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Foreword

REHAB 2017 - 3rd International Conference on Preservation, Maintenance and Rehabilitation 
of Historical Buildings and Structures aimed to proceed with the discussion on built heritage 
and the preservation of its legacy that was established in the previous editions of the event. The 
importance of conservation of historical constructions (built landscape, urban fabrics, buildings, 
and engineering works) are of utmost importance to preserve the cultural references of a com-
munity and was deeply discussed n March 2014, in Tomar, and July 2015, in Porto. 

Under the main topics of discussion, subjects of preservation and rehabilitation methodolo-
gies and technologies, as well as the importance of the economic and social impacts of preserva-
tion practices were covered as the main leading guidelines for the conference debate. Further-
more, different communities� scales (local, regional, national or even worldwide) and authentic-
ity interpretation raise different questions and approaches, and therefore different solutions that 
are worthily to study, to compare and to experience. The sustainability approach was covered 
once more, highlighting the importance of the commitment between heritage preservation and 
technical requirements related to its occupancy and use, such as energy efficiency or materials 
recovery. Inclusivity was also an important aspect to be discussed as public historical sites and 
buildings need to be adapted to receive different kind of visitors (children, elderly or handi-
capped persons) and to establish an adequacy with the perceiving of the physical environment 
and information contents. 

A new chapter was included in this edition of REHAB 2017 and Earthen Buildings were 
brought into a particular approach highlighting the complexity of their preservation, mainte-
nance and rehabilitation. Earthen buildings techniques are in many cases of a great importance 
for local economies and access to housing. 

Authors submitting papers to REHAB 2017 were encouraged to address one of the above 
mentioned topics of the Conference by providing evidence on past experience and ongoing re-
search work. As a result, REHAB 2017 welcomed a significant number of papers and presenta-
tions addressing field work and case studies but also theoretical approaches to historical build-
ings preservation and conservation. As in past editions of this Conference, REHAB 2017 also 
gave stage to early stage researchers and students willing to share the results of their research 
projects, namely post-graduation projects and doctoral projects. REHAB 2017 received a sig-
nificant number of such proposals the quality of which was confirmed during double-blind re-
view. 

Foreword v



 

We would like to express our gratefulness to all the partners of this edition of REHAB who 
joined the effort to make a significant Conference. Our special word or recognition to the Minis-
try of Culture � Regional Directorate of Culture North, Museum D. Diogo de Sousa, Monastery 
of Tibães, Instituto da Habitação e Reabilitação Urbana, Portuguese Order of Architects, Portu-
guese Order of Engineers  North, Association Centro da Terra and Projecto ReVer of the Unver-
sity of Minho. As media partners of the event we would like to thank Construção Magazine. 

Last but not least, a special word of recognition to the Municipality of Braga that assisted the 
Organising Committee in all manners. 

The Organising Committee also expresses its gratitude to all Members of the Scientific 
Committee who reviewed the papers and made suggestions that improved the quality of indi-
vidual work and the over-all quality of the event. 

The Editors 

Rogério Amoêda 
Sérgio Lira 
Cristina Pinheiro 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)vi



 

Organizing Committee 

Rogério Amoêda 

Sérgio Lira 

Cristina Pinheiro 

Organizing Committee vii



 
REHAB 2017 

R. Amoêda, S. Lira & C. Pinheiro (eds.)viii



 

Scientific Committee 

Alessio Cardaci Filiberto Lembo
University of Bergamo, Italy University of Basilicata, Italy 

Ana Tavares Martins Francesca Geremia
University of Beira Interior, Portugal Università degli Studi Roma Tre, Italy 

Ana Velosa Francesco Marino
University of Aveiro, Portugal University of Basilicata, Italy 

Ángela Barrios Padura Francisco Fernandes
University of Seville, Spain University Lusíada, Portugal 

Antonella Versaci Gabriella Caterina
University KORE of Enna, Italy University of Naples Federico II, Italy 

Antonio Lauria Gabriella Duca
University of Florence, Italy University of Naples Federico II, Italy 

Artur Feio Gemma Domènech Casadevall 
University Lusíada, Portugal Institut Català de Recerca en Patrimoni Cultural, Spain 

Austin Parsons Humberto Varum
Dalhousie University, Canada University of Porto, Portugal 

Carlo Baggio Jorge Branco
Università degli Studi Roma Tre, Italy University of Minho, Portugal 

Carmine Falasca José Luis  Campano Calvo
University �G. D'Annunzio� Chieti-Pescara, Italy University of Salamanca, Spain 

Claudia Marcel Calderón Aguilera José Saporiti Machado
Autonomous University of Baja California, Mexico National Laboratory of Civil Engineering, Portugal 

Cristina Pinheiro Josep Lluis i Ginovart
Green Lines Institute, Portugal University Rovira i Virgili, Spain 

David Leite Viana José-Vicente Valdenebro García 
Nottingham Trent University, United kingdom Public University of Navarra, Spain 

Enrico Quagliarini Julio Calvo Serrano
Technical University delle Marche, Italy University of Granada, Spain 

Esther Giani Koenraad Van Cleempoel
University of Venice, Italy Hasselt University, Belgium 

Ewa Stachura Lynne Armitage
University of Applied Sciences in Raciborz, Poland Bond University, Australia 

Scientific Committee ix



 

Maria Cristina Giambruno Rogério Amoêda
Polytechnic of Milan, Italy University Lusíada, Portugal 

Maria Rosaria Vitale Sally Stone
University of Catania, Italy Manchester Metropolitan University, United kingdom 

Nabi Yüzer Sérgio Lira
Y ld z Technical University, Turkey Green Lines Institute, Portugal 

Paolo Sanjust Stefania de Medici
University of Cagliari, Italy University of Catania, Italy 

Paulo Cruz Steve Garrity
University of Minho, Portugal University of Leeds, United Kingdom 

Paulo Lourenço Takayoshi Aoki
University of Minho, Portugal Nagoya City University, Japan 

Petr Kabele Teresa Ferreira
Czech Technical University in Prague, Czech Republic University of Porto, Portugal 

Ricardo Mateus 
University of Minho, Portugal 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)x



 

Partners  

Partners xi



 
REHAB 2017 

R. Amoêda, S. Lira & C. Pinheiro (eds.)xii



 

Contents 

Foreword v

Organizing Committee vii

Scientific Committee ix

Partners xi

Contents xiii

Chapter 1 - Technologies for inspection and monitoring of buildings performance and 
pathologies 

Survey to architects: challenges to inspection and diagnosis in historicalresidential buildings 3
J. Gonçalves, R. Mateus, J. D. Silvestre & G. Vasconcelos 

From �brutalist� to �sustainable� - the COIM shopping and office center in Potenza, Italy, becomes 
NZEB 

11

F. Lembo, F. P. R. Marino & C. Lucia 

Mobile Mapping and laser scanner to interrelate the city and its heritage: the Roman Circus of 
Tarragona 

21

J. M. Macias Solé, J. M. Puche Fontanilles, P. Solà-Morales, J. M. Toldrà Domingo & I. Fernández Pino 

Automatic recognition of materials from laser-scanner survey data by the reflectance method 29
P. Solà-Morales, J. M. Puche Fontanilles, J. M. Macias Solé, I. Fernández Pino & J. M. Toldrà Domingo 

Contents xiii



 

Chapter 2 - Seismic behaviour of historic buildings 

Structural analysis of Roman groin vaults 41
C. Baggio & S. Santini 

The wooden elements as anti-seismic presidia in the built heritage of L�Aquila 49
A. Bellicoso & A. Tosone 

Seismic behaviour of historic masonry structures: the case of the neoclassical city of Patras, Greece 61
A. Philippou & D. Theodossopoulos 

Earthquakes and historic masonry buildings: an experimentally based algorithm for debris formation 
prediction 

71

E. Quagliarini, G. Bernardini, S. Santarelli & M. D�Orazio 

The relative value of the architectural heritage in seismic hazardous countries: the Severín library 
(Valparaíso, Chile) 

81

M. P. Urrutia & P. M. Millán 

Chapter 3 - Preservation and rehabilitation of historic buildings and structures: case 
studies 

Erbil Citadel revitalization and the presence of its emergence history 93
A. Abbas 

Preservation and rehabilitation of the former Hoffman ceramic urban factory, in the UNESCO city of 
Mantua (Italy) 

107

C. Agosti, E. Mussinelli & D. Cerati 

Restoration and adaptive reuse of Modern Architectural Heritage - case study: Great Warehouse of 
the Kayseri Sümerbank Textile Factory 

117

B. Asiliskender & N. Baturayo lu Yöney 

The single miners' dwelling by Gustavo Pulitzer Finali. Recovery and reuse 127
C. Atzeni, G. Monni & A. Sanna 

Seismic assessment of hotel El Comercio, Peru 139
A. Barontini & P. B. Lourenço 

God is moving house: Churches on sale 149
D. Besana 

Historic heritage in ruins in Sardinia (Italy). Between schemes of collapse and consolidation 
measures 

159

B. Billeci & M. Dessì 

Adaptive reuse for social agriculture: a sustainable approach for the recovery of abandoned villages 
in Sicily 

169

A. Cardaci & A. Versaci 

Knowledge for preservation: an integrated approach 181
E. Coïsson & L. Ferrari 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)xiv



 

 

Reuse of historic buildings in the city of Seville for institutional purposes. A public proposal for 
heritage and urban regeneration 

191

A. Cubero-Hernández & M. T. Pérez-Cano 

Talking walls and authenticities to be preserved in the rehabilitation of the abandoned parish complex 
of San Giovanni Battista in Carpineto (Fisciano, Salerno, Italy) 

203

F. De Guglielmo & G. Miccio 

Restoration project of the Punta of Guardia lighthouse on the Ponza Island, Italy 213
G. De Martino, C. Bartolomei & C. Fronta 

The Restoration site of an house in Monopoli, Largo Castello, N. 5 223
A. Diceglie & N. D�Amico 

Conservation at all costs? The case of Les Arenes in Barcelona 233
G. Domènech 

Dialog between contemporary perspectives and conservation principles 243
D. ukanovi  

Contributions for the implementation of preventive conservation and maintenance strategies in the 
Faculty of Architecture of the University of Porto 

255

T. C. Ferreira 

From student to student: a new project for Golgi College in Pavia 265
A. Greco & C. Bonora  

Oteiza Museum Foundation, Alzuza, Navarra. A good practice�s case in rehabilitation 275
I. Jiménez Caballero, L. M. Fernández-Salido, F. Alonso Pedrero, Y. Fernández Sangil & A. Urtasun Pineda 

Conservation as the careful management of change to the historic urban fabric: implementing the 
transition from vision to reality 

289

P. Leverton & H. Russell 

The deformations of the Valle de Aran�s vaults in Spain. The formation of anti-funicular arches 297
J. Lluis i Ginovart, A. Costa-Jover, S. Coll-Pla, M. López-Piquer & J. Urbano Lorente 

How to define a design methodology able to achieve anti-seismic and functional upgrades of building 
heritage 

309

F. P. R. Marino & F. Lembo 

Daylight in the Choirs of the Monastic Church of São Bento de Cástris in Évora and the research 
Project ORFEUS 

323

A. M. T. Martins & J. S. Carlos 

Adaptive reuse of civic buildings 333
S. Y. Mehr, S. Wilkinson, H. Hassanpour, H. Skates & G. Holden 

The Incurables Hospital complex in the Ancient Center of Naples: a project between layers 343
P. Miano & F. Coppolino 

Museums renewals: rehabilitations and urban interactions 355
E. Mosquera & C. Mosquera 

 

Contents xv



 

Rafael Arévalo and the other scale: social housing neighbourhoods in medium-sized cities of 
Andalusia 

363

D. Navas-Carrillo, M. T. Pérez Cano & J. C. Gómez de Cózar 

Retail-reuse of historic buildings: an inquiry into opportunities and threats 373
B. Plevoets 

Abandoned mining Heritage in Southwest Sardinia, a valuable site to be preserved: the Delaunay 
Hospital in Monteponi mine 

383

R. Putzolu 

Eveleigh Carriageworks adaptive reuse 395
J. Rice 

The Palacio de las Cigüeñas façade through five centuries of historical documents analysis 407
J. Saumell & N. M. Trejo 

Moinho Fluminense: an experience of rehabilitation of a historic centre in Rio de Janeiro 415
F. F. Soares, A. Sabrosa & L. M. S. A. Costa 

Colonial revival comparison 425
P. Tennakoon 

Case study: the application of Khorasan mortar in Tsakonia region, Greece 435
E. Tsangouri 

Community engagement; emerging players in monuments� rescue 445
N. Varouchaki & D. Theodossopoulos 

Architecture and landscape. Studies for preservation and enhancement of the mills� valley in 
Gragnano (Na) 

455

C. Verazzo 

The study and conservation of reinforced concrete architecture: still a challenge? 465
A. Versaci & A. Cardaci 

The conservation of the Seven Dolls Temple at Dzibilchaltún: a multifactorial challenge 477
I. Vit Suzan 

From knowledge to management. Methods and tools for the planned conservation of university built 
heritage. A case study 

487

E. Zamperini, M. Morandotti, V. Cinieri & S. Lucenti 

Chapter 4 - Preservation and rehabilitation of historic centres 

Urban revitalization of historical centres: through cultural and heritage assets �case of historical 
medina of Algiers� 

499

H. Benacer 

Earthquake safety in historic city centres: how to plan evacuation routes by considering 
environmental and behavioural factors 

513

G. Bernardini, S. Santarelli, E. Quagliarini & M. D�Orazio 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)xvi



 

The re-design of the urban connective: historic towns accessible 523
N. Carrà 

Developing awareness about industrial heritage: experiences from a Graduation Architectural Design 
Studio 

531

A. Ciravo lu, D. Erinsel Önder, A. Çiftçi, S. Erkenez, B. M zrak Bilen & H. Ta tan 

The Concelho de Vinhais as an historic centre 541
A. Cremin 

The protection of historic centers. The analysis of the perturbation pressure system to mitigate wear 
and failure phenomena 

551

D. Diano 

Integrated planning of urban �common� heritage: objectives and enhancement strategies 561
C. Fallanca 

Urban upgrading policies for the historical center of Campinas/Brasil 569
H. Gallo, M. R. S. Oliveira & C. L. Ferreira 

Small historic centers: from abandonment to new ways of living. Tools for the preservation of 
ancient �marginal� villages 

583

M. Giambruno & S. Pistidda 

The use of GIS in the preservation of a historic center of a town in southern Brazil 595
D. Heidtmann, D. Feger, M. Moreira, V. Gonzaga & L. M. Costa 

The quality of social environment in the centers of historic towns in the context of the stability of 
families living in them (outline of a research problem) 

605

B. Podhala ski & Z. Or owska 

From intangible to tangible. Urban evolution in two Mediterranean villages through popular 
traditions 

613

R. Rambla Moliner & J. A. García-Esparza 

A cultural evaluation of the contemporary experiences of urban space regeneration in historic cities 
of Iran 

621

E. Ranjbar & S. Afsari Bajestani 

Revisiting the city, augmented with digital technologies: the SeeARch tool 637
M. Raposo, S. Eloy, M. S. Dias & M. Lopes 

Infill development and heritage: the case of Raciborz old town, Poland 647
E. Stachura 

Soft mobility in city planning 659
A. Taccone 

Recovery of historical center of Guadalajara 665
A. M. Trallero Sanz 

Urban utility tunnels as a key tool in the sustainable revitalization of historic centres: the case study 
of Pamplona 

673

J. V. Valdenebro-García & F. N. Gimena-Ramos 

 

 

Contents xvii



 

A diagnostic process to involve users in built environment maintenance. The Metrics Project for the 
historic center of Naples 

685

S. Viola 

From a medieval town to a stratified urban centre. Archaeological and architectural analyses for the 
rehabilitation of the old town of Marignane 

693

M. R. Vitale & D. Sanzaro 

Visible or not? A comparison of historic areas conservations in colonial Chinese cities 705
X. Zang, B. van Gorp & J. Renes 

Chapter 5 - Authenticity and built heritage 

The Crichton Estate: a cultural built heritage perspective 723
J. H. N. Amar & L. Armitage 

New Co+: new sustainable life for summer camps 735
D. Besana & F. Scalzone 

Bucharest, the little Paris? 747
L. Brum  

On value conflicts: negotiating difference in the renovation of historic buildings 759
K. Connolly, Y. Megahed & A. Sharr 

Consumption and authenticity: relationships between built heritage and local society 769
A. Csizmady & B. Csurgó 

Which authenticity for Fascist regime architecture? The case of the Santarelli Kindergarten in Forlì 
(Italy) 

783

G. Favaretto & L. Signorelli 

Urban typology and sense of place: Port Said�s heritage authenticity between challenges and 
protection 

795

S. S. Fouad 

Transforming to Preserve: the dimension of time and materiality in cultural heritage 805
H. Gallo 

Registration and rehabilitation of abandoned municipal property in mountain regions. A key for a 
local culture - oriented development 

815

S. Giannakopoulou & A. Arvanitis 

Contemporary architecture in ancient buildings. About authenticity 825
M. M. Grisoni 

Effect of Colonial British Architecture in the Iraqi Modern Architecture 835
S. A. Hassan 

Sylvestro-Benedictine Churches in Sri Lanka: as an alternative tropical model 851
S. Jayasinghe 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)xviii



 

The Rocks, Sydney: conservation and interpretation of the site of Australia's initial European 
settlement 

861

W. Johnson 

Urbicide, an approach to the birth of a contemporary concept 869
A. Juana 

Affordable 20th century housing in Porto. The transformation processes under scope 877
G. Lameira, L. Rocha & M. Cruz 

Teaching continuity: new modes for developing architectural design in historic settlements 887
S. J. Lee & S. H. Stone 

Reconstructing bridges. A cultural operation 897
C. Mariotti & A. Zampini 

Collective dwelling of cooperative promotion, defining authenticity criteria 909
V. P. Matos 

Landscapes of ruins: authenticity and invention. A case study of the restorations of the Banditaccia 
necropolis of Cerveteri, initiating from the World Heritage evaluation 

921

P. Porretta 

The relationship between authenticity and worship space 933
E. Pozzi & M. Pretelli 

Scattered architectonic heritage in the Municipality of Cáceres 943
A. B. F. Serrano Candela & C. C. J. C. Salcedo Hernández 

The ruin and the creative scenography of the urban heritage 955
J. M. Silva 

Explorations of the hidden space. A new place to look at the heritage. Wanderings in Seville�s 
Cathedral 

965

A. Tomás García & B. F. J. Montero Fernández 

The archaeological landscape as common good. Knowledge, preservation, enhancement and fruition 975
R. Vanacore, M. Antoniciello & F. Silva 

Chapter 6 - Inclusivity of historic sites and buildings 

After conservation: let building tell its own story 9 7
. Aytar 

The modern approach in designing the inclusivity of historic sites and buildings 999
G. Di Ruocco, F. Primicerio & E. Sicignano 

An elevator for an historical college: how to improveaccessibility respecting the existing building 1009
A. Greco 

How many (hi)stories can we save? Piccini in Vienna 1017
G. K. Heinz 

Contents xix



 

Accessibility to archaeological sites. From the accessibility dimensions to an access strategy 1025
A. Lauria 

Environmental design in historic sites 1035
M. Rotilio & P. De Berardinis 

Chapter 7 - New materials and products for the rehabilitation of historic buildings and 
structures 

Textile reinforced mortars for strengthening of historical stone buildings in Oman 1047
A. H. Al-Saidy, A. W. Hago & S. El-Gamal 

Maintenance and recovery of plasters: a decision-making process for the selection of compatible 
products and technologies 

1057

P. F. Biancamano 

Innovative materials for the conservation of built heritage. An overview 1069
M. Carraco Palos, C. Rivera-Gómez, C. Galán-Marín & A. Barrios-Padura 

Rehabilitation of �tabique� walls using a sustainable solution 1077
I. Fonseca & J. S. Machado 

Experimental investigation of masonry columns strengthening using basalt fibres ropes: first results 1083
F. Monni, E. Quagliarini, M. Vaccarini & S. Lenc 

From arazzo to textile based innovative system for energy efficiency of listed buildings 1093
V. Pracchi, E. Rosina, A. L�Erario, C. Monticelli, S. Aliprandi & A. Zanelli 

The assessment of soft capping as a new material and approach for ruin wall protection by 
experiment on two test walls in Shanghai, China 

1105

Y. Zhong, Y. Liu, S. Dai 

Chapter 8 - Sustainability principles and practices in the rehabilitation of historic 
buildings and structures 

Operational energy advantages 1119
N. Boyd 

Lifecycle approach for widespread built heritage: potentialities and criticalities 1129
V. Cinieri & E. Zamperini 

Maintenance-focused conservation plan of modern heritage buildings, an Australian overview 1139
A. Cruz, V. Coffey & T. H. T. Chan 

Networks for the sustainable development of cultural heritage: the case of Palazzolo Acreide 1151
S. De Medici & C. Senia 

Sustainable strategies applied to built heritage rehabilitation 1161
C. Marchionni, M. Rotilio & P. De Berardinis 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)xx



 

State of the Art survey for energy-efficient retrofit of historic residential buildings in both the EU an 
Turkey 

1173

M. Ulu & Z. D. Arsan 

Single and Double Step Joints Design: overview of European standard approaches compared to 
experimentation 

1185

M. Verbist, J. M. Branco, E. Poletti, P. B. Lourenço & T. Descamps 

 

Chapter 9 - Special chapter: earthen buildings  
  

Traditional construction techniques in northern Mozambique 1197
F. G. Branco, L. Belgas, J. M. Mascarenhas & A. Valente 

Build and re-build with earth, a building material paradigm of sustainability�s culture 1207
G. De Francisci 

Climate-responsive strategies of vernacular architecture in Albania and Portugal 1217
J. Fernandes, R. Mateus, E. Dobjani & H. Gervásio 

The conservation of Hakka earthen building. Conceptual tool and technical notes 1225
M. Giambruno & R. Gabaglio 

Past, present and future of earthen buildings in Sahrawi refugee camps 1235
R. A. Jiménez Expósito & A. Barrios-Padura 

 

Index of Authors 1245

 

 

 

 

 

 

 

 

 

 

 

Contents xxi



 
REHAB 2017 

R. Amoêda, S. Lira & C. Pinheiro (eds.)xxii



Chapter 1 

Technologies for inspection and monitoring 

of buildings performance and pathologies 





1 INTRODUCTION 

The use of laser scanner in historical heritage studies is a well established practice that already 
has a large record of experimental and bibliographic literature, which analyzes it from multiple 
facets. 

Its potential to determining the position and geometry of any given item is well known , 
usually  with a subcentimetre precision. 
But measurement is not the only information that can be obtained from a laser scanner. In the 
process of capturing points other parameters can be read, such as the RGB color value (if the 
scanner is associated with a camera), the normal value of the readings, and the value of 
reflectance. This last value (i.e. reflectance) is what will be discussed in this paper. 

Reflectance is simply the energy value of the laser pulse that returns back to the emitting 
device (laser scanner) once this has impacted on the area of study. We must not forget that the 
laser scanner technology is based precisely on the ability of a laser beam to stay coherent once it 
has bounced on a surface, allowing a reading of this reflection, and thus, the calculation of the 
distance between the emitter and the point of impact. 

Despite the ability to maintain its consistency and not dissipate, part of its energy is scattered 
as a result of the reflection on the object (diffuse reflection); and another part is partially 
absorbed by the surface material. For this reason, the beam always returns with an lesser energy 
than that with which it was emitted. Only in the case of a theoretical perfectly reflective surface 
-- the case of a mirror-- that has been scanned perpendicularly and at a small distance, the loss 

Automatic recognition of materials from laser-scanner survey data 
by the reflectance method 

P. Solà-Morales 
ETSA � Rovira i Virgili University, Reus, Spain 

J. M. Puche Fontanilles, J. M. Macias Solé & I. Fernández Pino 
Institut Català d'Arqueologia Clàssica, Tarragona, Spain 

J. M. Toldrà Domingo 
ETSA � Rovira i Virgili University, Reus, Spain 

ABSTRACT: One of the most common techniques for surveying architectural heritage today is 
the laser scanner. With this technology a point cloud is obtained which, after being processed by 
computer, results in a geometric mesh, and ultimately a three-dimensional model. But laser 
scanning delivers also, as a byproduct, the value of the reflectance of the documented surfaces, 
which is the quotient of the energy of the emitted laser beam (by the machine) divided by the 
energy received after being  reflecting on the surface of the measured object. This value varies 
according to the angles of incidence and reflection of the beam, but also on the optical and 
surface properties of the materials on which the laser light is reflected. This latter characteristic 
has led to hypothesize that the different materials that compose the surveyed surface can be 
individualized and automatically recognized. After studying similar cases in the scientific 
literature (made with natural light, with flights and LIDAR, etc.) we have tried to see if this 
assumption could be confirmed experimentally, with promising results. In this work, we explain 
the evidence and the methodology of the experiments performed to test the validity of this 
hypothesis. 
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of energy might be considered null. Reflectance is quantified as a percentage or a ratio, dividing 
the value of the received energy by the energy value of the output pulse. Thus, reflectance is 
typically a value from 0 to 1, although the scale of expression of this percentage varies 
depending on the software and hardware used. 

The energy loss is determined by various elements, which are basically: 
a) the distance between the laser scanner and the surveyed object: when the object is far 

the emitted pulse travels a larger distance through the air in the atmosphere, and it is 
subject to losses, noise, etc. Therefore, less energy will reach back the emitting 
machine. 

b) the angle of incidence of the beam on the surface: Most of the light emitted by the 
lsaer scanner is reflected in a different direction, and only a small fraction of the 
diffuse reflection is redirected towards the origin point. The returning energy will be 
greater when the incident angle comes closest to perpendicular. 

c) the nature of the surface: colour, roughness and material of the surveyed object also 
affect the angle and the amount of the reflected beam. 

It is this last property that has allowed us to use reflectance as an analysis tool of surface 
types (Fig. 1). 

There exist several studies in this area since the end of last century, focusing mainly on 
visible light. Maybe, the best known experiment is the joint work of the universities of 
Columbia and Utrecht (Dana et al., 1997 and 1999), which measured the reflectance value of 
visible light, emitted by controlled light bulbs, on different materials with 60 different angles. 
The reflected light was captured with a digital camera, and the pixels analyzed and their 
intensity transformed into a reflectance value. 

Figure 1. Graphic of reflectance.

In 2005 the work of Buill and Núñez (Buill et al., 2005) was published, which analyzes the 
behavior of reflectance, under controlled conditions, of several different color painted surfaces, 
also read from different angles. A similar experience was published by (Pfeifer et al., 2007), 
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which carried out a statistical study of the response of six materials in different conditions of 
distance and angle, being reflectance one of the values analyzed. 

These works --and others-- were able to analytically determine that there was a 
correspondence between the morphology of the surface scanned and the value of laser 
reflectance. This has enabled studies of practical applications such as the doctoral thesis of R. 
Pérez Álvarez (Perez, 2014), which unsuccessfully attempts to apply reflectance as a backup 
system for the detection of mineral veins in mining exploration; or the ministerial project 
SITEER (Supervisión Inteligente de Túneles mediante Estudios de Emisividad y Reflectáncia)--
funded with FEDER resources�which proposed the analysis and diagnosis of the status of 
tunnels combining the readings of thermal imaging and laser reflectance (www. SITEER.es) --
these two are a few examples in our closest geographical environment. 

2 PREVIOUS STUDIES - WORKING HYPOTHESIS 

Since 2006, the Catalan Institute of Classical Archeology (ICAC) and the School of 
Architecture of the University Rovira i Virgili (URV-ETSA) collaborate on various projects 
aimed at the documentation, the analysis and the study of architectural heritage, focusing mainly 
on the preserved remains of the ancient Roman city of Tarraco (Solà-Morales et al 2014). These 
works have lately materialized in the form of a ministerial MINECO project (HAR2012- 36963-
C05-02) which will be ongoing until 2019. Most of these collaborations have included 
documentation of architectural geometric study using laser scanner. 

The software for the processing of point clouds, typically generated by laser scanners, allow 
the view of such point clouds in different forms: natural color, gray colored patterns, and 
colored reflectance. In the latter, the software assigns a chromatic scale to reflectance values, 
rendering giving a false color image. For example, the lowest reflectance value is assigned a 
dark red, whilst the highest is a bright yellow, and all the values in between are a gradient 
between both colors. This colored visualization of reflectance allowed us to observe how often 
material and typological differences of the documented surfaces are clearly visible in the color-
values of such reflectance images (Fig.2). With this intuitive and subjective method we could 
individualize pavements, metal street furniture, the pictorial decoration of facades, window 
frames, doors, people, and, among other things, different types of wall structures. 

Figure 2.  Reflectance of a cloud of points. Figure 3. Histogram of a points from one material.

This visual observation allowed to set up a working hypothesis which stated that the value of 
reflectance could be used to discriminate among different types of surface, and thus being able 
to map, in automatic or assisted mode, a given area of study. If this hypothesis were valid, a 
very powerful analytical tool could be designed, to help in the documentation and study of 
historical architecture. Not surprisingly, in this 

discipline, all studies are born from an individualization of elements that make up an 
architectural object, and which are a result of its own history. This individualization can identify 
different periods of construction, the actions that have been carried out on it (both subtractive 
and additive), and its mechanical and technical characteristics, which enables the diachronic 
study of the building (Parenti 1988 and 2001). This individualization is normally done manually 
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and based on macroscopic observations, and as of today no method has been defined to 
automate, albeit partially, this process of analysis. 

The confirmation of the working hypothesis would combine the potential of data capture 
systems --in this case, laser scanner-- with the analytical study of objects, which would be the 
starting point of an Assisted Archeology of Architecture (AAA). It is not intended to create a 
system that fully automates the reading of architecture; the experience and "clinical eye" of the 
analyst can hardly be automated, but simply create a tool that simplifies the analytical process 
and is able to provide new information from not visible (or barely visible) features. 

In short, the assumption or hypothesis on which the work was carried out was: 
"The study of the value of the reflectance of the laser scanner can discriminate and identify 
differences in architectural materials from the typology of the various elements that compose 
it." 

3 WORKING PROCESS 

3.1 Reading data 

The surveying of surfaces with a laser scanner generates an ASCII file in which each line 
corresponds to a survey point. The data are further developed in different columns that state the 
values of the position x, y, z coordinates; the value of real color redings (usually in the form 
Red, Green, Blue) and the reflectance value, given in percentage format. The latter, according to 
the software that generates the file may have values that go from 0 to 1, from 1 to -1, from 256 
to -256 or -1536 to 1536. In all cases, the lowest value represents a zero reflectivity, meaning 
that the beam has lost 100% of the emitted energy, while the highest value returned represents 
the return f the entire issued energy.  

The following table shows an example of how a laser scanner point group is structured, with 
a scale from 0 to 1. 

Table 1. 
Xo Yo Zo Refl Red Green Blu

-3.259384 -6.638931 7.398300 0.332891 83 79 54
-3.259750 -6.639633 7.406479 0.370977 86 78 55
-3.258713 -6.637527 7.411575 0.373907 111 99 75
-3.257858 -6.635757 7.417007 0.408087 120 108 84
-3.257278 -6.634598 7.423111 0.363897 135 123 97
-3.258377 -6.636826 7.433029 0.426886 141 131 104
-3.257767 -6.635574 7.439224 0.412970 123 116 87
-3.257309 -6.634598 7.445450 0.419074 129 124 94
-3.256302 -6.632492 7.450546 0.417121 144 141 108
-3.258347 -6.636703 7.462723 0.432013 133 133 99
-3.259659 -6.639359 7.473190 0.325078 118 118 84
-3.260757 -6.641556 7.483139 0.392950 120 117 84
-3.261368 -6.642807 7.492050 0.398077 111 108 73
-3.259567 -6.639145 7.495407 0.402960 125 121 86
-3.258987 -6.637924 7.501541 0.328984 124 109 76
-3.260147 -6.640244 7.511673 0.232792 133 117 83
-3.259781 -6.639481 7.518326 0.243290 134 120 85
-3.260757 -6.641495 7.528122 0.244755 137 124 89
-3.261520 -6.643021 7.537399 0.227176 121 108 73
-3.264084 -6.648209 7.550858 0.287968 106 93 59
-3.262497 -6.644974 7.554733 0.399054 100 85 52
-3.260757 -6.641434 7.558243 0.393927 124 111 79
-3.259689 -6.639267 7.563339 0.404913 119 108 76
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4 THE VALUE OF THE REFLECTANCE OF A CERTAIN MATERIAL 

At first we considered the possibility that there was a direct correspondence between the (direct) 
value of the reflectance and the type of surface. Put another way, similar reflectance values 
should correspond to similar types of surface. If this was confirmed, it would be possible to 
make typological classifications of surface materials from direct comparisons only of this value. 
In 2015 we performed various tests based on data obtained in the field and in an uncontrolled 
setting, using a Leica C10 laser scanner. The C10 is a time-of- flight laser scanner, with an 
accuracy of 4.5mm every 50 meters, and a 3rd class laser with a wavelength of 532nm. 

The analysis of the ASCII table showed, however, that there was a high diversity of 
reflectance values within any given material. In fact, in the above table, which corresponds to a 
sample of a single material, shows that the value of the reflectance varies from 0.232792 to 
0.426886. In the same way, we noted that similar reflectance values were documented in parts 
of the file that corresponded to different materials. These two facts invalidated our first idea. 

Figure 4. Materials used in the 1st experimentation. Figure 5. Histogram of the materials.

Faced with the confirmation of the impossibility of this approach we considered that the 
assessment of difference was not given by a specific value --which could vary depending on a 
number of causes we could not control-- but by a statistical analysis of a large number of points 
of the same type of surface surrounding the surveyed point. 

In this train of thought, we took a dataset consisting of reflectance readings from of a few 
hundred points of the same material, from which drew a histogram distribution (Fig. 3) which 
define a curve akin to a bell curve. We also calculated the arithmetic mean, the standard 
deviation, the median and the mode as a way to characterize the histogram curve. 

Taking advantage of the data obtained in the previous surveys with laser scanner (in this case 
the Plaça del Rei Tarragona) this analysis and diagramming was repeated in 12 samples of 
surface segments: 2 of stone (ashlar), 3 of stucco (normal, wet, old); 2 of different metals 
(painted, rusted); 2 of different vegetation (trees, mainly), 2 of travertine paving; and 1 of wood 
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(door with no paint). The surfaces tested were between 400 and 600cm2 and had an average 
resolution of 1 point every 1.5cm., which generated samples of between 15,000 and 20,000 
points. Each surface was sampled with readings from two different stand points, in order to see 
the effects of the value of distance and angle (Fig 4). 

The analysis of the curves generated through the histograms allowed us to observe that the 
samples of similar materials gave similar shaped curves, albeit these curves where different in 
size and in horizontal position when compared to the same material samples obtained from two 
different scans (Fig. 5). 

From this very first  experimental approach were draw the following conclusions (Solà-
Morales et al in press): 

It is the statistical distribution of the reflectance values that describe the a typological 
difference among the surfaces analyzed. 

Any set of points of the same material presents a statistical distribution feature. Indeed, 
on the graphic level, the drawing of the bell curve of the histogram is exclusive and 
representative of each surface type. 

Like surfaces will yield like curves. 
The angle and distance of the measurement affect the value of the reflectance. However, 

the same surface material renders identical curve shapes, but larger and/or displaced at 
the base of the chart. 

Humidity affects the value of reflectance significantly, altering the profile of the 
histogram. 

These findings gave rise to assume the validity of the initial working hypothesis; the value of 
the reflectance could be used to typologically discriminate the documented surfaces with laser 
scanner. 

5 CONFIRMATION OF THE VALIDITY OF THE PRELIMINARY RESULTS 

To confirm these preliminary results we designed a second experimental test. This time around, 
the studied data had been generated with a Leica laser scanner P30. This is a device that 
combines the flight-of-time with wavelength to set the reading distance, and uses a Class 1 laser 
of 1550nm, with a precision of 0.5mm at 50 meters. The study object was a segment of the 
facade of the old hospital of Sta. Tecla in Tarragona, scanned in 2016, about 2x1 meters and 
containing different materials: anodized aluminum, white lime plaster, a red portion and a black 
portion of the same plastic banner, ashlar limestone, and glass. 

In order to perform the test, a small software was developed combining AutoCAD�s Autolisp 
and Visual basic, to extract the value of the reflectance of points located in a radius of 3cm from 
a point selected by the operator, and to perform and draw the corresponding histogram. For this 
data extraction we used mathematical �balls�,  

This has enabled to quickly get a large number of data to analyze, a total of 225 balls, 25 for 
each material 75 corresponding to the three transitional areas (Fig. 6). 

We grouped the graphs of each material in order to visualize the correspondence or 
concordance between them. The result was conclusive: all the balls of the same material form a 
curve show almost identical curves (Fig. 7) which confirms the hypothesis that all elements of a 
type of surface can be represented by a curve feature, determined by the reflectance readings of 
the laser scanner 

As a significant fact, it should be noted that the curve of the black banner stands practically 
on the far left of the graph, precisely on the lower reflectance values. This is due, undoubtedly, 
to the high energy absorption capacity that the black plastic has. Indeed, pure black is that color 
that does not reflect any of the light that. Conversely, the red portion of the same flag, despite 
being the same material, presents a curve with much higher energy levels. 

We analyzed, also, to observe their behavior, three transitional areas, i.e. the areas of contact 
between two different materials. Here we have generated 25 balls of each of the focus areas, the 
central point being the point of contact between two materials: one between the stucco and the 
stone masonry; a second one between the stucco and black banner; and the last between stucco 
and the red flag (being the stucco a very stable and well characterized material and histogram). 
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The graphs obtained (Fig. 8) surprisingly led to a double curve that can be identified as the 
sum of the curves of the two materials (or the transition from the one to the other) which opens 
the possibility of analysis and identification of areas of contact. 

Figure 6. Study area from 2nd

experimentation.
Figure 7. Histogram the materials of 2nd 
experimentation.

6 CONCLUSION AND FINAL DISCUSSION 

In conclusion, we can now ascertain that the statistical depiction of a ball of the reflectance 
values given by the laser scanner can be used to typologically identify segments of a scanned 
area. This method can be used to differentiate materials, colors (as in painting, finishing, etc.) 
and other factors, such as moisture (Fig. 5). 

We still need to determine the effects of the distance and the reading angle, and the variability 
that certain factors such as moisture or paint and coloring can give. This involves the design and 
implementation of a third experimental phase which contemplates these factors --and which will 
define as well the behavior of the transition areas between different materials. 
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Figure 8. Histogram from the transition area used in the second experimentation.

If the results of this last experimental phase are consistent with those obtained so far, we can 
create an algorithm that enables automatic reading and discrimination of scanned areas, and 
propose a mapping of the surfaces where different typological elements have been identified 
and individualized. 

If so we would be witnessing the birth of an Computer-assisted Archeology of Architecture, 
and a greater utility would be given to laser scanner point clouds , beyond the purely geometric. 
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