project, impacting positively on its economic 
sustainability.

Besides showing a particular interest in upgrading 
1950-2000 housing – with the view of reaching its ob-
jectives by 2050 – the EU has been increasingly keen on 
finding the instruments allowing upgrading to be mon-
itored and made technically efficient and economically 
sustainable. This is why Building Information Modelling 
(BIM) has been applied to this sector of construction, ex-
ploiting the opportunities offered by the modularity and 
reliability of prefabricated systems, allowing to obtain a 
detailed rendering of the existing technological systems, 
to which retrofit projects can later be connected.

3. PREFABRICATION IN FRANCE: MODELS 
AND CONSTRUCTION SYSTEMS

The know-how gathered up to the late 50s in the exper-
imental yards sponsored by the Ministère de la Recon-
struction et de l’Urbanisme (MRU) laid the foundations 
for the new public housing programmes developed by 
various bodies (HLM, Logecos) in the following ten 
years, based on grands ensambles policies [Fig. 1] and 
on heavy prefabrication [7]. Not only did this allow to 
reach the figure of 278,000 dwellings built by 1955, but 
even laid the foundations for the dizzy growth of the fol-
lowing years: 1,698,000 new units built in 1975, so as to 
peak to the 8,750,000 public and private buildings built 
during the Trente glorieuses [8]. As regards construc-
tion technologies and production structure, the heavy 
(lourde) or closed prefabrication was resorted to: it re-

The objective of the present work – belonging to a 
broader project regarding upgrading European two-di-
mensional-elements -high-rise buildings – [3], has been 
the analysis of two of the main French patents (Balency 
and Barets), focusing on their construction-related and 
material features. We have started from front panels, 
since not only do they represent the signature features 
of the patents, but even the utmost complexity from a 
material, geometrical and construction-related point of 
view. This has allowed exploring even the potentialities 
of BIM (Building Information Modelling) in digitising 
prefabricated building stock. Starting from their digital 
reproduction, which contained all the information re-
porting their material, geometric, and construction-re-
lated features, perfect 3D models of such buildings have 
been implemented. Furthermore, thanks to the BIM 
potentialities, the models have been connected to the 
information for their graphic conversion (LOD), which 
has allowed the processed data of the current situation 
to be extracted automated. Thanks to this first step to-
wards digital modelling, the bases have been laid for 
the next steps leading to upgrading, which is essential 
when taking into account both the number of prefabri-
cated housing blocks and the urgency of curbing energy 
consumption.

2. METHODOLOGY

In order to lay down a suitable approach to building 
heritage, so as to streamline reclamation and upgrading 
plans, it is essential to analyse and thoroughly assess the 
technological and environmental system, as well as the 
building procedures it has implied. As regards upgrading 
existing buildings, the usual approach consists in laying 
down an upgrading project for an ad hoc case study that 
proves to be only partially capable of replication; general 
appraisals, on the other hand, may be formulated only af-
ter carrying out several works [4]. As far as blocks built 
by resorting to industrialised techniques (e.g. prefabri-
cation) are concerned, instead, it is necessary to adjust 
the methodology, so as to make it fit to respond to the 
different logic of production. Building resorting to in-
dustrially-produced prefabricated elements has in fact 
followed project-and-production-based principles be-
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respondence between room-sizes and front-panel-sizes, 
generally consisting in three layers (two weight-bearing 
external ones and an internal insulating one); the patents 
differed as far as the material employed for thermal in-
sulation was concerned, i.e. cell-like material – such as 
Frigolit (expanded polystyrene) – [Fig. 2], or various-
ly-sized, either brick or insulating-particles hollow ele-
ments [Fig. 2].

Among the systems belonging to the former type, 
the Camus patent enjoyed widespread success not only 
in the new French quarters but also in various Europe-
an countries (Italy, Western Germany, Belgium, Great 
Britain and Austria) and non-European countries (Soviet 
Union, Algeria and Japan).

Filed in 1948 and developed until 1957, the Camus 
patent was essentially based on factory-produced large-
size two-dimensional elements (such as walls and floors) 

lied on reinforced-concrete- cast- in- formworks (béton 
coulé) panels, produced in specialised factories.

The main role in the MRU plans and in the 60s hous-
ing blocks development was played by the patents, which 
were the response of the French production system to in-
dustrialisation in the sector of construction. In the early 
60s, various construction systems were introduced: they 
were mainly developed to realise high-rise buildings 
featuring weight-bearing front panels and both structur-
al and partition walls, some of which derives from the 
first (Balency & Schul, Barets, Camus, Coignet) patents, 
and newly-conceived others (Costamagna, Estiot, Fiorio, 
Precoblin and Technove). In all instances, it was heavy or 
closed prefabrication: the reinforced concrete elements 
were industrially produced and were employed to obtain 
a complete high-rise building featuring weight-bearing 
both front and cross-sectional elements. There was a cor-

Fig. 1. Heavy prefabrication and the new residential buildings in the 60s: Dreux (a), Savigny-sur-Orge (b) e Budapest (c).

Patent Year Thickness (cm) Stratigraphy (cm) Materials

Balency & Schul 1959 21 + 1 (gypsum plaster) 10,5 + 3 + 7,5 r.c., insulating, r.c.

Camus – Lorraine 1962 19 + 1 (gypsum plaster) 8 + 4 + 7 r.c., insulating (Frigolit), r.c.

Camus – Serpec 1960 24 6 + 2 + 16 r.c., insulating (Frigolit), r.c.

Coignet 1961 25 cm 19 + 2 + 4 r.c., insulating (expanded polystyrene), r.c.

Barets 1956 23 + 2 (gypsum plaster) 5 + 18 r.c., hollow brick

Costamagna I 1956 25 3 + 18 + 4 r.c., hollow brick, r.c.

Costamagna II 1960 30 3 + 23 + 4 r.c., hollow brick, r.c.

Estiot 1958 22 3 + 2 + 17 r.c., hollow brick, r.c.

Fiorio 1963 20,5 2 + 17 + 1,5 cm r.c., hollow brick, r.c.

Precoblin 1962 25 + 1 (gypsum plaster) 5 + 12 + 4 + 4 cm r.c., hollow brick, empty, hollow brick

Fig. 2. French main prefabrication systems in late 50s and 60s (layers are from exterior to interior).
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make their transport, handling and building-yard assem-
bly easy [9, 10]. Through the 60s, the Camus system be-
came the reference model for heavy prefabrication, even 
in Eastern bloc countries, where it triggered off various 
local developments [12].

The Balency & Schul system, on the other hand, be-
longed to the second – hollow elements – system., the 
patent, filed in 1950, envisaged 15-20 cm-thick Fibra-
gloss insulating hollow panels, (Fibragloss is similar to 
Eraclit): their role being the weight-reducing and pro-
viding thermal insulation; the panels were placed in the 
moulds and cast concrete poured over them and over 
the window frames. Such panels could be employed by 
themselves in up to 3-4 storeys buildings, whereas in 
over 4 storeys buildings a reinforced-concrete frame-
work was needed. Evaluations regarding production 
and the resistance of the panels themselves suggested 
that the hollow elements were to be substituted with in-
sulating-material slabs (they were either 3-4 cm-thick 
expanded polystyrene or 6-8 cm-thick vermiculite-con-
crete slabs), as shown in the agrément technique issued 
by CSTB in 1956 (Fig. 3b) and by the addition to the 
previous patent applied for in 1966 [13, 14]. Vermicu-
lite-concrete slabs, therefore, consisted of a 3 cm-thick 
external finish layer, a 5 cm-thick reinforced-concrete 
one, a 3-11 cm-thick insulating one, an internal 11 cm-
thick weight-bearing reinforced-concrete one, an in-
ternal 1 cm-thick plaster one; this amounted to 23-31 
cm-thick panels, depending on the thermal insulating 
performances required.

modulated according to the length of the room. The 
staple building that could be obtained resorting to the 
60s-developed Camus-Lorraine and Camus-Serpec sys-
tems [Fig. 3a] consisted in 20-22 cm-thick front walls 
and 14 cm-thick weight-bearing cross-sectional walls on 
top of which full 13 cm-thick slabs and 7 cm-thick parti-
tions were laid [9, 10].

The front panels featured two weight-bearing panels 
reinforced with 5 mm-thick metal rods and a Frigolit (ex-
panded polystyrene) one; their edges were hinge-shaped, 
so as to house both the irons connecting one panel to the 
next and the insulating material making the seams tight 
[11]. Weight-bearing cross-sectional and partition pan-
els consisted of full concrete slabs reinforced with one 
5 mm-thick steel-rods mesh; their surfaces were smooth 
and could be either daubed with chalk-plaster or painted. 
Even in this case, the 10 mm-thick steel-rod connecting 
hooks protruded from the edges. The floors presented 
similar features; their upper edges were bevelled, so as 
to allow the curbs and the joints connecting the panels to 
be cast. The sanitary bloc featured a wall housing tubing 
and drain pipes as well as the brackets for kitchen appli-
ances [9, 10].

The Camus system even provided for the panels to 
comply with finishing works: the window frames were 
embedded into the inside edge of the panels, in the same 
way as the metal door frames were encapsulated with-
in the cast. The thin plastic laminate floors were glued 
directly onto the previously smoothed floor panels. The 
maximum weight of the elements reached 7t, so as to 

Fig. 3. Camus-Lorraine patent (a) and Balency & Schul patent (b).
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blocs at Thamesmead, in Belgium and Ireland (1968), in 
Israel (1970) and in Italy (1964), where the MBM licens-
ee company built several housing blocks in Milan.

4. DIGITISING THE REFURBISHMENT 
PROCESS

As explained in the previous paragraph, the preliminary 
study of prefabricated systems and their components has 
been essential in order to understand how houses built 
according to this technology perform adequately. The 
next stages of the analysis (i.e. surveying the “as-built” 
and project-related design of the buildings), with a view 
to their re-purposing and upgrading, will, in fact, start 
from the data gathered about the construction-related 
processes and assembly of their components. More spe-
cifically, as far as this particular sector of building stock 
is concerned, the analysis has been focused on the suit-
ability of building information modelling (BIM) as the 
instrument of digital restitution regarding the “as-built” 
survey. Such an instrument allows the smart modelling 
of the single components of the building, providing de-
scriptive information related to their behaviour as well as 
their geometric digital reproduction.

First in its kind, the Balency system introduced a 
weight-bearing vertical element named bloc fonctionel 
porteur, moulded in a seamless 5-10 cm-thick concrete 
block containing the landing general electric conduit ris-
ers, the meters, the conduit risers belonging to each flat, 
and the sanitary bloc. Resorting to such block allowed 
to build a two-dimensional uniform structure, so as to 
sizably reduce sanitary facilities fitting and connection 
times [10, 15].

Similarly to other prefabricated systems, the Balency 
system required resorting to weight-bearing cross-sec-
tional walls that consisted of 8-15 cm-thick rein-
forced-concrete panels, and floors consisting in 13.5 cm-
thick reinforced-concrete solid slabs, with the iron hooks 
of the reinforcing frame protruding so as to allow the 
slabs to be lifted and suitably connected together. As re-
gards flat coverings, suitable 8 cm-thick reinforced-con-
crete slabs were produced; they had a 4 cm-thick ex-
panded polystyrene insulating layer and were laid on 
the top ceiling. Though it did not enjoy the enormous 
commercial success of the Camus system, the Balency 
& Schuhl patent was reasonably popular in Europe: in 
Great Britain, it was introduced under licence from the 
patentees in 1964 and was resorted to in several housing 

Family models tested Results

Generic Metric Model • Great modelling flexibility
• Possible inclusion in the project without constraints
• No data reading (thermal and structural performance)
• Difficult association about the panels connections
• Excellent results by exporting the drawings

Metric Curtain Wall panel • Good modelling flexibility
• No insertion possible in the project without constraints
• Presence of a reference grid linked to the “curtain wall”
• Problems in the union between multiple facades
• Very difficult modelling about the panels connections 
• Panels identified as a single collaborating Curtain Wall: presence of energy performance, lacking 

of structural performance
• Fair results about exporting the drawings

Generic Metric Model wall-based • More complicated modelling directly as subtraction from a reference Wall
• More difficult insertion of the project about the connection to the wall, but a good level of facade 

flexibility
• Good solutions about the intersection of facades
• Extreme ease in modelling the connections between panels
• Panels identified as a single collaborating Wall: possibility to insert information both on energy 

and structural performances
• Excellent drawings exporting

Fig. 4. Summary table of the results obtained from the tests conducted on Revit family models.
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which they have been projected and produced – which 
is a realistic surmise – taking the high level of indus-
trialisation of prefabricated-buildings techniques into 
account. Each panel was developed with the precision 
borrowed from mechanical engineering (tolerance, mod-
ular coordination) and projected so as to be industrially 
reproduced (serial production). Besides, the panels were 
joined and installed following techniques that reduced 
assembly times. The available detailed records allow to 
trace the panels, thanks to careful information models 
thoroughly.

Front panels have been chosen as starting points, 
since not only do they (together with vertical and hori-
zontal joints) represent the distinctive feature of the pat-
ent but also owing to the fact they are the most complex 
elements from a material, geometric and construction-re-
lated point of view.

The data gathered from surveying the original doc-
uments (patents and archival documents) prove to be 
an excellent launching pad from which to tackle digital 
restitution, leading to BIM prefabricated-elements mod-

The Decreto Ministero delle Infrastrutture e dei Tra-
sporti n. 560/01.12.2017 [16] makes the specific times 
and methods of the gradual digitisation of the buildings 
mandatory; hence, from 2025 onwards, public works 
contracts must resort to software structures. The survey 
undertaken proves quite topical: since most prefabricat-
ed housing blocks are owned by public authorities, as a 
consequence of the decree mentioned above, should they 
opt to upgrade their buildings, they would have to resort 
to BIM.

The researches undertaken have suggested it is nec-
essary to define the guidelines for the future information 
management of prefabricated housing stock contained in 
BIM software since this typology of construction high-
lights some incompatibilities with present-day model-
ling standards [17]. Unlike other construction systems, 
prefabricated-panels buildings are managed and built 
relying on quite large (generally 280x360 cm) joined-to-
gether panels, rather than on brick and concrete.

Furthermore, the in situ panels are supposed to be 
the exact size as laid down in the datasheet according to 

Fig. 5. Components belonging to the generic metric family of the single prefabricated panel (Camus-Lorraine patent).
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renderings necessary to assess the “as-built” conditions 
in an automated way [18]. Besides, thanks to resorting to 
BIM, the information, related to the different panels, has 
been connected together – for instance as regards the pa-
rameters of the materials, their state of decay, the resid-
ual performances of the various components – by means 
of instruments enacting simulations of the behaviour of 
the buildings in different upgrading scenarios.

To test the methodology proposed, Autodesk® Revit 
Architecture has been chosen as software. Each Revit- 
created element corresponds to a “family”: some of these 
families can be customised, whereas others are defined 
as “system” families, that is to say, they can be modified 
only resorting to pre-set parameters.

elling in the best possible way. The main hindrance en-
countered is that each element is given a real function 
in the building; there is a specific key for the creation 
of single elements, though there is no equivalent option 
for the creation of a “prefabricated panel” and its joints. 
What is more, owing to the hierarchical logic of the pro-
gramme, each class of elements must be subjected to 
system parameters that make it sharply different from all 
others: for example, a “window” or a “door” must neces-
sarily be housed in a “wall”; a “beam” will be visualised 
in its structural, rather than architectural rendering.

The final objective has therefore been correctly mod-
elling two-dimensional panels, which are the core ele-
ments of buildings, in order to obtain the architectural 

Fig. 6. Example of the different plan LODs of the Balency & Schul (a) and Camus (b) systems.

Fig. 7. Example of the different section LODs of the Balency & Schul (a) and Camus (b) systems.
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same object can be selected, so as to make such object 
more or less detailed according to the LOD agreed upon 
when entering the project [Fig. 6 and Fig. 7].

Three different levels of modelling panels have been 
created, corresponding to the three different Models of 
Detail, so as to obtain a more or less detailed panel, as 
required [Fig. 5].

The result obtained by means of modelling the vari-
ous families provides a digital information tool that can 
be used to achieve an efficient replication methodology 
with reference to modelling. It will be required as far as 
possible “to mimic” the real assembly of a prefabricat-
ed building: after entering the series, under the heading 
“family”, relying on the original “as-built” layouts, on a 
new Revit project file you proceed tracing the Walls and 
placing inside them – from bottom to top – each wall-or-
floor panel. From the resulting model, thanks to the filter 
logic of the “Levels of Detail” and of the “Project Scale”, 
the information implemented within the families can be 
accessed and managed; moreover, all graphic renderings 
of the “as-built” conditions in the various scales can be 
automatically extracted, avoiding redundant data.

5. CONCLUSIONS AND FUTURE 
DEVELOPMENTS

The research work has aimed to detect the perfect relation 
between the detailed study of the project and of its main 
components (that is to say front panels, in particular) and 
Revit modelling, resorting to the “families”, testing the 
available ones, so as obtain a suitable 3D rendering of 
the panels, as well as the reading of all the materials and 
components by the programme [Fig. 8a and Fig. 8b].

As far as LOD (Level of Development) [19] is con-
cerned, thanks to the many increasingly-detailed render-
ings of the same panel and thanks to setting (within the 
family) a visual variation of the scale, it has been possi-
ble to enter a suitable amount of information in the ren-
derings. In this way, it is possible to resort to the families 
created in order to reproduce existing buildings, relying 
on the historical documents referring to “as-built” con-
ditions, as well as on resorting to “Levels of Detail” in 
the main project with the aim of extracting the results. 
Following the above procedures, this research has evi-

Once a family has been created, it can be entered in 
the programme several times as an individual “instance” 
representing each different component of the model uni-
vocally: however, if the original family is modified, all 
the instances belonging to such family are updated au-
tomatically. Thanks to this operation logic, each single 
typology of panel can be modelled in the programme 
within a different family.

Later on, the kind of family with which to start mod-
elling has been chosen. Several are the models of fam-
ily within the software, none of which has the creation 
of a prefabricated panel as a defined function: various 
alternatives have therefore been tested in order to find 
the most suitable one for representing a panel with all its 
variables, which were identified in the phase of survey 
[Fig. 4].

Once the most suitable family was singled out (it 
was to correspond to the “Generic Metric Model wall-
based”), we proceeded entering the information concern-
ing its graphic visualisation; the correct combination of 
information allows to reproduce existing buildings cor-
rectly. This has been possible thanks to combining LOD 
(Level of Development) with the “Levels of Detail” 
present in the Editor of the Revit Families [19]. LOD 
provides references thanks to which the professionals of 
the AEC sector can assess at what level of clarity they 
are modelling: traditionally, the level of clarity varies in 
relation with the representative scale, though in 3D mod-
elling such connection is not immediate [Fig. 5]. From 
the model it is in fact possible to select the scale automat-
ically, so that the lines are made thicker or thinner, but 
can anyway be read; however, if the amount of the infor-
mation needed by that particular scale is not entered, the 
model will prove insufficiently detailed. The LODs are 
defined by the AIA legislation published on BIM Forum 
with figures ranging from 100 to 500 [20]; the UNI 11337 
Italian legislation, instead, modifies such scale with an A 
to G range. Such standard procedure allows to determine 
beforehand how specific the model has been chosen to 
be, so as not to make it redundant if the LOD is low (for 
instance when dealing with a general layout) or hardly 
readable if the LOD is high (for example when dealing 
with a construction detail). Thanks to the “Detail Levels” 
offered by Revit, three different modes of visualising the 
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(theoretical thermal analysis), the modelling of the whole 
building; this will allow to assess its “as-built” global 
performances, and to create a reliable model, based on 
the available data.

As for the latter development, control logics (code 
and quality checking) will be created in order to check 
mistakes when setting the panels, as well as to monitor 
the compliance with technology-and-environment-relat-
ed legislation; this will apply both to realising automat-
ically-generated 3D positioning grids and to devising 
methods for the automated set up of the panels. Further-
more, it will be necessary to develop the interoperability 
and the coordination of the extracted information in or-
der to develop models of structural and energy-perfor-
mance-related analysis.

By taking the different production stance underlying 
prefabricated building into account, this research has 
prompted a different methodological approach to up-
grade prefabricated buildings, based on analysing the 
industrialised construction systems and the buildings 
resulting from their application. The analysis of the con-
struction systems from a geometric, construction-related 
and material point of view, together with the technical 
features (that is to say structural behaviour, energy per-
formance, and construction-related peculiarities) of an 
“as-built” building, allows not only to identify its main 
shortcomings that may be emphasised by disrepair, but 
even to lay down a preliminary set of upgrading crite-
ria that can be applied to industrialised buildings; in this 
way, working procedures will be better focused and, as 
a result, the economic sustainability of the project im-
proved.
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“LA FABRIL” RESISTENCIA’S INDUSTRIAL 
HERITAGE: RE-FUNCTIONAL CHANCE AND 
MANAGERIAL CHALLENGE

1. THE INDUSTRIAL PAST OF THE CHACO 
PROVINCE (AR)

In Argentina, the interest in industrial heritage began 
in the 1980s, expressing itself mainly through local 
and inhomogeneous policies and initiatives. Because 
of its industrial past, Chaco has many buildings of his-
torical and architectural interest: despite public inten-
tion to protect the cultural and material values of the 
abandoned industrial complexes, not much progress 

has yet been made in the identification and regulation 
of protected areas or even in the definition of standard 
intervention criteria to promote the conservation and 
enhancement of historical complexes. An emblematic 
case of this incoherence is the chimney of the Forestal 
factory, a large complex located in the city of Fontana, 
in the metropolitan area of the Grande Resistencia. The 
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The La Fabril Financiera oil factory, founded by Juan Rossi in 1888, 
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in 1895 to 144 in 1908). During that same period, the 
number of industrial workers rose to 3,171 in 1908, from 
273 in 1895. The initial activities were gradually joined 
by oil production from different types of seeds, and the 
extraction of tannin from Quebracho. Industrialization 
was supported by massive inflows of foreign capital, 
mainly Belgian, French, German, English and American, 
and partly from the Buenos Aires region. It was also fa-
voured by the extension of the railway line (Ferrocarril 
de la Provincia di Santa Fe) to the North East regions.

At the end of the First World War, market demand 
for Chaco’s products changed: the main buyer was no 
longer England but the United States and Belgium, with 
a decrease in demand for tannins. 

Chaco underwent another important expansion of its 
industry between 1930 and 1935. In 1935, the national 
census data indicated the presence in the region of 1.13% 
of the national industrial settlements, 1.35% of the em-
ployees and 1.66% of the installed motive power. The 
economic crisis of 1929 caused a worldwide collapse in 
export demand, so the industry market re-oriented itself 
towards domestic targets, where production was stimu-
lated by the production of textiles such as cotton, food 
production and the oil industry, perhaps the most charac-
teristic element of provincial production. The events of 
La Fabril Financiera began in this context.

Decree by Law No. 1130 of 2002 declared this build-
ing “the Province of Chaco’s Cultural Heritage”, but 
despite this, it risked being demolished in 2006: only 
strong intervention by the NGO Memorias de Nuestro 
Pueblo prevented the demolition [15].

Chaco’s industrial heritage originated at the end of the 
19th century when the main production activities shifted 
from agri-pastoral to industrial thanks to Argentine na-
tional policies that favoured the arrival of immigrants, 
many of them of Italian origin. French and German com-
panies discovered the properties of tannin extracted from 
Quebracho wood for tanning leather and, at the end of 
the century, the 1895 census showed [18] that the settle-
ments and cities with the highest demographic growth 
were those where the industrial plants had settled: Resis-
tencia, Barranqueras, Colonia Benítez and Las Palmas, 
although at that time in history, Chaco’s industry consist-
ed mainly of distilleries and sugar mills. To give an idea, 
the capital invested by the companies of Las Palmas and 
Svea accounted for 86% of the total investments in the 
Chaco region, with their factories occupying an area of 
29,619 square hectares. During the sugar cane harvest, 
the workforce required absorbed 20% of the active pop-
ulation. In the years that followed, Chaco’s grew in line 
with the Argentine national ratios, tripling the number 
of industrial plants in just thirteen years (from 44 plants 

Fig. 1. Compañía General Fabril Financiera, Resistencia. This aerial view goes back to the Forties. It was taken by the famous photographer Pablo 
Boschetti.
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area was ideal for the establishment of large-scale indus-
trial activities, largely due to the efficiency of the com-
munication routes, with the convenient railway network 
and the proximity of the Paraná River.

Seven years later, the General Manager Don Julio de 
Nicola, an eminent citizen of Resistencia, began building 
the large industrial complex that we see there today; in 
1928, the San Fernando Oil Mill, formerly owned by Eu-
genio Varela, was added (Fig. 1): the seed oil produced 
was sold all over the country under the Mandiyu brand 

2. OUTLINING THE “FABRIL FINANCIERA” 
HISTORY

At the beginning of the twentieth century, the major in-
dustrial activity in the city of Resistencia and the AMGR 
(Resistencia metropolitan area) was based on the trans-
formation of local agricultural produce, as the Chaco 
province was and still is predominantly agricultural.

In fact, the leading industrial activities were linked to 
the transformation of agri-forestry products, particularly 
the extraction of tannin from the Quebracho and the pro-
duction of various seed oils.

The industrial complex, now known as “La Fabril”, 
was established in 1888, at the behest of Juan Rossi, an 
Italian immigrant who, just ten years after the foundation 
of Resistencia, planted a sawmill which was then con-
verted to the processing of vegetable oils, pioneering the 
local production of castor, peanut and cotton oils.

In 1919, Compañía General de Fósforos purchased 
the land located in a site called “La Liguria”, near the 
town of Barranqueras, to build a factory there. A year lat-
er, the President of Compañía General Fabril Financiera 
was the Italian Earl Antonio Devoto, assisted by Víctor 
Valdano as Head Engineer. They decided to purchase the 
Compañía General de Fósforos plant together with the 
land around it, transforming the unit into one of the most 
important manufacturing companies in the region. The 

Fig. 2. Mandiyu cottonseed oil, Thirties colour advertising.

Fig. 3. Left: map of Argentina Republic; right: the metropolitan area of the “Grande Resistencia” (AMGR). Resistencia is the capital of the Chaco 
Province, located in the northern part of Argentina (left); the complex of “La Fabril” is within the AMGR area, towards the city of Barranqueras (right).
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the alternation of drought weeks, and heavy rains with 
floods and these morphological and climatic character-
istics favour its predominantly agricultural and forestry 
vocation.

3.1. ORIGIN OF THE TOWN

Between October 1875 and March 1876, at the time of 
the presidency of Nicolás Avellaneda, a Commission 
was appointed to explore and assess places for a possible 
foundation of new settlements, including the area where 
the ancient mission of San Fernando del Río Negro had 
been active from about 1750 to 1774. At that time, an 
accident suggested the name for the new colony to be 
founded in this area. On February 6th, 1876, the Chief 
of the Chumpíes broke the agreement between the Ab-
origines and the Exploration Commission and attacked a 
village near the forest. The settlers and surveyors resist-
ed the attacks nearby the home of Colonel J. M. Avalos: 
in memory of this, the new settlement took the name of 
“Resistencia”.

Resistencia, together with Formosa, is one of the 
seven cities that were founded in implementation of the 
border areas defence policies that were implemented in 
1878, at the end of the war with Paraguay and Brazil 
[11]. The birth of the city of Resistencia also came about 
due to the project to install a Government bridgehead in 
the Chaco territory and to encourage contact with the ur-
ban centres of Western Argentina [7].

What is now the town centre was originally the entire 
urban area and is based on the orthogonal territorial plan-
ning typical of the American colonies. Marked out by 
national surveyors in around 1882, the orthogonal grid 
was applied to the town territory without any consider-
ation for the geological and hydrological characteristics 
of the area, rich in forests and lagoons. It was thought 
that the lagoons could and should be filled in and that all 
the geomorphological disadvantages could be overcome 
by dominating nature with the human intervention [11]. 
The consequences of this underestimation of the natural 
characteristics of the site resulted in numerous hydro-
geological instabilities, in relation to the water regime 
and land drainage. Subsequently, all the lagoons were 
reclaimed and built upon them.

(vintage advertising in Fig. 2), and the operation contin-
ued for decades. 

This industry gave work to thousands of Chaqueni for 
many years and was a true driver of progress and devel-
opment. Today, however, the entire industrial area locat-
ed between Resistencia and Barranqueras is almost com-
pletely abandoned, and the future looks vague. Together 
with other heritage sites closely related to the history 
and culture of Chaco, these former industrial areas are 
linked to the production chain and to railway develop-
ment. They bear witness to the complex social processes 
that determined the human and economic aspects of local 
idiosyncrasy [13].

3. RESISTENCIA AND ITS METROPOLITAN 
AREA

La Fabril’s location and its impact on the territorial sys-
tem would be unexplainable without understanding the 
genesis and structure of the city of Resistencia.

Capital of the province of Chaco, in the North of the 
Argentine Republic, the city is the hub of the Metropol-
itan Area of Grande Resistencia (AMGR), which also 
comprises the municipalities of Barranqueras, Puerto 
Vilelas and Fontana, covering a total area of 33,578 
hectares. Other places are related to its economy too, 
despite being separated by extensions of non-urban-
ized land: Puerto Tirol, Colonia Benítez and Margar-
ita Belén. The location of the Chaco Province in the 
Argentine Republic and the AMGR, consisting of the 
four locations mentioned, is shown in Fig. 3: La Fabril 
Financiera is highlighted in red, towards Barranquer-
as (where the port is located), but still within the town 
area.

Resistencia is on the river Paraná floodplains, an 
area very rich in water which also comes from tributar-
ies of the Paraná such as the Río Negro and the Riacho 
Arazá. The climate is warm without dry season, with 
an average annual temperature of 21 °C. Mean summer 
temperatures exceed 25 °C and the maximum tempera-
ture can be over 43 °C. In winter, average temperatures 
exceed 10 °C and the minimum temperatures are rarely 
below 0 °C. Average annual rainfall amounts to 1,300 
mm: however, the Chaco province is characterized by 
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the Rio Negro, in 1878, intending to settle in the Colony 
of Resistencia. Afterwards, the city expansion was stim-
ulated by the railways’ construction and by initial indus-
trialization financed by foreign capital, mostly from Eu-

The Immigration and Colonization Law of 1876 fa-
voured the entry of various contingents of immigrants, 
one of which consisted of about 60 families from Udine 
(Italy). They landed in the port of San Fernando, above 

Fig. 4. Resistencia, old town planning scheme (1882) [11]. Top left: Resistencia old town (1882) with the future location of “La Fabril” factory (in 
red) within AMGR; top right: old town scheme; bottom: map of the City of Resistencia (1978) and its conurbation of nearby locations [6]: it is ob-
vious the huge growth of the city and the persistence of the regular planning scheme.
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while industrial activities occupy less than 10% of the 
urban area, the bulk of manufacturing companies being 
located in the outlying areas of AMGR. The service in-
dustry (administrative and financial offices etc.) is locat-
ed in the centre, occupying 2.74% of the territory, with 
commerce occupying around 1.65% and public gardens 
and green areas around 1.1% [19].

4. PROJECTS FOR “LA FABRIL” AND THE 
PRESENT SITUATION

When La Fabril ceased production, the whole complex 
underwent a period of abandonment and degradation. 
The four hectares of land are located in a central part 
of the metropolitan area, at number 2800 Av. 9 de Ju-
lio with buildings occupying a total of 10,000 square 
metres.

In 1974, Galdeano, Cayré, Salas, Escobar Pazos de 
Salas and Viain architects proposed one of the first plans 
to reuse the existing buildings for various purposes (res-
idential, leisure and commercial) and the construction of 
new homes, all through a company named Sucesión de 
Arturo Inocente.

rope. The original area, built up in square blocks within 
an orthogonal map of 400 ha of gross surface and 256 ha 
of the net land surface, soon began to grow: The rigorous 
and geometric layout of the city began to be altered by 
more disorganized and less organic forms.

Fig. 4 shows the map of Resistencia as it was in 
around 1882 in comparison with the city expansion in 
the conurbation area updated to 1978. The area occupied 
by La Fabril Financiera is also outlined in red. Its lo-
cation on one of the city’s main roads (Av. 9 de Julio) 
is of particular interest, as it strongly links the city of 
Resistencia with other towns in the Metropolitan Area 
such as Barranqueras and Puerto Videlas. This road also 
connects Resistencia to the neighbouring capital of the 
Province of Corrientes. The area’s strategic location gen-
erates high speculation about the destination and use of 
the nearby allotments.

Considering the whole AMGR area, population 
growth has been constant since its foundation, as can be 
seen in the following data:

census 1895 1914 1947 1960 1970 1980 1991 2001 2010

population 2,187 8,387 64,700 108,287 142,848 220,104 292,287 359,590 385,726

Resistencia today
According to the 2010 socio-economic census, the city 
of Resistencia now has 290,723 residents within a prov-
ince of 1.06 million inhabitants. In the last 40 years, the 
city has undergone dizzying population growth, tripling 
the number of people and requiring considerable urban 
expansion. This has been facilitated by the reticular or-
thogonal grid. The original blocks measuring 100×100 
metres (which are part of a modular progression of 1000 
× 1000 metres) have been extended into the surrounding 
rural areas. This implicitly suggested the continuation of 
the chessboard and has given rise to a sort of an “au-
tomatic” and unaware form of territorial planning that 
has tidily self-modulated the natural growth of the city. 
The only exception has been the progressively included 
lagoon areas, which still breaking away from the regular 
mesh of the city [5].

Currently, the urban area is divided between 55% 
residential and 30% public space (streets, squares, etc.), 

Fig. 5. Galdeano, Cayré, Salas, Escobar Pazos de Salas and Viain archi-
tects: Masterplan (1974). The project contemplated the remodelling of 
four existing blocks for residential purposes. Part of Block II, originally 
used as a machine room, was allotted to a micro-cinema, a choperia, 
a restaurant with expansions and terraces, and entertainment venues.
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the buildings located on Av. 9 de Julio were proposed 
for mixed-use: the ground floor for shops, chemist’s, 
post-office, bank, office premises etc., with duplex hous-
ing on the first and second floors. 

Other kinds of housing were proposed to the rear. 
They formally and functionally reinterpreted the existing 
typologies. They added innovative elements for public, 
semi-public and private use, with footbridges on the first 
floor [9], proposing the interesting idea of vehicle traf-
fic with some cul-de-sacs and some passages under the 
buildings.

The remodelled houses were to be built in the existing 
blocks of the old factory, adapting smoothly to the vari-
able modulation of the existing buildings. Access to the 
duplex homes was through their own garden, with the 
living room, dining room and kitchen on the lower floor. 
The upper floor housed the bedrooms and bathroom and 
a service patio favouring cross ventilation, beneficial in 
the hot-humid climate of the region (Fig. 6 and Fig. 9). 
The project was intended to integrate perfectly into the 
existing structure (the warehouse and shed walls are 45 
and 60 cm thick), respecting the original openings. The 
only additional elements were wooden balconies on the 
upper floor [9].

According to the authors’ descriptive report “in an 
area of almost four hectares occupied by constructions 
once destined for industrial use, this housing complex is 
under construction. In addition to proposing new blocks 
of housing, it refurbishes part of the obsolete, semi-de-
stroyed constructions, making the most of their possibil-
ities, with the consequent economy. In this way, struc-
tures that were considered abandoned are revitalized and 
formally and functionally recovered” [9]. This project 
included 306 homes (based on the refurbishment of exist-
ing buildings and the construction of new ones), 14 com-
mercial premises, a supply centre, children’s playgrounds 
and service equipment. The design responds to respect 
for the built heritage and the proposal of a singular way 
of life, with internal semi-public streets strengthening the 
community idea of having their own place to live (Fig. 5). 

The project contemplated the remodelling of four ex-
isting blocks for residential purposes. Part of Block II, 
originally used as a machine room, was allotted to a mi-
cro-cinema, a choperia, a restaurant with expansions and 
terraces, and entertainment venues. Unfortunately, this 
project never went ahead. 

A supermarket (with warehouse and parking) was 
proposed for another of the existing warehouses, and 

Fig. 6. Apartments integrated into the original factory (photo at the end of the works). All the openings have been respected; only wooden balco-
nies have been added; in front of each entrance a small private garden enhances the sense of privacy.
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oped an idea of “belonging” to the site which forms a 
semi-public space due to its plant layout, with circulation 
routes all included within the limits of the neighbourhood 
and, consequently, with very limited traffic. The vestig-
es of its industrial past remain in the form of numerous 
sheds, now used mainly as warehouses. The place is full 
of historical significance and the unique characteristics: 
however, as can be seen in Fig. 7, many buildings of 
great architectural interest are still in poor condition.

Many pavilions have now been demolished, and others 
are in ruins. The railways’ tracks are in the immediate vicin-
ity of the La Fabril district, with other remains of old facto-
ries, military land and a lagoon area. However, what really 
characterizes the neighbourhood today and has changed its 
face is the residential settlement (Fig. 8). On the one hand, 
two pavilions of the old factory have been renovated and 
turned into homes and, on the other, new houses have been 
built in the southern part of the site, while Fig. 9 shows the 
renovation project to transform a disused shed into resi-
dences. From the 1974 project, the refurbishing of the old 
factory with transformation into housing (block I and part 
of block II) was carried out without the leisure activities 
proposed in the former machine room.

The 96 new houses built in 2015 do not respect the 
original idea, which was intended to give a unique and 
special character to the urban intervention. The project 
implemented by the Institute of Urban Development and 
Housing (IPDUV) in agreement with the mutual UPCP 

Unfortunately, only a small part of the proposed ren-
ovations was built, due to uncertainties on the building 
site. The project was way ahead of its time in terms of 
the revaluation of industrial heritage, economic aspects, 
blended uses and the fair graduation between public, 
semi-public and private spaces. At the beginning of 
2009, the competent urban bodies decided to demolish 
the existing buildings to build a residential neighbour-
hood. Faced with the imminent destruction of an import-
ant testimony of the city’s historical and architectural in-
dustrial heritage, the people took action, demanding the 
conservation of the buildings. This social and cultural 
dynamic forced the Authorities to review the situation.

The events of La Fabril industrial site were studied 
by the Provincial Heritage Commission, which quickly 
acknowledged the complex as being “of significant his-
torical and socio-economic value for the Chaco region”. 
Following these determinations, the Chaco province pro-
mulgated the Provincial Law no. 6422/2009, declaring 
the former oil mill “Historical Cultural Heritage”. This 
also fulfilled an old request from the “Barrio La Fabril 
Commission” which, back in 1998, had asked the Chaco 
Province Heritage Commission to preserve the architec-
tural space full of historical and social significance. 

Today, some of the sheds once used for processing in-
organic products have been converted to residential use, 
flanked by craft activities, warehouses and commercial 
spaces (e.g. gyms). Those who live there have devel-

Fig. 7. “La Fabril” Headquarters building (2018). Many buildings are in poor condition, as the main office building; they still keep in place original 
building details of great interest.
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Fig. 8. Housings in the old factory, present state (2018). The sense of individual membership and ownership is clear by the different façade colours, 
while the new buildings for social housings (see Fig. 10 bottom right) show no sign of individuality.

Fig. 9. Plan for residential units in the old factory buildings (1974): cross-section, ground fl. and 1st fl. Plans. The project by Galdeano, Cayré, Salas, 
Escobar Pazos de Salas and Viain architects divided each module of the old factory into four duplex apartments with an upper patio for cross 
ventilation.
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active agents of urban transformation and, thirdly, as a 
historical heritage in need of cataloguing, analysis and 
dissemination” [20].

The destruction of a large number of industrial build-
ings after the Second World War led to the emergence of 
movements to revalue industrial heritage [1].

La Fabril is a piece of Industrial Heritage in the city 
of Resistencia, thanks to which the idea of “place” as 
the context and population identity has been formed. As 
Montaner states [16] “[…] a place is defined by the qual-
ities of things, elements, by historical, symbolic and en-
vironmental values”. Individual experience is as import-
ant as a collective experience, and a “place” is more than 
a geographical location, more than just space, it is the 
tangible manifestation of human habitation [17]. Indus-
trial archaeology aims to study material culture and the 
architectural, technical, social and anthropological as-
pects of activities related to the production, distribution 
and consumption of goods, the transformations of these 
activities over time and in socio-economic processes. 
The transition from the academic sphere to a broader one 

(Personal Union of the Province) replicates the typology 
of social housing similar to other neighbourhoods in the 
city and province (Fig. 10). In this way, the opportunity 
to reinforce the idea of La Fabril as a unique and charm-
ing building complex in the city was missed.

Transforming a factory into a housing unit is a huge 
challenge, which arises from the typological differences 
between the two objects. However, as is usual for old 
industrial plants within the fabric of a city, it is one of 
the most attractive and necessary goals. The former sub-
urbs are becoming the centre, and the industrial sites are 
currently fetching very high prices, due partly to their 
location on the main exit roads (Aguilar, 1998).

5. CONCLUSIONS: RE-FUNCTIONALIZE, 
OPPORTUNITY OR REALITY?

“Industrial architecture constitutes a wide field of knowl-
edge and experience that can be viewed from a triple 
perspective. Firstly, as living architectural pieces that are 
subject to constant remodelling and reuse; secondly, as 

Fig. 10. Left: aerial view of “la Fabril” district; top right: old factory building converted to apartments (present situation); bottom right: standard-
ized social housings (built 2015). The social housings replicated the typology designed by IPDUV & UPCP for the Chaco Province: unfortunately, 
the 1974 project was abandoned.
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with strong social implications was accompanied by the 
increasingly widespread concept of industrial heritage 
[2], going so far as to directly involve the population, as 
the recent history of “La Fabril” has demonstrated.

As well as having an ethical and aesthetic dimension, 
the recovery of the industrial building heritage is an op-
portunity to apply a perspective of the circular economy 
[14] of matter and energy. This paradigm is based on en-
vironmental principles and savings (on the consumption 
of matter and energy and in terms of waste generation), 
which is of special interest to Argentina as it continues 
to experience an extensive and long-lasting economic 
crisis. Of undoubted interest is the revaluation of the 
passive energy of thick walls (45 and 60 cm), avoiding 
the generation of excessive demolition and construction 
waste (DCR) by reusing everything possible [10].

The reuse and recovery of historical industrial heri-
tage is a proactive activity with a view to enhancing the 
history of a local area. It is currently desirable to reuse 
existing structures not only for reasons of environmen-
tal and social sustainability but also for economic issues, 
especially in contexts of particular socio-economic fra-
gility, such as the city of Resistencia in Chaco. All these 
options are characteristic of the La Fabril site: a re-func-
tionalization respectful of the characteristics of the 
buildings, with adequate conservation and restoration 
criteria, seems an excellent opportunity to highlight this 
“place” as evidence of a recent past that strengthens the 
historical identity of the city of Resistencia. Managing 
industrial heritage is a challenge that involves a complex 
network of technical, legal, cultural, architectural and so-
cial issues. This is why it is necessary to promote social 
support for this type of intervention, with the participa-
tion and involvement of local residents. In the absence 
of effective tools for this heritage rise and preservation, 
and clear guidelines for reuse and recovery, important 
evidence of the industrial past and identity of the place 
risk being erased.
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H-BIM OBJECTS FOR MODERN STONE 
FACING
GENESIS AND INFORMATIVE CONTENTS 
FOR THE SHELL OF THE STATION OF 
MESSINA

1. TOWARDS THE DEFINITION OF “H-BIM 
OBJECTS”

The scenario that emerges with the introduction of the 
BIM (Building Information Modelling/Model/Man-
agement) methodology requires a different approach 
to the design practise aimed at the digitalisation of the 
construction process. Greater control of the project and 
management of the building through its life cycle is 
possible thanks to the so-called “BIM objects”, virtual 

entities that can increasingly emulate the reality, inter-
act and interface with each other, promptly highlighting 
the onset of any interferences and anticipating the con-
struction site ones [1, 2]. However, there is a difference 
in application between new designs and existing build-
ings, perhaps deliberately denounced by the adoption 
of the two acronyms BIM and H-BIM (Heritage-BIM), 
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In these cases, it is necessary to protect technical and 
cultural reasons that require a critical recognition of the 
building past; the latter should be retraced by identify-
ing the interventions, due to natural or anthropic events, 
which have occurred over time and may have produced 
variations of the original configuration defined during 
the design phase, often with the loss of peculiarities that 
should have been protected.

In addition to an analytical description of the techni-
cal characteristics, there is, therefore, the need to narrate 
the evolution or involution of a building or its parts, as-
sociating documentary evidence to the families adopt-
ed in the modelling and attempting to parameterise the 
“time” factor to define all properties that an “H-BIM ob-
ject” should have.

Such purposes are not different from those of the 
Building Dossier, the operative tool that should be 
useful for multidisciplinary edifice knowledge and 
more conscious management, predisposing to adequate 
Maintenance Plans [4]. Thus, this study aims to test the 
contribution of the BIM methodology employing the 
“autarchic” stone envelope of the Station of Messina, 
which dates back to the 1930s and is subject over time 
to changes that have altered its technical and formal 
qualities.

2. THE “MODERN” STONE FACING OF THE 
STATION OF MESSINA: THE NECESSITY 
OF A NEW METHODOLOGICAL 
APPROACH FOR THE RECOVERY

The public buildings of many Italian cities built during 
the 1930s-40s were renowned due to the stone material 
cladding of the vertical, horizontal, external, and internal 
surfaces. It was assumed as the distinctive and essential 
feature of an architectural language that had to satisfy 
the purposes of modernisation and economic autarky of 
the Fascist Regime. Among these edifices, there is also 
the Central and Maritime Station of Messina (Fig. 1), de-
signed by Angiolo Mazzoni, an engineer, at the end of 
the 1930s and formally characterised by smooth Alcamo 
Travertine slabs, also shaped according to curved pro-
files, and installed with aligned joints on a mortar sub-
strate (Fig. 2) [5, 6].

which are worthy of conceptual and operative consid-
erations.

Although the methodology is not yet widespread 
and the regulations are still being defined, the benefits 
that can derive from the use of architectural, structural, 
plant engineering and infrastructural modelling through 
parametric objects – in technical language called system/
loadable/local families – are more and more evident and 
interesting [3].

The data baggage related to them allows us to over-
come the limits of CAD (Computer-Aided Design), and 
therefore of the simple vectorial restitution of the proj-
ect, thanks to the possibility of associating “informative” 
and not just geometric features.

The effectiveness of the use of these objects is regis-
tering a new operative trend that induces the sector com-
panies to provide the diffusion of the virtual equivalents 
of their technological solutions, with the attached portfo-
lio of information, to simplify project processing.

If this is really advantageous when the aim is new 
construction, when recovering an existing building there 
is a higher degree of difficulty due to the lack of find-
ing adequate objects on web sites of companies or in the 
online sharing platforms, without prior modification of 
the geometry and redefinition of the parameters that may 
lead to consider the creation from scratch more conve-
nient.

The informative contents of the virtual models for ex-
isting buildings should be inferred by interpolating the 
data deriving from:

• Historical-critical analysis, to retrace the Construc-
tion History through documentary and bibliographic 
sources;

• Survey of the state of affairs, to acquire geomet-
ric-dimensional specificities and to find out the materials 
that were adopted;

• Diagnostic investigations, to determine the over-
all behaviour of the construction elements as well as to 
characterise the used materials from the physical-chem-
ical point of view.

Hence, the information to be collected for an edifice, 
especially if it belongs to the historical-architectural her-
itage, is not only of the parametric type and exclusively 
related to its current state.
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Fig. 2. Specifications of the shell external facing of the Station of Messina (MART, Fond “Angiolo Mazzoni”, left, centre; Collection of 
Laboratorio di Studi doCme 1908, right).

Fig. 1. Central and Maritime Station of Messina with a view from the port area (MART, Fond “Angiolo Mazzoni”, top; Collection of 
Laboratorio di Studi doCme 1908, down).
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adays Latina), there are numerous buildings with stone 
surfaces carried out by important people belonging to 
the Italian architecture field; in addition to Mazzoni, the 
generation of designers bonded by language analogies 
consists also of: Giuseppe Vaccaro for the Palazzo del-
le Poste in Naples (1928-35), Giuseppe Terragni for the 
Casa del Fascio of Como (1932-37), Adalberto Libera 
for the Palazzo delle Poste in Rome (1933-35), Mario 
Ridolfi for the one in Piazza Bologna (1933-35), Ernesto 
La Padula for the Palazzo della Civiltà Italiana (1937-
43), Giuseppe Samonà together with Guido Viola for the 
Casa del Fascio of Messina (1940), and other architects 
and engineers that are part of a list that should be extend-
ed [10–12].

Hence, the stone shell of these buildings should be 
protected as technical culture evidence of the historical 
period in which they were conceived. However, this has 
not always been true for different reasons, specific to 
each case and context, which can only be deduced from 
a critical reading of Construction History.

Almost a century after its realisation, the cladding of 
the Central and Maritime Station of Messina presents 
conflicts in materials and composition that indict chang-
es to the original configuration of the stone finish layer. 
The lack of documentary sources does not allow the re-
construction of the phases that characterised the past of 
the railway complex with an appropriate abundance of 
information, leaving doubts about dates, type, and extent 
of the interventions [13].

The damage caused by the bombardment in 1943 was 
certainly huge; less than a lustrum had passed since the 
end of the construction, dated March 31st 1940. For re-
pairs, 10,000 m2 of “travertine slabs and other marbles” 
were needed [14]. Although no distinction was made 
among stone elements necessary for vertical, horizontal, 
external and internal surfaces, thanks to the photographic 
documentation it is possible to assert that the more sig-
nificant amount was used to restore the outer side of the 
envelope (Fig. 3). To comprehend the magnitude, bear-
ing in mind the plan metric and altimetry dimensions of 
the railway complex – a frontage of about 600 m and an 
average height of 10 m – this quantity would correspond 
to the cladding of a façade with an extension of one ki-
lometre.

Regardless of the ideological reasons, which with 
difficulty may be separated from “necessary” subjuga-
tions to the regime wills, the use of natural stone as a 
finish solution was real technological experimentation, 
in the desired opposition to its “artificial” version that in 
previous years had distinguished the majority of shells. 
The engineer Mazzoni, as a representative of the Work 
and Construction Service of the Ministry of Commu-
nications, included in his repertoire numerous designs 
of postal buildings and railway complexes in which he 
applied the stone facing [7, 8], firmly supporting the 
innovative application of this stylistic feature: “Stone, 
marble, granite have lost their weight, but have acquired 
the absolute beauty of their colour and their natural 
structure, of their soul. These load-bearing and architec-
tural materials become decorative and protective. They 
make modern buildings beautiful and protect them from 
atmospheric agents. […] Our immediate predecessors 
[…] resorted to artificial stone. Appearance, hypocrisy, 
democracy. I have these faults too. At that moment, I 
stammered, and I had not yet achieved that confidence, 
which now allows me to choose the good and the evil 
with certainty” [9].

Leaving behind the tectonic concept of the stone ma-
terial led to the production of slabs of limited thickness 
and with complex shaping processes, that reproduce lin-
ear and curved profiles; besides, more often than not the 
trend was to reject the staggering joints because it was 
not necessary to even evoke correct laying criteria since 
the new “facing” function did not require it.

Similar to what Mazzoni did, many designers chose 
this lexicon that needed ability in architectural compo-
sition and technological knowledge. The planning had 
to be based on modularity criteria, deducible from the 
Abacus of Stones (where the geometric-dimensional and 
material characteristics of the modules were specified), 
and on the resolution of problems concerning the con-
nection of slabs to the support, so the construction sites 
became the hotbed of innovation [10].

Therefore, there was a conspicuous architectural 
production that characterised the entire Italian territory, 
with examples in large or medium-sized cities, both of 
old establishment and born during the Fascist period. 
From Bolzano to Ragusa, from Rome to Littoria (now-
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to maintenance programs, can neither be documentable 
nor datable.

This has unfortunately led to re-creations that are not 
always in line with the formal requirements defined by 
Mazzoni, perhaps succeeded by economic reasons and 
poor operative accuracy and supported by the absence 
of a protective restriction, which came only in 2002 and 
uniquely for the Maritime Station [15].

A portion of the Passenger Building of the Central 
Station is emblematic: originally it was a portico marked 
by pillars covered with travertine slabs; that over the 
time, due to its use, was closed proposing the “same” 
stone cladding of the existing shell; some slabs were re-
placed with others of a type of travertine dissimilar from 
that already employed, with different chromatic varieties 

There is only fragmentary evidence about subsequent 
interventions on the travertine slabs. However, from the 
comparison among the drawings of the original design, 
of the state of affairs in the 1980s, and of the extraor-
dinary maintenance project carried out in 2001, some 
external and internal walls were added consequently to 
the modification of spaces; stone coverings were used 
to evoke the stylistic feature, often similar and using 
materials coming from different quarries. Even though 
it was easily deducible from a simple visual examina-
tion, it was discovered that specific actions on the finish 
layer with replacement or consolidation of slabs were 
performed over the years for natural and/or anthropic 
degradation amplified by the effects of vibrations gen-
erated by rail traffic. These works, which did not belong 

Fig. 3. War damages to the covering of the Station of Messina (Scinia Collection) [14].
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ical, chemical and thermo-hygrometric behaviour but 
also to conduct assessments to guarantee the protection 
of technical-cultural reasons, to safeguard memory and 
function.

3. AN H-BIM OBJECT FOR A SHELL 
WITH STONE FACING: FROM THE 
SPECIFICATIONS OF THE MODEL TO THE 
“TIME” FACTOR

The portfolio of an H-BIM object should include the 
contents necessary to reconstruct the evolution or invo-
lution regarding the considered technical element. How-
ever, this presumes the creation of a model that is able 
to incorporate, return and process them and in which pa-
rameterising the “time” factor, providing the virtual en-
tity also “archival” purposes to accept past, present, and 
future information of the real system it represents.

In the case of a shell with a stone material facing, 
the protection of material and technological specifici-

and porosity degree that have influenced the aesthetic 
rendering; the choice of arranging the slabs with veins 
orthogonal to those of the pre-existing elements could in-
stead be read as a sign of recognition of the intervention, 
since the same approach was also found in contemporary 
restoration solutions adopted in Messina for other build-
ings (Fig. 4).

Therefore, the failure to respect formal qualities can 
be attributed to an incorrect approach to maintenance, 
which is not often based on overall logics. The specific 
features of a building should be preserved, although it 
is not subject to protective restrictions, because they are 
an expression of cultural heritage. Greater control could 
be achieved if the interventions carried out over the time 
were traced to reach an accurate knowledge and man-
agement of the facing. In this sense, a result would be 
obtained with “H-BIM objects” to be considered as more 
complete data collection channels than traditional para-
metric objects. By processing the informative contents, 
it is possible not only to estimate the physical, mechan-

Fig. 4. Front of the Passenger Building of the Central Station.
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• an internal plaster finish of 3 cm (so defined for 
simplicity of dissertation, although the adoption of stone 
slabs may also be observed for these surfaces).

Nevertheless, a limit has been found during the defi-
nition of the multifunctional package: each layer can be 
represented and described, but it is not possible to dif-
ferentiate the properties within it. This is particularly re-
strictive for a stone material facing because, although it 
is allowed to define its thickness and give information 
on the adopted stone variety, the slabs can be reproduced 
only graphically attributing a pattern to show their step 
in the horizontal section of the layer (Fig. 5). Such con-
figuration does not satisfy the expected results of the re-
search that aims to create a model through which a more 
detailed characterisation of this finish type should be 
achieved.

Therefore, the modelling of a virtual “data container” 
has had to be conceived from scratch, because suitable 
solutions have not even been found in the online sharing 
platforms of parametric virtual objects that were consult-
ed [16]. This confirms that for existing buildings it is not 
always possible to benefit from one of the advantages 
advertised by users of BIM software that is the possi-
bility of employing already “pre-packaged” informative 
objects, provided by companies that develop computer 
programs or by those that design technological solutions.

ties could be more effective if a precise knowledge of 
its elements and of the interventions carried out over the 
years was reached. Therefore, the related H-BIM objects 
should be modelled to satisfy these needs and originate 
more aware and proper maintenance actions.

The first step in defining a possible methodological 
approach has concerned the creation of the vertical clo-
sure model with external finish in travertine slabs of the 
Station of Messina, identified as an “excerpt” on which 
to test the course of the research, using software of BIM 
authoring for architectural modelling of the Autodesk® 
Revit type, currently in use, not excluding subsequent 
checks with other programs. In the BIM language, the 
vertical closure, as a technological unit, falls within 
the system families. Starting from the most similar type 
among the “basic walls” provided by the software, a mod-
ification has been made to reproduce the desired stratig-
raphy. For the variability of the geometric-dimensional 
characteristics of the construction elements deduced by 
the original design documents, a study configuration has 
been undertaken having:

• an external finish in flat slabs of Alcamo Travertine 
of 3 cm thickness;

• a layer of mortar of 2 cm;
• a resistant part in masonry or reinforced concrete 

of 30 cm;

Fig. 5. Stratigraphy of the vertical closure obtained by modifying the “basic wall” more similar to that of the Station of Messina in which the facing 
slabs can be represented only with a pattern.
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mended if it is necessary to reproduce components to be 
inserted within a wall or on its external or internal surfaces.

Although the front part of the Station of Messina has 
joints of about 2-3 mm filled with mortar, and therefore 
their graphic representation could be neglected, the BIM 
object has been designed to be applied even if they have 
larger dimensions.

To facilitate the process, it has been considered prop-
er to create inside the basic wall of the loadable family 
– having non-specific stratigraphy, materials, and thick-
nesses – a slot, obtained using a void extrusion, in which 
to insert the modelled slab as a solid extrusion. The par-
allelepiped has been constrained to six reference planes 
containing its faces, whose relative distances have been 
parameterised to manage, through the family parame-
ters, the dimensions of the virtual object, namely width, 
height, and thickness (Fig. 6).

Conversely, a more functional model of a wall with 
a stone coating could be obtained considering it as the 
composition of two families: a system one, to reproduce 
its stratigraphy except for the external finish layer, and 
others loadable, one for each type of slab.

Indeed, the original design drawings of the Station 
of Messina’s envelope show that slabs with different 
morphology were conceived according to the linear or 
curved profiles of the construction elements to be cov-
ered. Therefore, some have a rectangular cross-section 
and others were shaped so that the face of the stone ele-
ment follows the concavity or convexity of the non-linear 
portions of the wall to increase, in the absence of metal 
fastening devices, the surface of adherence slab/mortar.

By considering for simplicity a stone element with a 
rectangular section, the loadable family has been created 
starting from the metric generic model wall based, recom-

Fig. 6. Flat slab, a “Loadable Family” constituted by a void extrusion and a solid one.
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replacement of damaged or degraded stone elements) 
(Fig. 7).

The procedure, replicated for the other two types 
of slabs with concave and convex faces, will allow the 
re-creation in the BIM software of the Abacus of Stones, 
present in the drawings of the executive project, in which 
each type of slab is identified through a code called “mar-
ca” (Fig. 8).

Hence, the BIM object becomes the virtual mini-
mum unit of the cladding that, loaded in the project file, 
can be modified “as a type”, to permit the dimensional 
variations of the rectangular cross-section slabs, and 
“as an instance”, to differentiate the properties of each 
element that can be changed over the time compared 
to the original homogeneous configuration (for exam-
ple a different variety of travertine adopted in case of 

Fig. 8. From the “Original” Abacus of Stones to the “Virtual” one: the choice of slabs by the Type Selector (MART, Fond “Angiolo Mazzoni”, left).

Fig. 7. The Flat Slab in the project file, changes “of type” and “of instance”.
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plication to trace the interventions conducted over time 
still does not seem so effective [17]. Indeed, although 
through the Manage/Phases command it is possible to 
introduce those recognised in the Construction History 
of a building, only one phase can be assigned to an ob-
ject, without the opportunity of attributing information 
about actions carried out after the moment of “creation”, 
such as maintenance and restoration. The application for 
the cladding of the Station of Messina, damaged during 
the Second World War and subject to several changes in 
the following decades, has demonstrated the limits of the 
use of phases to narrate its historical evolution or invo-
lution (Fig. 10).

If it is therefore tricky to parameterise the “time” 
factor, changes of a construction element could be doc-
umented by inserting images in the Properties Panel. 
Although this option can be presented as a chance to tes-
tify the phases by associating the relative technical and 
photographic documentation, it is actually a simple col-
lection of digital products that cannot be either organised 
according to appropriate sorting criteria or described to 
highlight the peculiarities. This would result in an un-
structured data container that would not satisfy the “ar-
chival” purposes required to an H-BIM object.

The functions offered by parametric modelling soft-
ware for existing constructions, especially if historical, 

The system family used to reproduce the “stratigra-
phy of the envelope except for the finish layer” must 
be shaped to accommodate the slabs inside and also to 
consider, expanding the fields of application, the mortar 
used for the joints. Therefore, a virtual thickness has to 
be attributed to the mortar layer that must also include 
the depth of the slabs; in this way, the latter will find their 
place in the substrate thanks to the void extrusion created 
in the loadable family (Fig. 9).

A more suitable model has thus been prepared for the 
management of a stone material facing with the possibil-
ity of querying the individual slabs, investigating their 
properties at a greater level of detail than that of the en-
tire coating system.

However, it is necessary to understand how to attri-
bute diachronic informative contents, thanks to which to 
confer the qualification of “H-BIM” to a virtual object 
modelled for existing buildings. The question is how to 
return and provide documentary evidence of the succes-
sion of interventions that have affected the shell and in 
particular the coating.

One possibility could be glimpsed in the project 
phases. More commonly, this function is used in the case 
of renovations to highlight demolition and reconstruc-
tion operations and therefore to move from a state of 
affairs to a project configuration. Nevertheless, their ap-

Fig. 9. Configuration of the shell, a proposal to consider mortar joints.
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rent state of affairs, and benefit from a guide for future 
interventions. Despite recognising the advantages that 
would derive from its introduction, it is difficult to pro-
ceed with the regulatory implementation due to detrac-
tors that underline the burden of its redaction especially 
for the existing historical buildings [4].

New scenarios seem to emerge with the support of 
BIM, whose informative inclination is compatible with 
the necessity of “geometric-dimensional and techni-
cal-construction description” required by the operative 
tool. It is not a coincidence that the Italian standard re-
garding this methodology, UNI 11337 Edilizia e opere di 
ingegneria civile - Gestione digitale dei processi infor-
mativi delle costruzioni (Construction and civil engineer-
ing works - Digital management of building informative 
processes), has dedicated its ninth part to the Building 

are still unfortunately insufficient. The problem does not 
lie so much in the creation of the virtual equivalent of the 
construction element as in the type of informative con-
tents that it can accommodate, especially concerning the 
building past. Tracing interventions would allow con-
ducting, already in the BIM environment, more aware 
evaluations on which to base and plan the maintenance 
actions.

4. HERITAGE-BIM, AN OPPORTUNITY FOR 
THE BUILDING DOSSIER?

A Building Dossier should be configured as a tool for 
multidisciplinary knowledge of an edifice to analyse its 
many aspects (structural, technological, and plant engi-
neering), reconstruct its history from origins to the cur-

Fig. 10. The potential “Construction History” in BIM environment: the phases and the images as instance properties.
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Dossier. However, its contents are not known because 
this section has not been published yet [18].

However, it will be necessary to understand whether 
the “chronicle” needs of interventions carried out over 
a period can also be contemplated in the modelling. A 
productive field of experimentation of the interaction be-
tween the operative tool and the information technology 
(IT) one could be represented by the cultural heritage 
that, in addition to being described from a physical point 
of view, needs to show history and its changes.

Therefore, Heritage-BIM is not a variation of the 
BIM methodology but represents a complete approach 
that satisfies the further need for a more effective “man-
agement” of the building and prepares for more adequate 
Maintenance Plans.
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OPERATIONAL ATLAS OF EXPOSED 
MORTARS AND CONGLOMERATES FOR 
INTERVENTIONS ON THE WIDESPREAD 
ARCHITECTURAL HERITAGE

1. INTRODUCTION

Historical mortars and conglomerates are a distinguish-
ing element in the image of historic buildings; as such, 
they represent a key aspect in their conservation. In par-
ticular, the choice of material is an essential step in the 
correct orientation of any maintenance, recovery or con-
servation work, ensuring compatibility, effectiveness 
and durability over time [1]. The investigation methods 
used for the characterisation of historical mortar sam-

ples taken on-site (from monuments or buildings of high 
cultural and environmental value) are well established 
and widely documented in the literature. The direct aim 
of the investigation phases (Fig. 1) is to support, on a 
case by case basis, the specific formulation of the mate-
rial used for integration (or, more rarely, replacement), 
be it for exposed surfaces, to support the finishing or 
to assist the load-bearing functions. That described is a 
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now: it consists of a network of laboratories and state-
of-the-art instrumental resources, physical and advanced 
digital archives, widely distributed throughout the terri-
tory. This platform, made available to the scientific and 
manufacturing community, makes it possible to support 
high-level research, supporting innovation and conse-
quently the competitiveness of the reference market, by 
sharing cutting-edge instrumental resources in the new 
multidisciplinary field of cultural and natural heritage 
science [2]. Numerous projects respond to the need to 
integrate skills and effectively propagate knowledge, 
usually by creating “scalable” databases, the architecture 
of which increasingly makes use of the potential for in-
teroperability with resources for the modelling of infor-
mation related to spatial entities. [3–5]. Lastly, there are 
plenty of projects that focus on more specific research 
topics, such as the classification and characterisation of 
traditional building materials of historical and cultural 
interest: the knowledge of the historical and technolog-
ical value of the materials used can represent a research 

fundamental moment in the design of each operation, in 
the case of buildings subject to specific protective mea-
sures. On the other hand, it is rarely implemented in the 
case of widespread architectural heritage, even though 
these buildings extensively characterise every local cul-
tural- environmental system considered as the ambitus, 
on a par with elements of recognised monumental value 
(Fig. 2).

This critical aspect highlights the need to implement 
effective programmes aimed at the development of in-
novative instruments for coordinating research, in order 
to promote the sharing and dissemination of the most 
advanced knowledge so that it is accessible and applica-
ble on a broader scale, involving and raising awareness 
among the numerous parties directly concerned with 
widespread heritage.

For the coordination and innovation of scientific re-
search into the more general matter of Science Heritage, 
for example, a widespread research infrastructure, which 
is strategic for Europe, has been set up for some years 

Fig. 1. Serralunga di Crea, Sacro Monte, Chapel 1. A sampling of external render on the south façade (left); Sample 11 (top right); aggregates from 
disgregation of sample 11 (bottom right).



Vol. 6, No. 2 (2020)
TEMA: Technologies  Engineering  Materials  Architecture

87

e-ISSN 2421-4574

From a theoretical point of view, it is necessary to fill 
the current gap between “knowing and doing” by dis-
seminating the method and applied technological doc-
umentation. The current multiplication of responses on 
the market and the apparent availability of “new” and 
easy to apply products, must be supported by a solid and 
widespread basic knowledge.

In more general terms, it is necessary to work case by 
case to guide the choice towards materials which, while 
respecting (or approximating) the current regulatory re-
quirements, reconcile the constitutional requirements 
(which derive from the intrinsic characteristics and are also 
expressed in the value of image), with the performance re-
quirements (which take into account the complex charac-
teristics of the substrate, e.g.: the weaving/construction of 
walls, expressed in behaviour): resulting in compatibility.

The complex methodological framework, the criti-
calities and the goals outlined, with reference to all the 
interventions on the existing heritage for conservation 
purposes, can similarly be applied to those aimed at the 
“innovation of existing elements”, or to new constructions.

For example, we cannot overlook the fact that a wide 
range of currently available materials, formulated in re-
sponse to the application of modern Bio-Eco compati-

strategy, to develop more efficient ways to use them and 
to refine conservation and restoration methods [6, 7].

None of these instruments, however, can effective-
ly meet the requirements of “accessibility”, “technolo-
gy transfer” and extended applicability of results. The 
possibility that excellent research methods and results 
can significantly affect the quality of maintenance, con-
servation and recovery of widespread heritage is still 
generally very limited. The phases that govern their 
conduct, from the diagnostic project to the choice of 
material and its final application, are often affected 
by different and concomitant errors or shortcomings. 
This means that in a present in which the progress of 
knowledge is supported by the availability of refined 
investigation and analysis procedures and in a techno-
logical context which would make it possible to fulfil 
the production of very high-quality materials, it is be-
coming increasingly complex to operate in such a way 
as to limit the repetition of operations that soon turn out 
to be ineffective [8, 9].

The causes of these failures often depend on design 
shortcomings, which are then reflected in the subsequent 
phases with the choice and application of inappropriate 
materials.

Fig. 2. Serralunga di Crea, Sacro Monte, Chapel 1. Main façade (right) and damage at the base of the northern façade (left).



Vol. 6, No. 2 (2020)
TEMA: Technologies  Engineering  Materials  Architecture

88

e-ISSN 2421-4574

Previous research developed at the Department of Struc-
tural and Geotechnical Building Engineering (from now 
on DISEG, formerly Department of Building and Terri-
torial Systems Engineering) of the Politecnico di Torino, 
on the general topic of masonry surfaces in historical 
buildings, has produced significant results, including 
the Permanent Collection in two sections, “Natural dyes 
and earth-based dyes” (prepared by G.P. Scarzella) and 
“Review of local sands and mortars”. These researches 
were launched with the main goal of recovering and doc-
umenting materials, principles and operational criteria of 
tradition (on the basis of scientific knowledge) necessary 
and essential for the development of compatible proce-
dures for conservation, by virtue of their documentary 
value and technological testimony, together with their 
recognised environmental cultural value. The materials 
exhibited in the two sections are organised into homo-
geneous territorial areas (also respecting the geopolitical 
subdivision of the pre-unification Italian territory).

The materials displayed in the two sections of the 
DISEG collections are arranged according to homoge-
neous territorial areas, in keeping with the need to doc-
ument the wide variety of solutions and image values 
associated with the historically consolidated use of local 
materials, creating a solid conceptual basis for the subse-
quent definition of an Atlas.

Also with reference to specific solutions prepared for 
conservation interventions on widespread heritage, each 
element of the rich collection is accompanied by sam-
ples of original materials (historical mortars or plasters 
collected on-site, also from study sites), samples of lo-
cal sands sifted according to different grain size classes 
(Fig. 3) and the respective laboratory samples obtained 
from specific formulations (with the definition of appro-
priate grading curves).

The collection and cataloguing of local sands used 
historically are continuously increased, both with sys-
tematic procedures for territorial areas and with refer-
ence to further analysis for case studies dealt with gradu-
ally during research projects.

The knowledge acquired through the research men-
tioned in abstract form the basis for the definition of spe-
cific suitable and effective application solutions. Numer-
ous experimental studies have been carried out for the 

bility assessment protocols, also draw extensively on 
technological knowledge already consolidated in ancient 
times. It is now widely recognised the intrinsic ability 
of materials (historically derived from the use of local-
ly available raw materials) to meet “sustainability” cri-
teria (ante litteram). In this case also, the “quality” of 
the product represents a necessary condition but is not 
sufficient to guarantee the “quality” of the interventions 
(there are no such things as “good” and “bad” materials, 
there are materials that are suitable for the specific case, 
which must be applied correctly): the expected effective-
ness can be compromised by incorrect application cycles 
and, even before that, by the proven incompatibility of 
the material chosen with the characteristics of the “mod-
ern” supports to which they are to be applied.

It is on the basis of these reflections and the current 
state of the art that two main requirements are outlined.

The first, methodological: it is necessary to reconcile 
the knowledge of tradition with the know-how brought 
about by innovation. The second, of a practical application 
type: it is necessary to further the knowledge of historical 
mortars and conglomerates in order to accompany the re-
sults of the constitutional analysis (consolidated in terms 
of the method and with a good level of dissemination of 
the results) with those of the performance analysis, with 
particular reference to the mechanical behaviour.

This contribution outlines the methodological ap-
proach for setting up an operational tool, in the form of 
an atlas, for the current selection and application of tra-
ditional local mortars and conglomerates, in response to 
the first requirement. It illustrates the results of a phase of 
experimental tests for the mechanical characterisation of 
traditional mortars, in response to the second requirement.

2. FROM THE KNOWLEDGE OF 
TRADITIONAL TECHNIQUES TO 
THE DEVELOPMENT OF EFFECTIVE 
OPERATING METHODS AND SUITABLE 
APPLICATION SOLUTIONS 

The investigations underway represent a specific de-
velopment of the general topic of masonry surfaces in 
historical buildings, with particular reference to the re-
newed knowledge of historical materials and techniques. 
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3. METHOD AND STRUCTURE OF THE ATLAS 

The methodological approach and the consolidated re-
sults of the research illustrated in paragraph 2 form the 
solid basis for the current in-depth study, which slots into 
the international scientific debate in an organic and dia-
lectical way, sensitive to the topic of the characterisation 
of mortars as a specific and foundational phase for the 
activity of each restoration site [11–13].

The set of reference data (composition, grading curve, 
constitutional characteristics, experimental results for 
physical and mechanical characterisation, data on compat-
ibility with different types of the substrate) will be progres-
sively arranged into a methodological, operational and in-
teractive tool, aimed at supporting the investigation phases 
and, consequently, at effectively guiding the choice of the 
most suitable material for the specific case, from the point 
of view of aesthetic, physical-chemical and mechanical 
compatibility. The deposit of georeferenced data, both with 
reference to the geographical location of the structures in 
our case studies and, particularly, the place of origin of the 
local material used historically and subject to analysis; or, 
again, to the location of historical and current quarrying 
sites. Such mapping, in relation to special cartographic 
levels, mainly geological, will make it possible to identify 
possible horizons common to different areas, favouring the 
use of materials similar to those historically quarried, even 
in the absence of sites that are still active (Fig. 4).

From an operational point of view, the architecture of 
the data in the atlas, and particularly the way in which its 
scientific and technological contents are consulted and 

characterisation of historical mortars and conglomerates, 
including fatigue tests and thermo-hygrometric tests to 
identify, case by case, the most durable repair mortar 
compatible with a specific historical masonry. The ex-
perimental characterisation phase and the subsequent 
formulation of ad hoc mortars made it possible to effec-
tively support the choice of the most compatible material 
in important restoration sites [10].

Fig. 3. Sands from the DISEG permanent collection, sampled at (from 
left to right): Ostola creek, near Masserano; San Damiano, loc. Cami-
nello; San Damiano, loc. Caminello, from a  different geological strat-
ification; Varaita creek, near Fontanile; Toce river, at Crevola d’Ossola.

Fig. 4. Masserano, Ostola creek; geological map and related key. 
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In this case, an out-in-outchoose procedure is devel-
oped:

- out: comparison and methodological support in 
choosing surveys, based on similar cases cata-
logued in the atlas;

- in: deposit of the knowledge gained from the case-
study in question;

- out-choose: support with the choice of the materi-
al, based on the specific formulations catalogued 
in the atlas.

C) interventions without:
- the possibility to carry out diagnostic surveys;
- and with the need to use premixed solution, resort-

ing to defined executive methods;
In this case, an out-outchoose procedure is developed:
- out: identification of the most similar case among 

those catalogued in the atlas;
- out-choose: support with the choice of the materi-

al, based on the specific formulations catalogued 
in the atlas.

D) interventions without:
- the possibility to carry out diagnostic surveys;
- and with the possibility to use locally available 

materials mixed at the time of use by experts with 
full knowledge of the traditional techniques. 

In this case, an out-out.in- outchoose procedure is de-
veloped:

- out: identification of the most similar case among 
those catalogued in the atlas;

- out.in (the atlas can be enriched with new case-his-
tories);

- out-choose: support with the choice of the materi-
al, based on the specific formulations catalogued 
in the atlas.

Common to each type of utility will be the systematic 
deposit of documentation in the appropriate appendix: qua-
li-quantitative, in cases A), B) and D), or qualitative only, 
in case C). The aim of this is to monitor the behaviour of 
the individual materials over time, in relation to the phys-
ical and environmental context of their application, which 
is conditioned by the implementation procedures.

The project of the operational scientific atlas is ac-
companied by an experimental research activity planned 
in the laboratory. Numerous mixtures of mortars charac-

integrated, will allow different possibilities of interac-
tion, also as a consequence of the characteristics of each 
intervention.

With particular reference to work on existing struc-
tures, from the methodological point of view there are four 
different operating methods (in relation to the possible 
boundary conditions) of “utility” (the language and coding 
used in the description of this paragraph are functional to 
the structure of the data architecture of the interactive tool):

A) interventions of excellence, with the possibility to:
- carry out in-depth diagnostic surveys; 
- ormulate a suitable material ad hoc; 
- define specific operational application methods. 
In this case, an out-in-outnew-in procedure is devel-

oped:
- out: comparison and methodological support in 

choosing surveys, based on similar cases cata-
logued in the atlas;

- in: deposit of the knowledge gained from the case-
study in question;

- outnew: support with the elaboration of the formu-
lations ad-hoc;

- in: deposit and cataloguing of the innovative for-
mulation produced for the case-study in question.

B) interventions with:
- the possibility to carry out diagnostic surveys 

based on a specific survey project;
- the need to use pre-formulated solutions and oper-

ational methods that have already been outlined;

Fig. 5. Image of an external render of the apse of a local church (see the 
red sand a) shown in Fig. 3, the sampling point of which is the red point 
on the map shown in Fig. 4.
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approach, influencing the quality of the results achieved. 
A specific component of the atlas consists of a guide to 
the correct and unambiguous identification and classifica-
tion of types of mortar and conglomerate, with the aim of 
outlining the variety and complexity behind said classifi-
cation, also appropriately reconciling the legislative data. 
This is why it is essential to envisage the preparation of 
a “connection” that leads to the definition of a limited 
range of suitable solutions, among those available and is 
continuously harmonised and updated (The main lexical 
references used as terminology and definitions are refer-
able to the standards in force in the sector, such as – by 
way of non-limiting example: UNI 10924:2001, UNI EN 
1015:2007 and subsequent updates).

The specific aims of the research include the assess-
ment of the mechanical characteristics (resistance to 
compression and flexion, dynamic elastic modulus and 

terised by a single aggregate distribution curve as pro-
ject invariable are being formulated and packaged. The 
sand used is siliceous and comes from Pliocene deposits 
of the Tertiary Basin in Cisterna d’Asti. More precisely, 
they consist of Pliocene sediments. Asti Sands - Alter-
nating sand - clay (Villafranchiano) and are more or less 
stratified yellow sands, with gravelly layers and marly, 
calcarenite and calcirudite intercalations; microfauna – 
in the marly interlayers – in Bolivina (Geological Map 
of Italy, 1:100,000, sheet 69). Material is taken from the 
Bricco Toni quarry. (http://193.206.192.231/carta_geo-
logica_italia/tavoletta.php?foglio=69). The sand is wet 
sifted in the quarry so that it can be classified for indus-
trial production purposes. In the laboratory, new sifting 
and mixing operations are carried out to ensure that the 
distribution of aggregates is always uniform.

Mixture variables are the types of binder and bind-
er/aggregate ratios. 30 standardised specimens are pro-
duced for each type of mixture, and mechanical char-
acterisation tests are carried out. The specific aim is to 
obtain numerical reference values for the different types 
of mortar, to be used with different types of substrate.

This provides a useful tool for operators already in 
the preliminary decision-making process of planning in-
terventions.

4. TYPES OF MORTARS AND THEIR 
BEHAVIOUR: FROM THE FORMULATION 
OF THE MIXTURE TO PERFORMANCE 
CHARACTERISATION 

Once a solid methodological basis has been established, 
the effectiveness of an operational tool requires simpli-
fied criteria, to guarantee its applicability, also modulated 
according to different levels of detail (potentially differ-
ent for each situation). Similarly to the synthetic identifi-
cation of the possible cases of intervention outlined in the 
previous paragraph 3, it is, therefore, necessary to accom-
pany the atlas with multiple criteria for the classification 
of material, functional to the construction of a reference 
matrix to outline complex paths according to the different 
combinations that are possible. Sensitivity and prepara-
tion of all those involved, the specificity of the case, con-
ditions and criticality of the context will help guide the 

Fig. 6. DISEG Laboratory storage. Sets of mortar specimens of Group 1 
(standard size, according to UNI EN 1015:2007).
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At the end of Phase Two, when it is considered that 
the amount of experimental data available can be consid-
ered statistically significant, a specific transversal phase 
will be launched, aimed at verifying known methods for 
the dimensional reconfiguration of samples to undergo 
mechanical behaviour tests, for the comparison and vali-
dation of results [14].

5. THE EXPERIMENTAL RESULTS OF SET I 

For each formulation of Group 1 mortars, test speci-
mens of set I) underwent laboratory tests to determine 
the modulus of elasticity using an ultrasound device. The 
tests (ultrasound test is described by UNI EN 12504-4: 
2005) were carried out both on standardised specimens 
and on specimens measuring 30x30x300 mm.

This non-destructive and repeatable survey allows 
various observations [15]; the flight times obtained were 
used to calculate the dynamic modulus of elasticity Ed, 
according to (1):

Εd = νm2 ∙ ρm     (1)
where vm is the mean propagation speed (m/s), ρm 

the mean density of the material considered (kg/m3).

static elastic modulus) of mortars formulated with refer-
ence to traditional types of mortar among the most com-
mon and widespread in the historical building industry. 
Mortars were formulated and produced for a test cam-
paign (Group 1): three sets of specimens (Fig. 6) were 
prepared (in two series: a - standard size 40x40x160 mm 
[according to UNI 1015:2007] and b - size 30x30x300 
mm), respectively: set I) for 28-day tests; set II) for 120-
day tests; set III) for the cataloguing and archiving of 
the material inventory that accompanies the atlas. The 
results of the tests carried out on this set of samples (28-
day tests) are presented in paragraph 5 below.

Additional phases are currently being developed:
- characterisation of the second set of specimens, 

stored in an uncontrolled environment;
- packaging of the samples in Group 2;
- replica of two sets (IV) and (V) of samples from 

Group 1, for ageing in a climatic chamber (T and 
RH checked with cycles at pre-set intervals) and 
subsequently testing for mechanical characterisa-
tion, in order to compare the results obtained from 
the tests on set II (in an uncontrolled environment 
at 120 days).

Fig. 7. Samples of set I, Group 1 tested to compression resistance according to UNI EN 1015-11:2007.
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6. DISCUSSION OF THE RESULTS AND 
PROSPECTS 

The elastic modulus of materials is of great importance, 
especially in the presence of coupled materials (e.g. in 
the case of plaster applied to masonry or mortar for bed-
ding joints). As the mortar applied on-site starts to set 
and harden, it is inevitably subject to shrinkage, which 
can cause deformations (albeit controlled), only par-
tially transmitted to the masonry. The coupling and the 
bond between the original masonry substrate and the 
restoration mortar inevitably create deformations of the 
materials when they are subject to different types of cy-
clic stress (thermo-hygrometric or mechanical) linked to 
their working life [17]. We know that the value of these 
deformations is proportional to the elastic modulus of 
the material; to prevent possible recurring problems, it 
is necessary for there to be adequate mechanical com-
patibility between the two materials [18]. In general, the 
results obtained with the test campaigns have confirmed 
the values expected for each group of mixtures; with ref-
erence to the most common types of masonry substrate 
[19, 20] of widespread heritage (bricks, mixed masonry 
such as listed or ordinary masonry in compliance with 
Savoy specifications) the first results obtained already 
offer the possibility to guide design choices.

The set of samples with the highest mean Ed value 
consists of cement or cement and lime putty (category 
H), with the exception of samples for which the amount 
of lime putty is predominant compared to cement (H4 
and H8). In general, the high speed of the formulations 
corresponding to categories H and O2 is probably due to 
the fact that the samples have a high density. On the other 
hand, the lowest absolute values of Ed were recorded by 
the specimens made with hydraulic lime (category G). 
Comparing the values of mortars G1 and G2 it was pos-
sible to see how the amount of hydraulic lime in the mix-
ture influenced the Ed value; the aggregate/binder ratio 
influenced the density of the samples, which is directly 
proportional to Ed.

For a comparison with the experimental results of the 
elastic modulus, the flexion and compression resistance 
tests described in UNI EN 1015-11:2007 (Fig. 7) were 
also performed (first set of specimens) [16]. The results 
of the resistance to compression (Fig. 8), confirmed a 
tendency towards values already observed in the mea-
surement of the dynamic elasticity modulus.

The first results of the flexion tests (performed with 
three substrates) on mortars G-H-I-L also confirmed the 
trend detected by the results of the remaining formula-
tions, and therefore the mechanical characteristics previ-
ously obtained.

	

Fig. 8. Medium values of compressive strength and dynamic elastic modulus for each mortar composition of set I, Group 1.
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[6]   Santos Silva A, Lima J, Veiga MdR DB-Heritage: Database of 
building materials with historical and heritage interest. (Base 
de dados de materiais de construção com interesse histórico e 
patrimonial - PTDC / EPH-PAT / 4684/2014). http://db-heritage.
lnec.pt/

[7]   Santos Silva A, Giollo R, João Correia M, Veiga MdR, Faria 
P (2019) DB- Heritage: A database of mortars composition and 
characteristics. In: RILEM, Proceedings of the 5th Historic Mor-
tars Conference 130, pp 516–528 
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analysis for the durability prequalification of strengthening 
mortars. In: Journal of physics. Conference series 305 Dam-
age Assessment of Structures (Damage in concrete structures 
012041). University of Oxford. http://dx.doi.org/10.1088/1742-
6596/305/1/012041

[9]   Bocca P, Grazzini A (2011) Durability evaluation of strengthen-
ing mortars applied to historical masonry structures. In: Zachar 
J, Claisse P, Naik TR, Ganjian E (eds) Proceedings of the 2nd 
International Conference on Sustainable Construction Materials 
and Technologies 3, pp 1419–1429

[10]   Formia A, Serra CL, Zerbinatti M, Tulliani JM (2014) The 
plasters of the Sacro Monte of Varallo Sesia. From the char-
acterisation to the proposition of a restorative mix. In: Case 
Studies in Construction Materials 1: 46–52 Elsevier. 10.1016/j.
cscm.2014.04.001

[11]   Freire T, Silva AS, Veiga R, De Brito J (2010) Characterisation 
of Portuguese historical gypsum mortars: a comparison be-
tween two case studies. In: Materials Science Forum 636-637: 
1258–1265

[12]   Veiga R, Fragata A, Velosa AL, Magalhaes AC, Goreti M (2010) 
Lime-based mortars: viability for use as substitution renders in 
historical buildings. In: International Journal of Architectural 
Heritage 4: 177–195

[13]   Veiga R, Silva AS, Tavares M, Santos AR, Ampreia N (2013) 
Characterisation of renders and plasters from a 16th Century 
Portuguese Military Structure: chronology and durability. In: 
Restoration of Buildings and Monuments 19-4: 223–228

[14]   Magalhães A, Veiga R (2009) Physical and mechanical char-
acterisation of historic mortars. Application to the evaluation 
of the state of conservation. In: Materiales de Construcciòn 
59(295): 61–77. doi: 10.3989/mc.2009.419070

[15]   Grazzini A, Zerbinatti M, Fasana S (2019) Mechanical charac-
terisation of mortars used in the restoration of historical build-
ings: an operative atlas for maintenance and conservation. In: 
IOP Conference Series: Materials Science and Engineering 
629: 1–7. http://dx.doi.org/10.1088/1757-899X/629/1/012024

[16]   Standard UNI EN 1015-11:2007 Metodi di prova per malte 
per opere murarie - Parte 11: Determinazione della resistenza a 
flessione e a compressione della malta indurita

[17]   Bocca P, Grazzini A (2013) Mechanical properties and freeze-
thaw durability of strengthening mortars. In: Journal of Materi-

As a second approximation, differences in binder 
and binder/aggregate ratios (e.g. mortar type G3, for the 
group of mortars with hydraulic lime) make it possible 
to refine the knowledge of the mechanical properties of a 
larger number of mixtures; in practice, this makes it pos-
sible to better approximate the behaviour of the pre-ex-
isting homologous material.

Given the importance of the requirement in question 
for the durability of any maintenance, conservation or 
consolidation work, the atlas under construction will be 
accompanied by reference values of the elastic modulus 
of the mortars investigated.

The framework of needs and contextual conditions, 
to which employees must refer, is complex and articu-
late: the effective coordination of knowledge is a stra-
tegic condition to ensure a high-quality level of work. 
The operational atlas is proposed as a methodological 
and practical tool, with the ambitious aim of helping fill 
the current gap between “knowing and doing” from the 
bottom up.

The set of data collected and arranged will be able 
to support the survey phases, and the choice and appli-
cation of mortars and conglomerates to respond to the 
needs and critical issues of specific construction sites.
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