POLITECNICO DI TORINO
Repository ISTITUZIONALE

The roots of the 18th century turning point in earthquake-resistant building

Original
The roots of the 18th century turning point in earthquake-resistant building / Tocci, C.. - STAMPA. - 2:(2021), pp. 623-
630. (7ICCH — Seventh International Congress on Construction History Lisbona (PT) July 12-16, 2021).

Availability:
This version is available at: 11583/2970142 since: 2022-07-15T17:26:52Z

Publisher:
Taylor &amp; Francis Group

Published
DOI:

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

21 June 2026



HISTORY OF 3
CONSTRUCTION
CULTURES

VOLUME 2

edited by
Joao Mascarenhas-Mateus @

and Ana Paula Pires RIS

Taylor & Francis Group



HISTORY OF CONSTRUCTION CULTURES



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com



PROCEEDINGS OF THE 7TH INTERNATIONAL CONGRESS ON CONSTRUCTION HISTORY
(7ICCH 2021), LISBON, PORTUGAL, 12—16 JULY 2021

History of Construction Cultures

Editors

Joao Mascarenhas-Mateus
Universidade de Lisboa, Portugal

Ana Paula Pires
Universidade dos A¢ores, Portugal

Co-editors

Manuel Marques Caiado & Ivo Veiga
Universidade de Lisboa, Portugal

VOLUME 2

CRC Press
Taylor & Francis Group

Boca Raton London New York Leiden

CRC Press is an imprint of the
Taylor & Francis Group, an informa business

A BALKEMA BOOK



Cover illustration: Julia Lyra, PTBUILDS19_20 research project, ref. PTDC/ARTDAQ/28984/2017.

Funded by the Portuguese Foundation for Science & Technology, PTBUILDS19_20 research project
ref. PTDC/ARTDAQ/ 28984/2017. All rights reserved. Published by Taylor & Francis Group plc.

© Selection and editorial matter: the Seventh International Congress on Construction History (7ICCH), individual
papers: the contributors.

Typeset by MPS Limited, Chennai, India

The right of the Seventh International Congress on Constructions History (7ICCH) to be identified as the author
of the editorial material, and of the authors for their individual chapters, has been asserted in accordance with
sections 77 and 78 of the Copyright, Designs and Patents Act 1988.

The Open Access version of this book, available at www.taylorandfrancis.com, has been made available under a
Creative Commons Attribution-Non Commercial-No Derivatives 4.0 license.

The Open Access version of this book will be available six months after its first day of publication.

Although all care is taken to ensure integrity and the quality of this publication and the information herein, no
responsibility is assumed by the publishers nor the author for any damage to the property or persons as a result
of operation or use of this publication and/or the information contained herein.

Library of Congress Cataloging-in-Publication Data
A catalog record has been requested for this book

Published by: CRC Press/Balkema
Schipholweg 107C, 2316 XC Leiden, The Netherlands
e-mail: enquiries@taylorandfrancis.com
www.routledge.com — www.taylorandfrancis.com

ISBN: 978-1-032-00199-9 (SET Hbk)
ISBN: 978-1-032-00228-6 (SET Pbk)

ISBN Volume 1: 978-1-032-00202-6 (Hbk)
ISBN Volume 1: 978-1-032-00266-8 (Pbk)
ISBN Volume 1: 978-1-003-17335-9 (eBook)
DOI: 10.1201/9781003173359

ISBN Volume 2: 978-1-032-00203-3 (Hbk)
ISBN Volume 2: 978-1-032-00269-9 (Pbk)
ISBN Volume 2: 978-1-003-17343-4 (eBook)
DOI: 10.1201/9781003173434



History of Construction Cultures — Mascarenhas-Mateus & Paula Pires (eds)
© 2021 Copyright the Author(s), ISBN 978-1-032-00203-3

Table of contents

Introduction: History of Construction Cultures
Committees

Organizing and supporting institutions

VOLUME 2

Open session: Construction processes

Early Greek temple design and roof construction
A. Pierattini

Precursors of aseismic design: The case of Achaemenid monumental architecture
M. Motamedmanesh

Incomplete: The discontinued building project of a Greek temple of the Classical period
H. Biicherl

On-site design decisions at the Basilica of Maxentius in Rome
L. Albrecht & M. Déring-Williams

Investigating forms and formwork in the nave aisles at Tewkesbury Abbey
J. Hillson, A. Buchanan & N. Webb

Three hybrid church roofs from 1150-1200 in Western Sweden
R. Gullbrandsson & M. Hallgren

The construction of the medieval domes of the Basilica of St Anthony in Padua
M. Diaz, L. Vandenabeele & S.M. Holzer

Simply complex: Case studies on complex stone constructions of High Medieval courtly chimneys
J. Lengenfeld

Medieval transformations of the Basilica of St Anthony in Padua based on an analysis of the
original brickwork
L. Vandenabeele

Two- and three-dimensional geometry in tierceron vaults: A case study of the cloister at
Norwich Cathedral
N. Webb, J. Hillson & A. Buchanan

Vaults, centring, and formwork of the Late Gothic period in Southern Germany
C. Voigts

The frame vault of the anti-refectory in the Olivetan Abbey of St. Nicholas in Rodengo Saiano
C. Stanga

Building a castle in Japan: Analysis of the masonry construction process through the folding
screen Chikujo-zu byobu
D. Vomscheid

The Gothic town hall model of Augsburg
M. Schéll & C. Weber

Haft-rang tile workshop in Qajar Iran: Production and craftsmen
A.S. Mousavi

X1
xiii

XV

17

24

32

39

47

55

63

71

78

84

92

100

107



Erudite vaults by anonymous builders: The vaulted houses of Fuzeta (Portugal)
M. B. Pacheco

Pneumatic foundations in the bridges of the first Italian railways
M. Abita & R. Morganti

Reclamation work and stone masonry at the Nagasaki Harbour wharves (1889-97)
Y. Chen

Ipiranga Museum: 3D laser scanning as a contribution to Construction History
R. C. Campiotto & B. M. Kiihl

Black concrete power: The Tuskegee block and Low Cash-Cost Housing
V. Pivo

Bridge replacement due to structural obsolescence. The case of the Ciudad Real-Badajoz
railway bridges (Spain)
P, Plasencia-Lozano

The Sant’Elia Kindergarten in Como: Structural behaviour and the issue of durability
A. Greppi & C. Di Biase

The innovative application of the curtain wall in the Galfa Tower
C. Costantino, A.C. Benedetti, C. Mazzoli & R. Gulli

Masonry and its role in the mid-20th century: G area houses in the Le Vallette district of Turin
M.L. Barelli & C. Tocci

Modern dwellings after World War II: An Italian experience of wooden prefabrication
by Legnami Pasotti
L. Greco

Morandi (1957-1962) and the cable-stayed Bridge over Lake Maracaibo: Pioneering contributions
E Mustieles, I. Oteiza, S. Delgado & P Romero

The USM HALLER stahlbausystem MINI-MIDI-MAXI, designed by Fritz Haller, 1959-1987
C. Nozza

The Catalan vaults of Roberto Gottardi’s School of Theater in Havana: Some discoveries on the
construction technique
M. Paradiso, S. Galassi & S. Garuglieri

Plovdiv concrete: Modern, bold, valuable? Houses of youth and of science and technology
1. Stoyanova
Open session: Building services and techniques

Observations on the design and building of the Roman Segovia Aqueduct
J. Tomlow

Medieval geometry and the Gothic style at the Cathedral of Tortosa
C. Lluis Teruel, I. Ugalde Blazquez, J. Lluis i Ginovart & M. Lopez Piquer

Acoustic vases in the Portuguese synagogue of Tomar: Analogies with other coeval worship buildings
A.M. Moreira

The vaulted systems of the colonial city of Quito, Ecuador
ES. Lopez-Ulloa & A.A. Lopez-Ulloa

Pursuing comfort in late 19th century school buildings in Milan: Technical knowledge and role
of the enterprises
A. Grimoldi & A.G. Landi

Space funicular polygons and their applications by Emile Foulon
T Ciblac

Lighting and visual comfort systems in administrative buildings in 1950s Milan
G. Sampaoli

vi

114

122

130

139

147

154

161

169

177

185

191

198

206

214

225

232

240

247

255

263

271



Energy-aware construction within the Modern Movement: Erskine’s approach
E. Poma

We’re not in Kansas anymore: ASHRAE and the global growth of thermal comfort research
A. Cruse

‘Sirapite for Sopranos’: Tempered construction and designing for musical tone
E Smyth

The 1968 Integrated Facade System by Josef Gartner
R.S. Grom & A.W. Putz

Open session: Structural theory and analysis

The aditus maximus of the Roman Theatre in Malaga: An early model of Roman stonework vault
R. Garcia-Bario, M. Salcedo-Galera, P Natividad-Vivo & V. La Spina

Experimental analysis to define the stability conditions of the temple of Vesta in Forum Romanum
F De Cesaris & A. Gallo

Geometry by eye: Medieval vaulting of the Anba Hadra Church (Egypt)
H. Lehmann

The construction and stereotomy of the medieval vaults in Notre-Dame: Planning,
stone-cutting and building of the double-curved shells
D. Wendland, M. Gielen & V. Korensky

Geometry and construction of the severies of the vaults in the Cathedral of Notre Dame de Paris
R.M. Vidal

Vaults on the water: A systematic analysis of vault construction in the Wasserkirche Zurich
M. Maissen

Stone and brick flat vaults from the 16th century in Spain
M. Perello & E. Rabasa

The renovation of the Church of San Benito Abad in Agudo (Ciudad Real, Spain) through a
17th-century drawing
R. Ramiro Mansilla & F Pinto-Puerto

The geometric design of the “Guarinesque” vaults in Banz and Vierzehnheiligen in relation
to the treatises of stereotomy
R.E. Schmitt & D. Wendland

Joseph M. Wilson, Henry Pettit and the iron truss bridges of the Pennsylvania Railroad
D.A. Gasparini

Construction of English fan vaults: The tangent plane as a surface of operation
E Tellia

Graphical analysis of masonry domes. Historical approaches (1850—1920)
P, Fuentes

Portuguese timbrel vaults—description and constructive tests
J. Rei, A. Sousa Gago & M. Fortea Luna

The bells of Brisbane Cathedral
J. Heyman

Calculation methods for reinforced concrete structures at the beginning of the 20th century:
The Modernissimo Theater in Bologna
G. Predari & D. Prati

The Orense railway station: A shell roof by Eduardo Torroja
J. Antuiia

Structural design via form finding: Comparing Frei Otto, Heinz Isler and Sergio Musmeci
G. Boller & P D’Acunto

vii

278

286

294

300

309

317

325

333

341

349

356

364

371

379

387

394

402

411

415

423

431



The practical geometry of Persian ribbed vaults: A study of the rehabilitation of the
Kolahduzan Dome in the Tabriz historic bazaar
S. Nazari

Structure in Villa dall’ Ava: Rational order versus conceptual order
L. Burriel-Bielza
Open session: Political, social and economic aspects

The Manning specification
E. Shotton

From regulation to everyday construction practice: The Lisbon building codes between
1864 and 1930
C. Rodrigues de Castro & A. Gil Pires

Swing bridges in the 19th century Italian dockyards
R. Morganti, A. Tosone, D. Di Donato & M. Abita

Early general contracting in Siam, 1870-1910
P, Sirikiatikul

Pedrefio y Deu Pantheon: An example of late-19th-century funerary architecture in Spain
D. Navarro Moreno & M.J. Murioz Mora

Building controls in New Zealand: A brief history, 1870 to the 1930s
N.P. Isaacs

Private responsibility for public safety: The case of Charles Buddensiek
D. Friedman

By-passing the bye-laws: The 1905 Letchworth Cheap Cottages exhibition
A. Coste, S. Sadoux & S. O’Carroll

Towards a social history of the Portuguese construction industry (1914-1918)
A.P, Pires & J. Mascarenhas-Mateus

Evolution of the Mexico City building code for tall buildings in the 20th century
P Santa Ana, L. Santa Ana & J. Baez G.

Monumentality in modern construction processes: An ideological exposure of totalitarian strategies

C. Breser

Bricks of wrath: (Re)building the IJzertoren memorial (1925-1930 and 1952-1965)
W. Bekers, R. De Meyer & E. De Kooning

Alentejo Marbles in the construction of the Basilica of Our Lady of the Rosary of
Fatima, Portugal
C. M. Soares, R. M. Rodrigues, C. Filipe & N. Moreira

Tile vaults in the works of government institutions after the Spanish Civil War: A first approach

E. Redondo & E.J. Castilla

The metamorphoses of the EUR Water Tower, Rome, between autarchy and
economic miracle (1940-59)
M.G. D’Amelio & L. Grieco

The constructive principles behind the materials and techniques used in state-subsidised
housing buildings: The improvement plan (Porto)
L. Rocha & R.F Poévoas

Construction of diplomatic embassies, post-independence New Delhi
B. Dandona & P. Sachdeva

The modernization of raw earth in Morocco: Past experiments and present
N. Rouizem

viii

439

447

457

465

473

481

486

493

500

507

514

522

530

537

545

554

562

570

578

585



The construction history of the N2 motorway: Networking on reinforced concrete in the
Canton of Ticino
1. Giannetti

Open session: Knowledge transfer

Leonardo da Vinci, centering construction and knowledge transfer
H. Schlimme

The brick vaults of the Alfonsina Tower in Lorca Castle. Geometric aspects and
possible sources
P, Natividad-Vivé, R. Garcia-Bario, M. Salcedo-Galera & J. Calvo-Lopez

The art of building in New Spain: Knowledge dissemination and religious orders in the
16th century
R.A. Musiate & M. Forni

The roots of the 18th century turning point in earthquake-resistant building
C.F Carocci, V. Macca & C. Tocci

Continuous stucco and smalto flooring in the former Austrian Lombardy:
Sources, techniques and communication
M. Forni

Rebuilding after the earthquake: Earthquake-resistant construction techniques in
Sicily in the 18th and 19th centuries
FE Scibilia

Education at the Ecole centrale in Paris and its influence on the creation of modern
iron construction
Tom F. Peters

Innovation and technology in the 19th-century Belgian window glass industry
V. Volkov

Compound brick vaults by slices in written sources
R. Marin-Sanchez, P. Navarro Camallonga, M. de Miguel Sanchez & V. La Spina

The first patents of prefabrication and the industrialization of reinforced concrete in
Spain and Europe: 1886—-1906
FE Domouso & A. Abasolo

Brick vaults by slices in Toledo
A. Lopez-Mozo, M.A. Alonso-Rodriguez, R. Martin-Talaverano & L. Aliberti

“Dry and ready in half the time”: Gypsum wallboard’s uneasy history
T W, Leslie

A study of the history of concrete technology introduction in China
0. Du & B. Qiu

Victor Horta and building construction. The written testimonies of the architect’s teachings

and library
D. Van de Vijver

Who built the timber formwork for fair-faced reinforced concrete?
M. Cavdar

Knowledge transfer in reinforced concrete bridges during the 1930s
E. Pelke & K.-E. Kurrer

Architects, engineers, and two construction companies: Introducing reinforced
concrete technology in South America (Brazil and Argentina)
M.L. Freitas

Thermal standards, rationality and choices—To regulate or design thermal environments in

Santiago de Chile
L. Epiney

X

590

601

607

615

623

631

637

645

650

658

666

674

682

688

695

703

711

719

727



Wooden churches, managers and Fulbright scholars: Glued laminated timber
in 1950’s Norway 735
M. Rusak

The SEAT Dining Hall in Barcelona (1956): Aeronautical construction applied
to architecture 743
D. Resano & C. Martin-Gomez

Open systems for open plans: Jean Prouvé’s contribution to school building systems
in the 1960s and 1970s 751
A.L. Péllinger

The Cor-Ten steel structure of the Royal Belge (1970): New insights 758
V. Boone & A. Inglisa

The RBC building system—How to innovate between central planning and
personal networks in the late GDR 766
E. Richter & K. Frommelt

From form to words: Knowledge transfer vehicles in late-20th-century
Portuguese modern architecture 774
R. Costa Agarez

Concerning the research “Material history of the built environment and the
conservation project” (2008-2020), methodology and results 780
E Graf & G. Marino

Author index 787



History of Construction Cultures — Mascarenhas-Mateus & Paula Pires (eds)
© 2021 Copyright the Author(s), ISBN 978-1-032-00203-3

The roots of the 18th century turning point in earthquake-resistant building

C.F. Carocci & V. Macca
Universita degli Studi di Catania, Catania, Italy

C. Tocci

Politecnico di Torino, Turin, Italy

ABSTRACT: The gaiola pombalina and the casa baraccata seem to be the turning point of a gradual improve-
ment process that, in Italy, becomes clearly recognisable after the 1703 L’ Aquila earthquake. The reconstruction
following that event saw the introduction of a constructional system, based on wooden elements embedded in
masonry works, quite distinct from the rigorous organization of the late 18th century systems but having seem-
ingly comparable intents. Recent earthquakes in Italy have enabled the value of that early anti-seismic technique
to be recognized. In this paper we describe this technique its comparison with the systems at the end of the
century and attempt to trace them back to more ancient constructional techniques attested also in low seismicity
areas In these areas they seem to refer to a general attempt to rationalize masonry building’s procedures whose
anti-seismic potential was gradually recognized during the Enlightenment, finally leading to the Portuguese and

Bourbon systems.

1 INTRODUCTION

Codified in the 18th century for the reconstruction of
the centres destroyed by the devastating earthquakes
of Lisbon (1755) and southern Italy (1783), the gaiola
pombalina and the casa baraccata represent the first
formalization of expressly anti-seismic construction
techniques. They were both based on the adoption
of wooden elements interacting with masonry work
aimed at strengthening the building’s joints, thus show-
ing quite a mature awareness of the inherent, as it
were, seismic vulnerability of historical masonry con-
structions. The level of detail in terms of structural
conception and technical expression (which is not sur-
prising within the cultural context of the 18th century)
suggests that their appearance cannot have been sud-
den but was a gradual evolutionary process in which
construction traditions, already experimented with
during the earthquakes, found their formal definition.

In the Italian context this process of intentional
and systematic reflection (and action) becomes clearly
recognizable during the reconstruction of the cen-
tres destroyed by the great earthquake of L’Aquila
in 1703. Recent Italian earthquakes (L’ Aquila, 2009
and central Italy, 2016), which affected the same areas
struck by the 18th century’s event, allowed a direct
study of the main characteristics of that reconstruction
technique which, even though far from the rigorous
systematic approach adopted by the Bourbon and Por-
tuguese Governments, aimed at the same purpose of
ensuring the building behaved holistically and can, for
this reason, be considered an explicitly anti-seismic
technique.

DOI 10.1201/9781003173434-185

The purpose of this paper is to consider the relation-
ship between this rudimentary anti-seismic technique
and the more mature expressions of the late 1700s,
proposing some introductory reflections on the geo-
graphical spread of construction techniques compara-
ble to those abovementioned. It will further consider
the impact of these techniques on subsequent devel-
opments, and their use in low seismicity contexts,
including of the period in which these techniques were
practised.

2 FROM LATE TO EARLY 18TH CENTURY

2.1 The Gaiola Pombalina and the Bourbon system

The gaiola pombalina technique is based on the cre-
ation of an internal three-dimensional wooden struc-
ture which, systematically bonded to the external
masonry walls, would exert a common action against
earthquake loads. It could be argued that buildings
using the gaiola pombalina system are based on
the coexistence of different construction techniques:
masonry reinforced with embedded timber braced
frames for the ground floor and fagade walls, and
a wooden load-bearing braced frame for the internal
structure of the above-ground levels. The internal tim-
ber frame — which is at the core of the construction
process — is made of timber floors and vertical pan-
els (the so-called frontais) connected to each other by
classic woodwork joinery and iron ties. The frontais
are made of a trussed frame of organized elements
creating rigid shapes (diagonal and cross bracing) and
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Figure 1.

using different types of infill material. The latter is
essentially independent of the timber structure which
alone fulfils the entire building’s structural function.

The Bourbon technique, adopted for reconstruction
after the 1783 earthquake, is based on the proto-
type conceived by Giovanni Vivenzio, the physicist
appointed by the Bourbon Government to study the
earthquake’s damage. Both contemporary theoretical
studies and direct observation of the local build-
ings’ responses to the earthquake formed the basis
of the prototype’s conception (Tobriner 1983). Timber
braced frames were conceived to realize wall structures
quite similar to the Portuguese frontais (in this respect,
the latter’s influence on the Bourbon model has still
to be clarified); but otherwise, these vertical panels
were used both for internal and external fagade walls
creating a uniform three-dimensional system which
differs from the “specialized” Portuguese one. More-
over, the Italian prototype proposes, at least for “the
great walls of public buildings” (Vivenzio 1783), the
doubling of these panels, their mutual connection by
means of wooden transverse elements and their place-
ment on either side of a masonry wall made of squared
stones bonded to each other with iron cramps.

It is not clear whether the timber frame’s doubling
was provided for ordinary buildings too. What is cer-
tain is that the scarcity of timber and the possibility
of reusing rubble stones of the buildings damaged by
the earthquake led the engineer Francesco La Vega
(entrusted by the Bourbon Government with the recon-
struction) to simplify Vivenzio’s model through an
increase of the masonry component and the settle-
ment of a smaller quantity of wooden elements inside
the wall’s thickness. In La Vega’s directions the timber
frames are reduced to the vertical and horizontal ele-
ments while the diagonal ones are maintained for the
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L Aquila, chiesa delle Anime Sante, three courses of wooden radiciamenti in the drum of the dome.

internal partition walls only. Therefore, the baraccato
system — as it became known from the 19th century
— can be considered, partly in Vivenzio’s first defini-
tion and definitely in the practical applications of the
reconstruction, a pure masonry construction system
within which wooden elements reinforce and connect
the structural elements.

2.2 The post 1703 L’Aquila technique

The construction technique employed after the 1703
earthquake — which we want to compare with the late
1700’s methods briefly described above — has been
recognized thanks to the examination of buildings
damaged by the earthquake which struck I’ Aquila and
the neighbouring areas in 2009 (Figure 1); confirma-
tion and further observations on the areal extent of
this technique have been deduced from the seismic
sequence that occurred in central Italy between August
2016 and January 2017.

The radiciamenti are wooden logs embedded in
masonry walls. Their role is to work in the building
as real belts — to use a term referring to the similar,
though more refined, Greek system known as iman-
tosis (Figure 2). The features which distinguish the
various practical applications of these devices (and
which are usually strictly linked to the general con-
struction quality of the building) refer both to the
different level of finishing of the elements and their
relationship with the masonry’s assembly. In modest
buildings it is possible to observe rough wooden ele-
ments whose mutual connection is entrusted to the sole
timber, without the use of iron nails or ties (Figure 3);
in more significant buildings the radiciamenti are
made of dressed wood and are directly connected
to the orthogonal wall by means of metal anchors



Figure 2. L’Aquila, chiesa di S. Giuseppe Artigiano, the
metal anchors located in the corner walls connect the wooden
‘radici- amenti’.

Villa S. Angelo (AQ), wooden radiciamenti placed
in the thickness of corner walls.

Figure 3.

(Figure 4). Their position is always dependent on that
of doors and windows to ensure a continuous hooping
system. It is not uncommon to find them associated
with vaulted structures at the height of the haunch to
counteract the horizontal thrusts.

The impalettature are elementary wooden devices
that improve the support conditions of the roof struc-
ture. They provide an anchoring system that inte-
grates the structural elements’ interlocking aims of the
technique.

With reference to the context of L’ Aquila, trusses
equipped with such devices working as constraints for
the supporting walls are quite common (Figures 5-6).
Similar devices were not seen in central Italy dur-
ing analysis of the 2016 earthquake’s damage. Their
absence could be due to the recurring roof replace-
ment practices undertaken in the wake of the Valnerina
earthquake in 1979.

Although not the specific subject of the reflec-
tions here presented, it is worth noting that recent
studies (Aloisio, Fragiacomo & D’Alo 2019) have
highlighted further traits which might be included in
this construction technique: timber frame walls made
of vertical studs — both load-bearing and partition
walls but mostly internal — were found and seem to
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Figure 4. L’ Aquila, chiesa di S. Flaviano, metal anchors of
facade ‘radiciamenti’.

Figure 5. L’Aquila, wooden anchors of the roof trusses.

suggest an even closer proximity to the mid-century
codification.

2.3 Comparisons

The overall structural concepts — and geographical
proximity — suggest how the anti-seismic technique
of U Aquila has a closer correlation to the Bourbon
system. As a matter of fact, both techniques appear
to be essentially masonry techniques in which, as
opposed to the Portuguese system, wooden elements
work jointly with the masonry walls, and not as inde-
pendent structures. This underlines the importance
of masonry work’s quality for the system’s efficacy.
However, these wooden elements only work in the
presence of horizontal forces (regardless of thrusts
against vaulted structures or earthquake activity).



Figure 6. Detail of a wooden anchor connecting the roof
trusses to the external wall.

What mainly sets the techniques apart is that the
early 18th century technique provides for a simpler
— in a sense, more elementary — configuration of the
wooden material which is, to our knowledge, limited
to the creation of horizontal elements. That appears
to relate to these techniques’ different aims: the first,
essentially a reconstruction technique, appears to be
suitable both for the construction ab imis of new build-
ings and, more frequently, for restoring earthquake-
damaged buildings by reusing the remaining structures
(usually the lower floors) and connecting them to the
new completion. The second, the Bourbon system is,

instead, a prototype for new buildings whose construc-
tion solutions do not need to be adapted to pre-existing
configurations.

The difference between the two construction tech-
niques seems to be coherent with an evolutionary
interpretation where the Bourbon system represents a
mature and normalized variation of the earlier U Aquila
system. Its most relevant outcome lies not so much
in the connection between the different elements’
efficacy as in the walls’ in-plane strength. Recent
earthquake activity has revealed the technique to be
rightly tailored for that area’s seismic severity, al-
though a better or, more precisely, different quality of
the Bourbon system is unquestionable. It is indeed true
that the radiciamenti of L Aquila technique can work
as orthostats increasing the walls’ shear capacity, but
this improvement is not comparable to the one obtained
by the trussed frames of the baraccato system.

The global seismic response of these systems is also
affected by other factors: the quality of the masonry
works (discussed later) and constructional organisa-
tion. The early 18th century system, theoretically less
effective, would reveal itself more ductile than the
turn-of-the century one.With reference to this second
aspect, it is worth noting that the Bourbon system’s
strictly prescriptive nature and complexity made its
effectiveness heavily dependent on the accuracy of the
construction process: a rough execution could be the
cause of an entire system’s impairment — the more
damaging, the greater differentiation from the pro-
totype’s specifications. In fact, buildings where the
presence of wooden frames were not associated with
their appropriate connection were observed (Tobriner

Figure 7. Transverse section of a palace (Palazzo Giriodi, Costigliole Saluzzo?) by B. Vittone’s atelier (ca. 1740) showing a
two-level order of radiciamenti (Musei Civici, Turin, coll. Vandone). Courtesy of E. Piccoli.
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1983); Vivenzio himself had identified this kind of
hidden danger warning that “the enormous complex-
ities destroy the entire building’s strength” (Vivenzio
1783).

L Aquila technique, on the contrary, because of its
uncoded character and its “essential” nature, appears
to satisfy the performance aims in a more reliable way
adapting the anti-seismic requirement to a consoli-
dated local construction tradition: when some inef-
fectiveness of the technique has been surveyed, it was
ascribable to subsequent transformations and not to
some intrinsic fragilities of the system.

As regards the masonry work’s quality which,
together with that of the wooden elements, is essential
for the anti-seismic efficacy of both systems, similar
observations can be made with reference to different
geographic areas, despite the differences in local con-
struction techniques and the century which separates
their development.

The introductory study carried out by Vivenzio in
the wake of the 1783 earthquake had already noted the
inadequacy of the typical building materials used until
then: the brest or bisari (that is mud-and-straw bricks),
rubble stones and poor-quality lime. The same criti-
calities had been later noted and confirmed — maybe
with a more persuasive interpretation both based on the
nature of the materials and their assembling — by the
committee responsible for drawing up the standards
in the wake of the 1908 earthquake which affected
the same area (GGC 1909). Despite the suggestions
provided by Vivenzio, some of which were integrated
within the reconstruction regulation issued in 1784,
and the cost savings which led Francesco La Vega
to simplify the original prototype, those same materi-
als belonging to the traditional construction technique
were indiscriminately reintroduced during the recon-
struction. These circumstances clearly undermined the
buildings’ seismic resistance ensured by the earlier
use of timber frames and re-established the condition
of fragility of the local construction technique which
was, in fact, observed again in subsequent earthquakes
(Tobriner 1983).

In a similar way, wooden bond elements (radicia-
menti and impalettature) belonging to the early 18th
century technique were defenceless against the 2009
and 2016 earthquakes when embedded in low quality
masonry walls, which ruinously collapsed. But, at the
same time, they turned out to be essential in raising the
seismic capacity for those buildings where mastery of
masonry construction had balanced the poor quality of
local materials allowing the creation of state-of-the-art
walls, which survived.

3 FROM HIGH TO LOW SEISMIC HAZARD
AREAS

The 18th century construction technique which has
been outlined in its essential traits could probably
be considered an enhancement — promoted by a new
“rational” awareness of the earthquake, not surprising

in the favourable cultural climate of that period — of a
technique already widely diffused, even in areas char-
acterized by low seismic risk. In fact, construction
systems conceived regardless of earthquake activity —
but aimed at strictly connecting the entire building, not
necessarily to counteract the vaulted structures’ active
thrusts — could have been recognized as anti-seismic
devices once awareness of the earthquake’s damage
modes on historical buildings had been reached.

The practice of wooden elements to connect the
entire building organism is attested in northern Italian
regions, and specifically in the Lombard area, from
the 16th and 17th centuries (Della Torre 1990).

Regarding this practice, it has been said that it
exemplifies a gap between architectural theory and
construction-site practice, the former being attested on
an ideal of masonry buildings able to stand by them-
selves, without the “stringhe” (laces) condemned by
Vignola, while the current technique has employed
different materials’ ligatures continuously since the
Middle Ages. However, the issue is not so simple, and
examples can be found (Villani 2009) in which the
need for connections stronger than those based on sim-
ple masonry bonding is not only exploited by expert
masons but also recognized by architects involved in
practical as well as theoretical activity (Figure 7).

Whatever the case, this very ambiguity is signifi-
cant. It shows the existence of an evolutionary process
in which building traditions selected by trial-and-error
in ordinary conditions were recognized, from a certain
point onwards, as equally effective to resist earthquake
activity.

Such a process seems to be echoed in the lex-
icon’s evolution. The oldest terms used to define
wooden reinforcing devices — “chiave” (key) or “lig-
ato” (binder) — refer to single elements with basically
a local nature. They are systematically replaced, in
Venetian and Lombard sources of the 18th and late
18th century respectively (Concina 1988), with the far
more expressive “felaro” (frame). From as early as the
17th century, the new term has a wider meaning and
precisely indicates a skeletal wooden structure work-
ing together with the masonry organism and somewhat
affecting its “global” structural behaviour.

In the same period the term is recorded in Piedmont.
In the citadel of Alessandria, a huge construction site
of the second half of the 18th century in the Kingdom
of Sardinia, a telaro “to be formed both lengthwise and
across with large red oak logs” (Piccoli et al. 2018) is
embedded in the perimeter walls of the barracks and
its technical features shows surprising similarities with
the aforementioned Lombard cases.

Just think of how wooden elements are joined to
each other by means of nailed metal strips (grappe
incavigliate) for radiciamenti longer than the available
wooden logs; or timber is replaced with metal bars
(lamoni) in relation to the chimneys (Figure 8).

But what sets this Piedmont example apart from the
Lombard cases cited in Della Torre (1990) are not so
much the construction aspects as the general purpose
of the system as a whole. Such a system indeed no
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ﬂ ‘Radiciamenti’: wooden elements embedded in perimeter and spine walls,

joined to each other with metal strips and restrained to the side walls with metal anchors

Tie-rods: metal bars with side anchors housed in walls’ recesses.

Figure 8. Citadel of Alessandria, the wooden radiciamenti and metal tie-rods as an overall connection system for San

Tommaso barracks (1749-59). (Rossi 2019).

longer serves to counteract the thrust of the vaulted
structures (for which a dense system of metal tie-rods
had been designed) and represents, instead, the answer
to a new problem, which is similar to the one we are
discussing in this paper.

The Alessandria barracks had been designed to be
“bomb-proof”, a structure that needed to be impen-
etrable to cannonballs and stable against the actions
induced by their impact. The first is obtained by
increasing the thickness of the walls, the second by
ensuring that all elements act as a whole, introduc-
ing more efficient constraints than those deriving from
simple bonding (the radiciamenti, indeed).

The “bomb-proof” requirement invokes dynamic
actions, which were explicitly taken into account by
military engineers in an extraordinary mathematical
discussion that took place late century (Piccoli & Tocci
2019). Just as dynamic was the result of the earth-
quake, whose effects in the early 18th century were
evidently clear for those who rebuilt damaged areas
in central Italy, even if they could not yet attempt any
theoretical reflection (which started soon afterwards
— Barbisan & Laner 1983). Similarly, the vibrations
induced by carriages, which Rondelet had thought of,
at the end of the same century, led to the introduction
of nothing but metal radiciamenti (or telari) in order
to increase the stability of buildings.

But at the dawn of the 19th century, in the high-
risk seismic area of southern Italy, the radiciamenti
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technique had already turned into that extraordinary
anti-seismic system that is the “casa baraccata”. Out-
side of this exceptional context, and especially in low
seismicity areas, the technique maintains its origi-
nal configuration, only within a formulation by now
mature and perfectly recognizable in its anti-seismic
intent. It is in Piedmont that we can still find some
interesting examples. In the early 1800s the technique
of “racinnements” is used — together with a refined tie-
rods’ arrangement strictly cooperating with vaults and
roof trusses — as a connection system for the Walden-
sian temple in Luserna San Giovanni, at the foot of
the Cottian Alps (Ravera 2019). Just two years after
the temple’s completion, the same technique, using a
smart metal transposition of the original tying wooden
system, was proposed by the French architect Philippe
Ghigliani to repair the damage caused by the earth-
quake which affected the valley of Pellice in April
1808.

This was not an isolated case, as evidenced by the
widespread presence of metal radiciamenti in Turin
buildings (Figures 9-10-11).

Already known in the 1700s — as we have seen with
the Savoy military construction yards — at least for
huge public buildings (where it is clearly recognizable
due to the local habit of exposed brick facings) the
presence of the radiciamenti seems to have no pres-
ence in residential constructions that constitute the
backbone of the 19th century town expansion.



Figure 9. Turin, anchors of fagade’s metal radiciamenti
emerging from recesses housed in the transverse wall.

Figure 10. Montalenghe (TO), metal anchor recessed in the
masonry toothing revealing the presence of a metal tie-rod in
the half-width of the back transverse wall.

The presence of the INA-casa specifications
defined as radiciamenti, the reinforced concrete ring
beams resting on load-bearing masonry walls and sup-
porting the joist slabs with hollow tiles, in the 1900s
provides evidence of the prevalence of a construction
practice that, tackling the root of masonry build-
ing issues (which can be summarized in the inherent
weakness of connections), had become the most effec-
tive response to earthquake activity, (Barelli 2020).
Despite the material (timber, iron or reinforced con-
crete), it is evident that the function was (correctly)
believed to be the same.

4 CONCLUSIONS

The evolutionary process outlined in this report —
which from a set of uncodified construction practices
(recognised in territorial contexts which differ in build-
ing technique and earthquake intensity and frequency)
would lead to an expressly anti-seismic normative
system — certainly deserve to be investigated in detail.

é_ﬁj i

Figure 11. Turin, the closeness to the fagade edge of
the metal anchor reveals that the corresponding tie-rod is
embedded in the orthogonal wall.

This process should, first, try to define more pre-
cisely the geographic scope and time frame within
which it is possible to find the first (even if embry-
onic) appearance of what, with time, was to become
an anti-seismic technique. For this purpose, the large
existing literature (Langenbach 2007; Touliatos 2016)
could be examined to highlight similar cases across
different territorial contexts which reveal the connec-
tion between construction practices and awareness of
the destructive potential of earthquakes.

The scepticism expressed more than 30 years ago by
Emanuela Guidoboni is probably still justified today
regarding the possibility of finding traces in “the great
earthquakesof 1117, 1169, 1222, 1348]...] for consid-
erations or dispositions dealing with measures against
earthquakes’ effects [or] subsequent devices incorpo-
rated into the practice of building techniques, which
could be interpreted somehow as preventive measures
for future damage” (Arrighetti 2015).

Nevertheless, the recent strong Italian earthquakes
(CAquila 2009, Emilia 2012, central Italy 2016)
unveiled a technique that indisputably contains “pre-
ventive measures for future damage” about which
nothing of its real spread and anti-seismic efficacy
was known until then. They further demonstrate how
the same traces are just waiting to be systematically
documented for seismic events immediately follow-
ing those discussed which we linked with the great
earthquakes of the early 1700s. In this respect post-
earthquake restoration works could continue providing
precious documentary evidence — as referred to here
— supported by systematic interpretation of the data
obtained.

At the same time, it seems inevitable that the
approach adopted in this work, based on the gather-
ing of information from single buildings, construction
sites and experiences in accordance with the typical
method of construction history, will continue at the
expense of large syntheses of anthological collections.
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