Nuts ¢Bolts

O Culture, Technology
and Society

Construction

&
HlStOI ; ?S/;::ec? by: Robert Carvais,

André Guillerme, Valérie Negre,
Joel Sakarovitch




his collection presents a state of international research in the

history of construction, like a palace organized through 240

independently constituted elements. It defends a history of
construction open to all cultures, desiring to balance the engineering
sciences with the humanities and social sciences. It seeks to update
existing axes of research by taking into account the profound changes
sweeping across our planet through the framework of sustainable devel-
opment and cohabitation. Building is thus excavated by archaeologists,
leafed through by archivists and construed by historians and practition-
ers. They are all there, men and women, both famous and forgotten:
masons, carpenters, locksmiths, roofers, draftsmen, architects, engi-
neers, contractors, developers, experts, economists and lawyers. Equally
present are the forces that have shaped the constructive field: institu-
tions that direct, companies that innovate, work forces that produce and
controversies that emerge.

These essays bring to life centuries of a history built, recorded, lived and
ruined according to the changing temporalities of cities and sensibilities
of societies. After Madrid [2003], Cambridge [2006] and Cottbus [2009],
Paris celebrates in 2012 the 4" International Congress of Construction
History with this collection. The themes revolve around three pillars:
knowledge, people and objects. Methods and tools are improving
through the development of heritage restoration and digital technolo-
gies. New historical thematics are appearing such as energy, natural and
technological risk prevention, material recycling, diffusion and trans-
fer of knowledge in colonial situations, modern re-appropriation of old
techniques, legal frameworks, economics and institutions, craftsmen’s
tasks, construction site organization, labor in construction, contractor
responsibility and public authority involvement in building industries.

Two thousand pages in three volumes covering 12 millennia:
a monumental challenge equal to a constructive venture.

Il

120 € @

Les J volumes ne peuvent 8tre vendus séparement.
ISEN - 978-2-7084-0829-3 ©




Table of Contents [l

Table of Contents

Volume 3

[For the complete Table of Contents, see the end of this volume|

5. TECHNOLOGY

— Foundations & Masonry

The Achievement of Structural Stability

in the Drystone Iron-Age Broch Towers

in North Scotland, Dimitris Theodossopoulos,
John Barber, Graeme Cavers, Andy Heald...... 3

Masanry Constructions as Built Archives:
An Innovative Analytical Approach

#0 Reconstructing the Evolution of Imperial
Opus Testaceum Brickwerk in Rome,

atrold EBeriiniiuasnamsiminidia 13

The Scacnae Frons of the Roman Thearre

of ltilica: Notes on the Construction Process,
Francisco Pinto Puerto, José Maria
R — 21

Foundation Technigues in the Early Modern

Low Countries [1600-1750]: A Problematic

Case — St. Walpurgis in Antwerp,

Maud De Voghe, Krista De Jonge.............. 29

The Pentagon Ramparts and Bastions
of Fortress Rosenberg in Kronach, Germany,
Philip §.C o . L e 37

~ Vaults & Stereotomy

Opus revinctam it Dome and Barrel Vault
Constructions in Roman Asia Minor, Ursula
Quatember, Barbara Thuswaldner.............. 45

The 100 Ft Vaule: The Construction

and Geometry of the Sala dei Baroni

of the Castel Nuovo, Naples, Enrique

Rabasa Diaz, Miguel Angel Alonso-Rodriguer,
Tomas Gil Lopez, Ana Lopez-Mozo,

José Calvo-Lépez, Alberto Sanjurjo Alvarez.... 53

Construction of Early Rib-Vaults
in Croatia, Marina Simuni¢ Burié............. 61

The Chambiges and the Construction
of Vaulted Stone Spiral Starrcases,
Alberto Sanjurjo Alvarez..........cooovvvvveennnn. 67

The Irregular Ribbed Vault of the Sacristy

of the Cathedral of Saint-Jean Bapriste

in Perpignan, Rosa Senent Dominguez,

Miguel Angel Alonso Rodriguez,

Enrique Rabasa Diaz.......ovvicniniiniiinn 75

Late German Gothic Methods

of Vault Design and Their Relationships
with Spanish Ribbed Vaults, Rafael Martin
Talaverano, Carmen Pérez

de los Rios, Rosa Senent Dominguez.......... 83
Safavid Ribbed Vaults

as a4 Masterpiece of Iranian Canstruction
Techniques, Stefania Petralla....cocoooooooioo0 91

The Lecce Vaule: History, Construction
Techniques and New Design Perspectives,
Giiseppe Fallatai ... ucsonapsmmnines 99



IV Nuws ¢ Bolts of Construction History

— Shells & Thin Vaults
Tests on Tile Vaults in France in the 19th
Century, Esther Redondo Martinez............. 107

Pioneer Concrere Shells in Spanish Archirecrure:
The tunovarion System-Design of ldefonso
Sidnchez del Rio, Pepa Cassinello ................. 117

James Havdress de Warenne Waller
and His Contribution to Shell Roof Construction,
Concrete und Fabric Formwork Technologies,

CRnin CORION s sccrsemssesscarosomiamvesmzmess 125
Shell Wars: Franz Dischinger
and Ulrich Finsterwalder, Roland May........ 133

Reinforced Concrete Shells in Estonia
during the Soviet Period: Science
and Practice, Maris Suits.......o.cconimicnnicins 143

~ Wood Structures

A New Approach in Studying the Structural
Systems of Prehistoric Wooden Post Buildings:

A Case Study from Asagn Pinar in Eastern

Thrace, Zeynep Eres, Eylem Ozdogan........ 149

A Roof under One’s Feer: Early Neolithic Roof
Constructions at Gobekli Tepe, Sontheastern
Turkey, Dietmar Kurapkat ...o..coovvcvvrierine 157

Fan-Shaped Bracket Sets and Their Application
in Different Building Materials: A Discussion

of the Chinese Fangmu Tradition

and [in-dynasty Tomb Architecture

in Seuthwest Shanxi Province,

Alexandra Harrer. ....ooveiiviiinisivnrssivesseses 167

Medieval Timber Structures in Fastern
Germany: Archacological Evidence from

Eberswalde, Christof Krauskopf ... 175

Commercial Categories and Applications
of Construction Timber in the Trentino-Verona
Area [19th-16th Centuries), Silvia Dandria.... 183

Wooden ‘Italian’ Wede-Span Roofs of German
19th Century Theatre Buildings, Anja
Wiinnemann, Stefan

M. Holzer, Clemens Voiges....ovvieinines 193

— Metal Structures

Rebuilding St. Petersburgs Winter Palace

in the Context of Early European Steel Structures
1838-1850s: Contemmporary Sources

and Documents, Sergej Fedorov .................. 203

Two Crystal Palaces: Constructive Technology
and Practice; Great Britain 1851 —

United States 1853, Donald Fricdman,

LT L SO 215

Whronght Iron and Steel Structures in Berlin
in Their Prime from 1875 to 1925,
with a Focus on Buildings for the Arts,

L L R Ty T T 225
A Prefabricated Cast Iron Three-Hinged

Arch Bridge in Ljubljana, Lara Slivnik......... 235
Historic Bridge Bearings: Material Research

on Cast Steel, Volker Wetzk ... 243

The Vierendeel Bridge at its Heyday:
Rational Design, Experiments and Brittle
Failure, Bernard ESpion....c...cmcniiimniens 253

— Interior Environment & Energy

Heated Vawlting in Roman Britain
and the Invention of Hollow Terracorta
Voussoirs, Lynne C, Lancaster.....c.covvviiann 261

The Stube: Constructive Evidence for the Concept
of @ Smoke-Free Heated Living Room betioeen

the Alps and Southern Scandinavia,

Rainer Avbachiiciiiaasansmimi 269

The Construction and Integrasion of Historie
Heating Systems in Churches in the United
Kingdom from the 17th 1o the Early

20th Century, Spyridon Papavasileiou,
Magdalini Makrodimitri, James Campbell..... 277

Comfort versus Industry: Maintenance
of the Royal Palaces of Milan during
the 1860, Carlo Manfredi.......ooccoiiiiniin 289

The Military Engineers and Hygiene in Barracks
in the Second Half of the 19th Century,
Francesca Turr, Emanuele Zamperini ....... 299



Scientific Developments of Heating

and Ventilation Professional Unions and Learned
Societies in France during the First Part

of the 20th Century, Emmanuelle Gallo ...... 309

Innovations in Ventilation: Wind Cowls in the
19th Century, Maaike van der Tempel,
Ine Wouters, Filip Descamps,

Hygiene in Belgian Architecrure:
The Case of Victor Horta [1861-1947],
Dirk Van de Vijver......cooomenmnrnissssnssnnns 325

Artificial Light in the Aristocratic Palaces
in the Po Valley between the 17th and 18th
Centuries, Laura Balboni, Paolo Corradini,

Artificial Light in Architecture in France

and ltaly during the First Years of the 20th
Century: From Gas Light to Electric Light,
Giulio Sampaoli.......ccocvnicnnmnnrnmiin 341

The World Health Organization Headquarters

in Geneva [1960-1966/: How Mechanical

and Electrical Services are Integral to Reading
Builr Form, Giulia Marino........c.ccoceiivne. 351

The Morphological Evolution of the Vertical

Axle Windmill between the Second

and the 18th Centuries A.D.,

Kambiz Mosthtaghe Gohari..................... 359

Constructing a Solar House, ¢. 1959,
Daniel AcBatberiuamasnnaamss 367

The Thermal Insulation of Facades
after the O3l Crisis of 1974 to the 80k,
Samaher Wanmous .. i 379

— Prefabrication & Industrialization

Past-War Industrialized Construction Processes
in France and Architectural Flexibiliry,
Lods Divimtiadh iasnomcmpisiss: 38D

The Dismantled War; Barracks
and Indwstrialization of Light Construction
[1914-1918], Kinda Fares......c.ccoovveenrennnn. 395

Table of Contents  V

The Simplification of the Frame: Window
Experiments in the Work of Le Corbusier
in the 19205, Vanessa Fernandez................. 405

Rationalization of Systems and Muterials

in Contstruction in the Spanish Modern Movement:
Fernando Garcia Mercadal, 1921-1937.,

Rafael Hernando de la Cuerda....ovovvcvvivnnnes 413

Concrete Meccanos: Precast Constructions

after the Second World War in the Netherland,
Rafael Garcia Garcit. ..o.oooveorvcrericecnns 421

RerCel: The Development of Floar

and Roaf Assemblies of Precast Conerete

Cells in Colombia, 1949-1989,

Hemando Vargas nsindasinanssni 431

The First ENI-SNAM Headguarters

in San Donato Mtlanese; Some Features

of Industrialization in Construction Technigues
Applied to Office Buildings in the Post Second

World War Period in ltaly, Laura Greco...... 439
Flaine: Mountain City; The Building

of a High Altitude Citadel,

Yvan Delemontey........covcisesiiessessssisisnnss 449

Architectural Expression in the 60s

and the Prefabrication of Formwork,

Maite Palomares Figueres, Jésica Moreno
"uchalr, Veronica Llopis Pulido.........c....... 457

Competing Building Systems: Post-War
University Architecture in the Rubr Area,
Sonja Hnilica, Markus Jager........i 463

— Natural & Technical Risk Prevention

Nor Built in a Day: Awareness
of Vulnerability and Construction Techniques
in Roman Times, Héléne Dessales............... 471

Cellars: Construction and Insulation through
the Beginning of the 20th Century,
Antonia Brauchle .....cooiiivniiiincnnincinnien 479

Tiled Vaults in Western Sicily:

Originality and Continuity of an Imporsed
Building Technique, Giovanni Fata,

Tiziana Campisi, Calogero Vinci......oovnees 487



VI Nuts ¢ Bolws of Construction History

The Use of Vaults in the Reconstruction
of Pambaline Downtown Lisbon,
Jodo Caldas, Rita Lisboi..........cooniiivenrees, 495

The First Earthquake-Resistant Structures
in Japan: Lessons from the Forgotten
Earthquake of Ischia [1883], Nobi [1891)

and San Francisco [1906], Akio Sassa.......... 503
The Roof Frame of the Salon Carré,
Guillaume Fonkenell..........oooooovimiiinn, 515

— Hydraulics

The Historical Aqueduct of Genoa: Materials,
Techniques and History — A Way to Know,
A e Ok s i U N s, 525

Wooden Embankments in the Lagoon Territory
of Capitanata between the 18th and 19¢h
Centuries, Giuseppe Rociola.........c.coevene... 533

Construction Process of the Tsujunkyo

Aqueduct Bridge [1854] — A Case Study

of Japanese Bridge Construction in the Edo
Period, Yasuhiro Honda, Keiko Nagamura,
Ichito Kobayashi ... .ovuemmesossssisssasinisis 541

The Role of the Tsujun Irrigation Canals
Construction and Maintenance in the Creation
of a Cultural Landscape [Shiraito Plateas,
Kumamota, Japan], Naoro Tanaka.............. 549

Water Pumping Planis for Land Drainage

in the Po Valley, A Case Study of The Mantua
Region [1866-1940]: Peaple, Techniques,
Materials, Carlo Togliani.........ccoccvinnnn... 557

— Infrastructure & Public Works

A Cloaca Maxima i the Roman Toun
of Privernum, Lazio, ltaly: The Project, the Plun,
the Construction, Carla Maria Amici ..o ... 565

The Roman Bridges of the Via Traiana: An
Innovative Building System, Ivan Ferrari...... 573

Development and Use of Mechanized Heavy
Construction Equipment in the United States,
Richard C RYAN i 579

Innovation in 19th Century Vaulsed Bridge
Construction, Stefan M. Holzer................... 589

The Timber Trusses of R.W. Smith: History,
Design and Behavior, Stephen Buonopane,
Sarah Ebright, Alex Smith.........cccooviiinnne 599

The Most Important Construction in Babia'
19th Century History: Salvador’s Mountain

Notes on Technological and Architectural

Aspects of London Transport Power

Stations and Substations, 1880-1915,

Matteo Pormino ..., 617

The Highway Comes to the American City:
Antomobility, Urbanity and the Functioning
of City Streess, Ted Shelton ..o 627

Road Construction in Greece during
the Interbellum: The Makris Project,
Evangelia Chazikonstantinou,

Paschalis Samarinis, Areti Sakellaridou....... 637
Histarical Research for the Planning

and Construction of Misumi Port, Yuji Hoshino,
Sachiko Okada, Daijiro Kitagawa.................. 647

The Development of Multi-Cable-Stayed
Bridges, Eberhard Pelke,
Karl-Eugen Kurrer.......ciuiiiiiiiii 657

Sunderland, Birdsall and the Roebling Co:
Development and Diffusion of Construction
Technalogies for Suspension Bridges,

1928-1952, Dario A. Gasparini..........c..... 667

Technical Systems and Networks
Jor a Modern High Altitude Settlement:

The Construction of the Sanatorium Village

in Sondalo [1932-1946], Davide Del Curto,
Francesco Carlo Toso.....ooivvoicrsiiiriinns 675

Postscript : For a multilingual
Dictionary of Construction History,

André Guillerme......ooveveiieioeeiiiiiins 685
AuthorIndex ... ... .. 691
General Index ... ... 697

Complete Table of Contents............... 717



Technical Systems and Networks
for a Modern High Altitude Settlement:
The Construction of the Sanatorium Village

in Sondalo [1932-1946]

Davide Del Curto, Francesco Carlo Toso

The fight against tuberculosis

Along with malaria, tuberculosis was probably the
main public health issue in Italy during the first
half of the 20th century (Cosmacini 1987). The
social nature of these diseases led to a strong inter-
est by the Fascist regime that tried to fight them
under the motto "the most important reclamation
is the reclamation of the Italian people" (I.N.E.P.S.
1937). Malaria affected above all people living
in the marshlands and was fought with a wide
campaign of land reclamation (Nicoloso 2008).
Tuberculosis attacked both urban and rural popu-
lations and it has often been described as a social
disease of the industrial age because it especially
attacked the weakest and the poorest living in poor
hygienic conditions and malnutrition. The antibi-
otic treatment of tuberculosis began to be effective
and in use only since the 50s. Until then, hospital-
ization in a sanatorium was the only available pal-
liative treatment. The patients were admitted in
sanatoriums for the dual purpose of isolating them
from the healthy population, thus reducing the risk
of infection, and treating the symptoms of the dis-
ease by rests in the open air and good nutrition.
Since the 1860s, sanatoriums have been designed
by architects in collaboration with doctors. The
architectural style of the sanatoriums has gradu-
ally improved along with the progress of medical
therapy. The veranda is the core of the sanatorium
treatment, and the design of its style has gradually
evolved from historicism to modernism. In fact,
the typological study of the sanatoriums is guided
by the same design principles based on hygiene,
sun and air that inspired the social approach of the
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Modern Movement (Miller 2002; Cremitzer 2005;
Grandovinnet 2010).

The Sanatorium Village in Sondalo

The Sanatorium Village in Sondalo [nowa-
days known as Morelli hospital] was built by the
National Fascist Institution for Social Security
[INEPS] between 1932 and 1946 on completion
of the large national scheme for the construction
of sanatoriums to fight tuberculosis in almost every
district. Through this extensive campaign for pub-
lic health building, the Italian government wanted
to fight the disease locally throughout the whole
country (INPS 1947; INPS 1967). The national
building program against tuberculosis included the
construction of several buildings designed to treat
the disease at different stages of its development
[initial, overt, convalescence], addressing specific
segments of the affected population [women, men,
children, seniors, workers] in different geographical
settings [sanatoriums in cities, hills, mountains and
marine colonies] (Del Curto, 2010).

The Village of Sondalo was built in the
Valtellina valley, in the Lombardy region, mark-
ing the culmination of the building program and
representing a national landmark in size and level
of specialization. As the majority of the sanatoria
built since the end of the 20s consisted in single-
pavilion institutes to isolate the patients from the
urban context and to provide a local treatment
of the disease, the Village was designed to be a
national landmark for treatment at high altitude.
The Village consists of eight in-patient pavilions,
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676 Technology / Infrastructure & Public Works

a surgery pavilion and a pavilion built in a higher
position which accommodates administrative ser-
vices, health management, warehousing, laundry,
kitchen, disinfection. There are also several smaller
service buildings: heating and electric power
plants, workshops, garages, a church, anatomical
pathology and histology laboratories and mortu-
ary services. The total volume of the buildings ris-
ing above ground is about 600,000 cubic m. The
typical in-patient pavilion consists of a nine floor
slab type building with a three floor basement
used for various services, five floors above ground
for the rooms and one last floor for staff accom-
modation. There are 284 beds in each pavilion.
With about 320 beds in the surgery pavilion, the
whole complex houses over 2500 beds for in-
patients. The staff included about 1500 employ-
ees, so the overall amount reaches about 4000
beds (Rossattini 2002).

The construction of the Village lasted for many
years also due to the outbreak of World War II.
The structures were completed in 1939, but it was
still necessary to complete installations, to equip
the complex and provide supplies to make it fully
operational. At the end of World War II, the
newly founded Alto Commissariato per I'Igiene e
la Sanitd Pubblica [A.C.1.S.], the first public health
institution after the fall of the fascist regime, car-
ried out extraordinary measures to provide medical
aid for civilians and refugees infected with MTB,
thus being the first institution to actually oper-
ate the sanatorium. The complex remained prop-
erty of Istituto Nazionale per la Previdenza Sociale
[I.N.PS.], the national institute for social protec-
tion. In 1955 A.C.LS. entrusted the management
of the sanatorium to I.N.PS,, as testified by the
official act, which comprises the complete listing of
real and personal property. This set of documen-
tation gives a clear picture of the complex as built,
providing a detailed description of each build-
ing, infrastructure and piece of furniture (Archivio

Storico Ospedale Morelli).

The design and construction
of the village (Figs. 1 and 2)

The architectural design of the buildings is still
the subject of a research which aims to determine
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Fig. 1: View of the village of Sondalo before the construction of
the Sanatorium Village (historical postcard, private collection).

Fig. 2: General view of the village of Sondalo during the con-
struction of the Sanatorium Village, approx 1940 (Archivio
Storico Ospedale Morelli).

whether such ambitious and complex building
was entirely designed by the I.N.P.S. technical
office or whether some external designers could
have cooperated (Moretti 1951; Trentin 2005).
On the other hand, today a wide techni-
cal archive is kept at the Morelli Hospital. The
archive mainly consists of technical drawings for
the construction of the village dating from the
mid 30s. This large amount of drawings [approx-
imately 2000 items, the archive has not under-
gone a complete arrangement] carefully records
the making of the project both at the urban
scale and at the architectural scale. What is most
impressing, however, is not the study of architec-
tural pavilions, which rather seem the adaptation
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to an alpine context of a pattern established in
Rome for the construction of sanatoria through-
out Italy (Morelli 1930), as much as the qual-
ity and accuracy of construction details [concrete
structures, cladding, doors and windows] and the
specification of the many works needed to trans-
form the mountainside into a hospitable place for
the foundation of a real “city of health.” Hence, a
notable part of the complex are its internal streets
and their retaining walls, the underground facil-
ities, the water supply, the sewerage and puri-
fication system, the futuristic cable cars system
connecting the central station with each pavilion.

Pavings and street furniture

(Figs. 3 and 4)

The construction of the road network represented a
great "work within the work” resulting in a unified
overall design for the entire complex, the park, the
networks and the system of central services.

When visiting the complex, the coherent con-
ception of the road system is still evident, even by
its appearance. All principal and secondary roads
are paved in porphyr blocks. The sidewalks are
also paved in porphyr, with a granite perimeter.
All banisters consist of approximately 950 gran-
ite posts, 115cm, eight with a 40cm base diame-
ter. Each pair is connected by three enamel-coated
Mannesmann seamless steel tubes, while the
retaining walls are decorated with artificial stone
flower boxes. The roads are fitted with concrete
gutters at both sides, covered in steel grids and
beola slabs [local gneiss stone]. The street furni-
ture on the squares and forecourts includes pergo-
las with artificial stone columns and larch beams,
ornamental fountains with artificial stone basins
and granite claddings, using stones extracted from
local quarries, such as ghiandone.

The great arches that reinforce the stone retain-
ing walls, tracing the curves of the roads along the
slope, are works of merit, even from an aesthetic
perspective. More than the buildings themselves,
they display an ability to interpret the spirit of the
place through the use of local stone. The road sys-
tem was intended to dig and shape the side of the
mountain so that it could accommodate buildings
in an apparently unsuitable location. The impos-
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PROIEZIONE ORTOGONALE & 4

Fig. 3: Detail of the original project for a group of great arches
supporting the internal street (Archivio Storico Ospedale
Morelli).

Fig. 4: Construction site of a group of masonry arches sup-
porting the internal street, approx. 1935 (Archivio Storico
Ospedale Morelli).

ing modernist buildings, on the other hand, do
not show any effort to adapt to the mountain
context. The road winds between the pavilions
and introduces the concept of floor, a horizon-
tal plane in a naturally sloping context. Since the
street connects the zero floor of each building,
what is below and what is above ground depends
on vwhether it lies below or above the road level.

The park

The streets and sidewalks were planted with linden
trees, elms and maples. In particular, the linden trees
dominate the main road and give an almost urban
quality to the Village. Starting from the seventies,
lay-bys and areas with benches were decorated with
numerous specimens of Ginkgo biloba, a species not
contemplated in the original project, which acquires
a bright amber colour in autumn. The retaining
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Fig. 5: Water supply duct under of the Adda river (Archivio Storico Ospedale Morelli).

walls of the streets were covered with ivy and wiste-
ria. In the upper part of the Village, next to the ser-
vices pavilion, a high hedge of #huja plicata delimited
and shaded the tennis courts.

The village park designed with the sanatorium
stretched for about 400,000 square m. and was
divided into two areas. The northern area, called
"Sortenna wood" consisted of a coniferous for-
est of 1500 spruces and larches, for the most part
still existing. The southern area, originated from
the digging of a large stretch of the slope, where
the soil is composed of limestone and gravel, is
further divided into 23 gardens and 15 avenues.

The whole area, deforested to make room for
the construction site, was planted with more
than 7000 different species of new trees [firs,
pines, Austrian and Adantic cedar, thuja, Horse-
chestnut, Douglas fir]. These new trees adorned
a series of gardens and the intention to character-
ize each designed area with a tree species is still
clear. For this reason the area in front of the sur-
gical pavilion is called the "cedar garden." The
lower terrace is dominated by strobe pine. The
open air games court near the seventh pavilion
is dominated by black pine trees with dense dark
green foliage (Cossi 2009; Cossi 2010). The irri-
gation system was designed at the same time as the
aqueduct and includes 80 fire hydrants.

The water supply system

The site for the sanatorium was chosen mainly
according to climatic and orographic criteria, pos-
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ing the problem of water supply. Suitable springs
to supply the complex were located northwards on
the opposite side of the valley. The aqueduct was
built to take the water downhill, cross the valley
across a stream and the Adda river, then regain
altitude on the opposite side. A preliminary design
solution by means of pipe bridges was discarded
in favour of underground conduits.

The intake works consist of a concrete infiltra-
tion gallery, internally plastered and fitted with a
ceramic drain and a sidewalk. The gallery leads to
the main tank, connected to the load-tank from
which the pipe starts. An artificial distributary
channel departs from the main gallery, transport-
ing water to a secondary tank for discharge meas-
urement. The piping is made of Mannesmann
seamless steel tubes, air release valves and drain
valves are situated in concrete valve boxes along
the pipeline, signalled by smoothed concrete
markers bearing the inscription, LN.ERS. The
pipeline is protected all along by dry stone walls.

At the first crossing, at the stream named
Rezzalasco, the piping is preceded by a 55m. stone
and concrete arch weir. The one m. high, 1.5m.
wide underground passage is also made of stone
and cement mortar masonry, with tapered walls
built on 60cm thick, three m. wide foundations.
It is accessible from both ends by concrete wells
fitted with iron doors and steel-rod stairs. The
road crossing is built in a similar fashion, while
the crossing at the Adda river is built with addi-
tional precaution (Fig. 5). The first section, slop-
ing at an angle of 45 degrees underneath the river

07/06/2012 13:15:17



D. Del Curto, EC. Toso / Technical Systems for a Modern High Altitude Settlement 679

Fig. 6: Plan of the sewage treatment plant (Archivio Storico Ospedale Morelli).

bank, is accessible from a booth which leads to a
flight of stairs. The walls and vault of the under-
ground passage are entirely made of concrete and
internally covered with a layer of tarred jute sheets
and a 25cm thick brick and mortar cladding. The
whole gallery is externally covered in dry stone.
On the other side of the river, the duct is acces-
sible from a vertical concrete well, protected by a
wall of stone and cement mortar.

The final section of the aqueduct leads to a
ground water tank, wholly built in reinforced con-
crete, with an internal layer of tarred jute in the
walls and bottom. This constitutes the water res-
ervoir for the complex.

The sewage and water purification
system (Fig. 6)

The sewers and water treatment was designed
by S.ILA.F, Societd Italiana per Acquedotti e
Fognature, based in Milano. All the branches of
the sanitary sewage system are connected to two
main sewers that join in the last segment heading
to the water purification plant. Each main sewer
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is made of straight ceramic pipes, connected by
concrete manholes. The purification plant, situ-
ated downbhill near the village of Sondalo, col-
lects waste through a bar screen into a 7.60m.
long, two m. wide concrete grit chamber, followed
by a 18m. long, 6.40m. wide primary sedimen-
tation tank. From there, a duct leads to a small
pumping station and subsequently to a circular
sludge digestor. The sludge is then de-watered in
four open-air basins with a draining bottom and
a brick and cement roof.

Another duct transports the sewage to the oxi-
dation basins and subsequently to two tickling
filters. These are 11m. in diameter, built over
a concrete foundation, with side walls made of
stone and cement in the lower part, and concrete
blocks in the upper part culminating in a concrete
cap. The walls and roof of each tank are internally
plastered, while the bottom is filled with a bed of
stones, on which sewage settles and is sprayed con-
stantly by rotating sprinklers, consisting of four
arms suspended from the central rotating rod by
means of steel cables. The pipe then leads to the
secondary clarifier, where the sewage is poured
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into four hoppers, each one surrounded by a
drain. Each hopper is internally plastered and ends
at the bottom with a cast iron tube that extracts
the sludge. The last section of the water treatment
plant is the chlorine contact chamber, a circular
concrete tank, six m. in diameter, internally plas-
tered, where the remaining water is mixed with
chlorine gas before flowing to the final drain.

It is interesting to note that the whole water
purification system, though with minor modi-
fications, has been in use until the present day.
The file containing the original design includes
also an extract of the 1938 manual “Modern
Sewage Disposal” (Heilmann 1938), including
the scheme of the tickling filter, and a 1938 article
from the French journal “Le Genie Civil” about
the same topic (Blunk 1938). This rare example of
an explicit reference to the technical literature of
the time suggests the concerted effort to provide
the complex with state-of-the-art services.
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Underground utilities (Fig. 7)

The underground utilities network clearly shows
how the complex was conceived to work as a
whole and how the conduits were planned from
the beginning to accommodate all the needed
wiring and plumbing, linking centralised services
to the single buildings. Accessibility and mainte-
nance is thus guaranteed through a network of
galleries, departing from one main tunnel and
reaching the buildings that can be inspected at
every junction through manholes. The cross sec-
tion shows a concrete vaulted tunnel, with a floor
made of prefabricated concrete slabs hiding two
ceramic ducts, for sewage and grey-water. Piping
and wiring hangs from the side wall, including
insulated hi-tension and low-tension cables, cables
for the internal lighting of the tunnels, telephone
and radio cables, cables for distance temperature
monitoring, piping for garden irrigation, drink-
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Fig. 7: Underground facilities. Cross section of the main and secondary tunnels (Archivio Storico Ospedale

Morelli).
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ing water and hot water pipes, the latter thermally
insulated with a glass-reinforced plastic layer.

The cable cars (Fig. 8)

A late addition to the design of the sanatorium
complex, the cable cars were meant to link the
central services pavilion with the inpatient pavil-
ions, to transport meals and linen from the cen-
tral kitchen and laundry service. The system was
designed by Ceretti ¢ Tanfani, a company based
in Milano, and comprised nine vehicles. All nine
terminals are still situated on the upper floor of
the central pavilion, along with a room contain-
ing the control panel to operate all nine engines. A
stationary steel cable and a haulage rope, the pro-
pulsive continuous loop cable, reached the termi-
nal on the upper floor of each pavilion, shuttling
the cars back and forth [the cable system and the
cars are now dismantled]. Each terminal consists
of a steel frame structure with an electric engine
operated bullwheel and four safety switches, an
electromagnetic brake that would stop the rope
in case of blackout, manual controls and a metal
box containing optical and acoustical signal-
ling devices. All terminals are closed by a gate
and a switch prevented the engine from starting
while the gates were open. The cars were made
of welded steel plates and steel frame, with four
wheels constituting a fixed grip on the haulage
rope, therefore the cars were not detachable. Each
car was equipped with a trolley for meals and a
bucket on wheels to transport linen and the sys-
tem was designed for an overall loading capacity
of 490kg. For three of the nine lines, a pylon was
necessary to support the cables halfway.

The cable car system clearly exemplifies the
unitary functional conception on which the
design of the Village is based. The centralisation
of the kitchen, laundry and disinfection facilities
within a single building was meant to maximise
hygiene and to leave the strictly medical function
to the inpatient pavilions, leaving out those func-
tions that could potentially conflict with the strict
rules of hygienic therapy. The use of cable cars was
also meant to reduce street traffic, noise and pol-
lution, thus confining the pavilions in the thera-
peutic silence of the pine woods.
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Fig. 8: The cable car running towards the sixth pavilion in a
picture dating back to the sixties (Rossattini 2002, p. 185).

Despite giving a strikingly futuristic feel to the
Village, the cable cars have hardly been used to
transport food, as in fact the duration of the jour-
ney was too long, resulting in cooled and over-
cooked meals. Before the Village became fully
operational, A.C.I.S.P. opted for replacing the
central kitchen with smaller kitchens in each
inpatient pavilion, using the cable cars only for
the transportation of food supplies and linen
(Rossattini 2002, 184-185).

The conservation, rehabilitation and reuse of
the sanatorium real estate is nowadays a relevant
issue, given that these large complexes have long
lost their original intended function. In Italy and
other European countries (Tavares 2005; Tobe
2006) new health or accommodation facilities
have been introduced in early 20th century build-
ings. In Italy the many sanatorium buildings built
by LN.PS. were entrusted to the national Italian
health care service in the early 70s, suffering dif-
ferent fates, and have been protected by the her-
itage law only recently. Regional laws have often
favoured the switch from the healthcare func-
tion, entrusting the buildings to different pub-
lic sectors. In some cases the healthcare service
has evolved towards specialised assisted living
(Zaccardi 2005), while in many other cases the
buildings are underused, partially or wholly aban-
doned (Del Curto 2010).

The Sanatorium Village in Sondalo is extremely
relevant for its scale and its remote location.
Starting from the late 70s, the defeat of tuberculo-
sis was the reason for the closure of four pavilions
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out of ten. The Village is today a hospital while
the remaining six pavilions are partially under-
used. As for the conservation of the buildings,
interventions by the public sector are limited to
the maintenance of roofs, to avoid the inevitable
decay of the abandoned structures. The historical
and technical assessment of the complex repre-
sents a first approach to the definition of a con-
servation and reuse strategy. The peculiarities that
emerge from this contribution highlight that the
unitary quality deriving from the original func-
tion is still clearly readable. The fragmentation of
such complex in smaller units, as experimented in
other similar cases (Grandvoinnet 2004), is diffi-
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