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RILEM, The International Union of Laboratories and Experts in Construction Materials,
Systems and Structures, is a non profit-making, non-governmental technical association
whose vocation is to contribute to progress in the construction sciences, techniques and
industries, essentially by means of the communication it fosters between research and
practice. RILEM’s activity therefore aims at developing the knowledge of properties of
materials and performance of structures, at defining the means for their assessment in
laboratory and service conditions and at unifying measurement and testing methods used with
this objective.

RILEM was founded in 1947, and has a membership of over 900 in some 70 countries. It
forms an institutional framework for co-operation by experts to:

e optimise and harmonise test methods for measuring properties and performance of building
and civil engineering materials and structures under laboratory and service environments,

e prepare technical recommendations for testing methods,
e prepare state-of-the-art reports to identify further research needs,

e collaborate with national or international associations in realising these objectives.

RILEM members include the leading building research and testing laboratories around the
world, industrial research, manufacturing and contracting interests, as well as a significant
number of individual members from industry and universities. RILEM’s focus is on
construction materials and their use in building and civil engineering structures, covering all
phases of the building process from manufacture to use and recycling of materials.

RILEM meets these objectives through the work of its technical committees. Symposia,
workshops and seminars are organised to facilitate the exchange of information and
dissemination of knowledge. RILEM’s primary output consists of technical
recommendations. RILEM also publishes the journal Materials and Structures which
provides a further avenue for reporting the work of its committees. Many other publications,
in the form of reports, monographs, symposia and workshop proceedings are produced.
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35158-178-0, e-ISBN: 978-2-35158-179-7; Eds. Kurt Kielsgaard Hansen, Carsten Rode
and Lars-Olof Nilsson

PRO 113: MSSCE 2016 - Concrete with Supplementary Cementitious Materials (2016),
ISBN: 978-2-35158-178-0, e-ISBN: 978-2-35158-179-7; Eds. Ole Mejlhede Jensen,
Konstantin Kovler and Nele De Belie

PRO 114: MSSCE 2016 - Frost Action in Concrete (2016), ISBN: 978-2-35158-182-7, e-
ISBN: 978-2-35158-183-4; Eds. Marianne Tange Hasholt, Katja Fridh and R. Doug
Hooton

PRO 115: MSSCE 2016 - Fresh Concrete (2016), ISBN: 978-2-35158-184-1, e-ISBN:
978-2-35158-185-8; Eds. Lars N. Thrane, Claus Pade, Oldrich Svec and Nicolas Roussel
PRO 116: BEFIB 2016 — 9th RILEM International Symposium on Fiber Reinforced
Concrete (2016), ISBN: 978-2-35158-187-2, e-ISBN: 978-2-35158-186-5;

PRO 117: 3rd International RILEM Conference on Microstructure Related Durability of
Cementitious Composites (2016), ISBN: 978-2-35158-188-9, e-ISBN: 978-2-35158-189-
6; Eds. Changwen Miao, Wei Sun, Jiaping Liu, Huisu Chen, Guang Ye and Klaas van
Breugel

PRO 118: International Conference on Advances in Construction Materials and Sytems
(2017)

RILEM REPORTS (REP)

Report 19: Considerations for Use in Managing the Aging of Nuclear Power Plant Concrete
Structures (ISBN: 2-912143-07-1); Ed. D. J. Naus

Report 20: Engineering and Transport Properties of the Interfacial Transition Zone in
Cementitious Composites (ISBN: 2-912143-08-X); Eds. M. G. Alexander, G. Arliguie, G. Ballivy,
A. Bentur and J. Marchand

Report 21: Durability of Building Sealants (ISBN: 2-912143-12-8); Ed. A. T. Wolf

Report 22: Sustainable Raw Materials - Construction and Demolition Waste
(ISBN: 2-912143-17-9); Eds. C. F. Hendriks and H. S. Pietersen

Report 23: Self-Compacting Concrete state-of-the-art report (ISBN: 2-912143-23-3);
Eds. A. Skarendahl and O. Petersson

Report 24: Workability and Rheology of Fresh Concrete: Compendium of Tests
(ISBN: 2-912143-32-2); Eds. P. J. M. Bartos, M. Sonebi and A. K. Tamimi

Report 25: Early Age Cracking in Cementitious Systems (ISBN: 2-912143-33-0); Ed. A. Bentur

Report 26: Towards Sustainable Roofing (Joint Committee CIB/RILEM) (CD 07)
(e-ISBN 978-2-912143-65-5); Eds. Thomas W. Hutchinson and Keith Roberts

Report 27: Condition Assessment of Roofs (Joint Committee CIB/RILEM) (CD 08)
(e-ISBN 978-2-912143-66-2); Ed. CIB W 83/RILEM TC166-RMS
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Report 28: Final report of RILEM TC 167-COM ‘Characterisation of Old Mortars with Respect to
Their Repair (ISBN: 978-2-912143-56-3); Eds. C. Groot, G. Ashall and J. Hughes

Report 29: Pavement Performance Prediction and Evaluation (PPPE): Interlaboratory Tests
(e-ISBN: 2-912143-68-3); Eds. M. Partl and H. Piber

Report 30: Final Report of RILEM TC 198-URM *“Use of Recycled Materials’ (ISBN: 2-912143-
82-9; e-ISBN: 2-912143-69-1); Eds. Ch. F. Hendriks, G. M. T. Janssen and E. Vazquez

Report 31: Final Report of RILEM TC 185-ATC ‘Advanced testing of cement-based materials
during setting and hardening’ (ISBN: 2-912143-81-0; e-ISBN: 2-912143-70-5); Eds. H. W.
Reinhardt and C. U. Grosse

Report 32: Probabilistic Assessment of Existing Structures. A JCSS publication
(ISBN 2-912143-24-1); Ed. D. Diamantidis

Report 33: State-of-the-Art Report of RILEM Technical Committee TC 184-IFE ‘Industrial
Floors’ (ISBN 2-35158-006-0); Ed. P. Seidler

Report 34: Report of RILEM Technical Committee TC 147-FMB ‘Fracture mechanics
applications to anchorage and bond’ Tension of Reinforced Concrete Prisms — Round Robin
Analysis and Tests on Bond (e-ISBN 2-912143-91-8); Eds. L. Elfgren and K. Noghabai

Report 35: Final Report of RILEM Technical Committee TC 188-CSC ‘Casting of Self
Compacting Concrete’ (ISBN 2-35158-001-X; e-ISBN: 2-912143-98-5); Eds. A. Skarendahl and P.
Billberg

Report 36: State-of-the-Art Report of RILEM Technical Committee TC 201-TRC ‘Textile
Reinforced Concrete’ (ISBN 2-912143-99-3); Ed. W. Brameshuber

Report 37: State-of-the-Art Report of RILEM Technical Committee TC 192-ECM ‘Environment-
conscious construction  materials and systems’ (ISBN: 978-2-35158-053-0);
Eds. N. Kashino, D. Van Gemert and K. Imamoto

Report 38: State-of-the-Art Report of RILEM Technical Committee TC 205-DSC ‘Durability of
Self-Compacting Concrete’ (ISBN: 978-2-35158-048-6); Eds. G. De Schutter and K. Audenaert

Report 39: Final Report of RILEM Technical Committee TC 187-SOC ‘Experimental
determination of the stress-crack opening curve for concrete in tension’ (ISBN 978-2-35158-049-
3); Ed. J. Planas

Report 40: State-of-the-Art Report of RILEM Technical Committee TC 189-NEC ‘Non-
Destructive Evaluation of the Penetrability and Thickness of the Concrete Cover’ (ISBN 978-2-
35158-054-7); Eds. R. Torrent and L. Ferndndez Luco

Report 41: State-of-the-Art Report of RILEM Technical Committee TC 196-ICC ‘Internal
Curing of Concrete’ (ISBN 978-2-35158-009-7); Eds. K. Kovler and O. M. Jensen

Report 42: ‘Acoustic Emission and Related Non-destructive Evaluation Techniques for Crack
Detection and Damage Evaluation in Concrete’ - Final Report of RILEM Technical Committee
212-ACD (e-ISBN: 978-2-35158-100-1); Ed. M. Ohtsu

Report 45: Repair Mortars for Historic Masonry - State-of-the-Art Report of RILEM Technical
Committee TC 203-RHM (e-ISBN: 978-2-35158-163-6); Eds. Paul Maurenbrecher and Caspar
Groot
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Preface

The ICBBM2017 is an international forum for information dissemination and exchange, discussions and debates on research
and practice related to innovative bio-construction materials and technologies with objectives for sustainable development.
To dynamically address these, and to capitalise real opportunities which they present for the future, Polytech-Clermont-
Ferrand and Queen’s University Belfast bring together leading building and civil engineering sector players and international
experts, and other key stakeholders for what promises to be a landmark event in 2017's professional and business calendar.
Working together in an international context is nowadays a basic condition for progress. The considerable developments and
challenges in a rapidly changing world ask for grouping of forces and a common approach.

The conference attracted 250 people a wide range of academics, scientists, researchers, students, designers, policy makers
and other industrialists from a wide variety of backgrounds, including fields of engineering, materials, sustainable,
architecture, and ecological technologies, biomaterials, materials sciences, environmental engineering and government
agencies, end-users, etc. Participants have the opportunity to share ideas on the state-of-the-art innovations, state-of-the-
practice and future trends of bio-based building materials and sustainable materials used in construction.

The ICBBM2017 proceedings include the lectures and papers presented at ICBBM2017 conference. It consists of a book of
full texts of papers: 7 plenary papers and 130 papers from over 40 countries. The plenary keynotes and papers cover the wide
spectrum of the topics related to Natural fibres and materials, Mechanical performances of bio-based building materials and
design properties, Hygroscopic and hygrothermal properties of biomaterials, Acoustic and durability performance of bio-
materials, sustainability of bio-based materials, Eco-friendly binders with low COz-emission and Low embodied carbon
energy, Advances in research methodologies and Bio-materials testing, modeling building materials Rammed earth, Life-
cycle assessment of materials, and others.

On behalf of the Local Organizing Committee of ICBBM2017, we would like to take this opportunity to express our sincere
thanks to all our contributors and participants for their carefully prepared, stimulating and thought provoking manuscripts; to
the organizers of workshop for their dedicated task; to the members of the Technical and Scientific Committee for their time
and effort of reviewing the papers and their valuable assistance, without which the conference could not be formed.

The organization of a conference of this scale could not have been possible without the support and contributions of many
organizations and individuals. This conference would not have been possible without the financial support given by the
numerous sponsors (14 industrial sponsors, 5 institutions and 3 technical associations). We also value the support of RILEM
organization (The International Union of Laboratories and Experts in Construction Materials, Systems and Structures) and
American Concrete Institute (ACI).

Thanks go to all those who have devoted their time and effort to the organization of the conference and publication of the
proceedings, including secretarial staffs and research students of the ICBBM2017.
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Plenary speakers

Vegetal concrete: sustainability, design, properties, durability and future R&D
trends

Prof. Sofiane Amziane

Sofiane Amziane is a full Professor of University of Clermont Auvergne since 2008 and he is
the coordinator of materials Innovation Research Team of the Institut Pascal — UMR 6602
which is a part of CNRS. His main area of interest is turned since 2008 on bio based building
materials, rheology of cement based material and reparation of RC structure with
composite. He was the supervisor (or co-supervisor) of 17 concluded doctorates and
published more than 60 full papers. He edited the first book related to Bio-aggregate-based
Building Materials: Applications to Hemp Concretes as STAR of RILEM books and NIST
report. He is member, chair or co-chair of several ACl and RILEM committees.

Dr. Mohammed Sonebi

Dr Mohammed Sonebi graduated from the University of Sherbrooke (Canada) with a
PhD and MSc in Civil Engineering after completing a MEng degree at Bridges, Pavement
and Structural buildings. He then joined University of Paisley (Scotland) as a
postdoctoral research assistant and later as a Lecturer. He is now a Senior Lecturer at
Queen’s University Belfast. He has authored/co-authored more than 170 scientific
papers and 17 books/chapters. He is a Senior Member of RILEM and Chair of RILEM-
TC-266 and Voting member of American Concrete Institute (ACI) and Vice-Chair of ACI
522. He awarded the Best KTP Partnership and Excellence Engineering Awards 2013, a
Finalist for Parliamentary Awards 2016 in category Innovation Leading to New
Markets at Westminster (UK) with Bullivant Taranto Ltd..

Challenges and opportunities of using alternative construction materials in the
global housing sector — Environmental perspectives

Dr. Guillaume Habert

Guillaume Habert is since 2012 Associate Professor and hold the chair of Sustainable
construction at ETH Zurich. The main objectives of the research are to identify the relevant
parameters that influence the environmental impacts of buildings and infrastructures, to
quantify the improvement potentials for specific materials and structures and develop
innovative constructive techniques adapted to the technical, economic and socio-cultural
situation of specific territories. This involves interdisciplinary works dealing among others
with Life Cycle Assessment, urban metabolism and material science. The current projects
involve the development of clay based concrete, the use of excavation materials and the
sustainability assessment of low carbon cement.

Discrete modelling of building materials

Prof. Farhang Radjai

Farhang Radjai is Research Director at National Center for Scientific Research (CNRS) in
France. He is the head of research team « Physics and Mechanics of Discrete Materials » at
the Laboratory of Mechanics and Civil Engineering (LMGC) in University of Montpellier and
MIT research affiliate at the CNRS-MIT research group « Multi-Scale Material Science for
Energy and Environment ». He graduated in 1995 in theoretical physics and received his
PhD on modeling granular materials in University Paris-Sud. His research has mainly
focused on the rheology of granular materials using discrete modeling approaches and
statistical analysis with applications to cohesive flows, underwater avalanche dynamics,
multi-phase granular materials, agglomeration process, powder compaction and railway
ballast settlement.

Innovations in the use of bio-based aggregates in construction
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Dr Mike Lawrence

After careers in accountancy, book-selling and stone quarrying, Mike Lawrence became a
Lecturer in low-carbon design in 2012 in the BRE Centre for Innovative Construction
Materials at the University of Bath. He specialises in Natural Building Materials and in the
optimisation of the fabric of buildings to minimise in-use energy consumption. He founded
the Building Research Park and the experimental HIVE building in 2013. Mike is
Principal Investigator for the EU funded HEMPSEC and ISOBIO projects and co-
investigator on the ECO-SEE project and has published over 60 peer reviewed papers. He
also worked with Bath Abbey on their Footprint Project to ensure that the proposed work
has no impact on the historic fabric of the Abbey. Mike is a Trustee and Director of Earth
Building UK Ltd, a charity dedicated to promoting the use of earth in construction in the UK
and has been a member of two RILEM committees (TC BBM and Hygrothermal and
Durability of BBM).

Advances in laboratory characterization of materials

Prof. B. Caicedo

Bernardo Caicedo is graduate in Civil Engineering at the Cauca University in Colombia
(1986), DEA in geotechnics and structures, Ecole Centrale de Paris (1987), PhD in
Geotechnics and Structures Ecole Centrale de Paris (1991). He is now Professor at Los
Andes University since 1991. His main research topics are: physical modelling in
geotechnics, unsaturated soil mechanics, and experimental geotechnics. Prof. Caicedo is
member of the editorial board of Geotechnique Letters, Acta Geotechnica and the Journal
of Transportation Geotechnics. He is also referee for several international journals,
supervisor of 95 master thesis, 12 doctoral thesis in Uniandes. He is the leader of more
than 65 research projects in pavements and geotechnics in Uniandes. He is the editor of
one book and author of 80 conference papers and 36 journal papers.

Non-conventional inorganic-bonded fiber composite materials for housing and
infrastructure application

Prof. H. Savastano

Holmer Savastano Junior got his doctor degree in the field of civil construction (USP, Brazil,
1992). He has a post doctorate in the CSIRO, Australia (1998-99) and extensive
collaboration with international research groups and with the industry since 2001. Holmer
coordinates the Research Nucleus on Materials for Biosystems, USP since 2012. He has
published about 140 full scientific papers with more than 1,200 citations (Web of Science).
His main interest is on composite materials, use of residual and non-conventional
resources, sustainable and eco-friendly housing and infrastructure.

Concrete recycling: a new paradigm to face the challenge of circular economy

Dr F.de Larrard

Frangois de Larrard, PhD, is graduated from Ecole Polytechnique and Ecole Nationale des
Ponts et Chaussées, Paris, France. He started his career at LCPC (now IFSTTAR), doing R&D
in the field of concrete for bridges and pavement, with an emphasis on mix-design
optimisation, fresh concrete rheology, high-performance concrete, innovative pavement
concepts and sustainability. He joined the Lafarge group in 2011, where he holds a position
of Scientific Director. Frangois de Larrard has authored numerous papers, books, software
programs and laboratory devices. In addition to his LafargeHolcim position, Frangois is
currently Scientific Director of the French national project Recybéton, a 44-partner group
aiming at developing the process of recycling concrete into concrete in France.

AJCE - Special Issue Volume 35 - Issue 2



