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NMG Organisations in Brazil.’_
- Abcic :

- Abece «;J

- Ibracon ~ fib Statutory
Delegates Member Countries
- Fernando Stucchi (Head of Delegation)

- Iria Doniak

- Odinir Klein Junior
- Julio Timerman
Young Members Group

v 4
- Marcelo Melo -
40 fib Statutory Member Countries
Argentina - Australia - Austria - Belgium - Bl’aZI | - Canada - China - Cyprus - Czech Republic- Denmark - Finland -
France - Germany - Greece - Hungary - India - Iran - Israel - Italy - Japan - Luxembourg - Netherlands - New Zealand -
Norway - Poland - Portugal - Romania - Russia - Slovakia - Slovenia - South Africa - South Korea - Spain - Sweden -
Switzerland - Turkey - UAE - Ukraine - United Kingdom - United States
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Brazil in the fib

NMG Organisations in Brazil

- Abcic
- Abece
- lbracon

Delegates

Fernando Stucchi Head of Delegation
Iria Doniak

Odinir Klein Junior

Julio Timerman

Young Members Group
- Marcelo Melo
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Members from Brazil in the fib
-+ 100 members or participants in TGs
- 44 Students and Young Members

Persons in working groups

- Presidium and Deputy President:  Iria Doniak

- YMG Deputy Chair: Marcelo Melo

- TG6.5 Precast bridges Convener: Marcelo Waimberg
- TG6.9 Parking structures Convener: Iria Doniak

- COM 5 member: Pedro Almeida

- COM 6 member: Mounir El Debs,
Marcelo Ferreira,
Iria Doniak

- COM 9 member: Fernando Stucchi
Iria Doniak

- COM 10 member: Fernando Stucchi

- TG6.3 Sustainability: Iria Doniak

Paulo Helene

David Fernandez-Ordéfiez
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B> Mission and Objectives of the fib

“To develop at an international level the study of scientific and practical matters
capable of advancing the technical, economic, aesthetic and environmental
performance of concrete construction.” Statutes of the fib

Stimulation of Transfer into

. Dissemination by Production of Dissemination of
research and design and

publications, recommendations information to
conferences, etc. and codes members

synthesis of construction
findings practice

October 2023 David Fernandez-Orddiiez www.fib-international.org
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Commissions
Task Groups
Working Parties

Technical
Councill

General
Assembly

Presidium Secretariat

Planning & execution Materials & production

COM3 CcCOM4
ol COMZ Existing Concrete & COM5
Concrete Analysis &

) Concrete concrete Reinforcement
structures design
Structures technology

COM6
Prefabrication

Sustainability & durability Education & publications
| 1

COMS SAG COMS COM10 Yt)l\lfr?g
Durability Sustainability Model Codes

COMY7

Dissemination

Sustainability of knowledge Members
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2023-24 fib Presidium members

Stephen Foster Iria Doniak Akio Kasuga Agnieszka Bigaj Marco di Prisco _
Australia Brazil RETEN NEGEMERLE Italy Larbi Sennour
President Deputy President Past President USA

3

« b

Jean Michel Alberto Meda Alfred Strauss Sylvia KeRler Steve Denton David Fernandez-

Torrenti Italy

Austria Germany UK Ordoiez
France

Secretary General
)
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Technical reports

State-of-the-art reports

Textbooks

Manuals or guides

Recommendations

October 2023

Performance-based fire design
of concrete structures

Model Codes

1978

1¢ > fib Model Code (2020)
2 layout is underway

M fibModel Code
1¢ for Concrete Structures
~v 2010

fib Model Code for
Concrete Structures
2020
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The fib’s journal Structural Concrete

Structural Concrete
Structural ConcArete
» Current impact factor: 3.2

» 6 issues per year

Structural Concrete

Journal of the fil

Structural Concrete

Journal of the fiby

Structural Concrete

Journal of the fib

o
i fib
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Rose Fitzgerald Kennedy Bridge

Follow the link

October 2023

RosE FirzGeraLD KENNEDY BRIDGE
N25, New Ross Bypass, IRELAND

© Marcos Sénchez

The process of designing the Rose Fitzgerald Kennedy
Bridge over the River Barrow spanned over 20 years from
concept to completion.

The River Barrow Bridge provides the latest crossing point
for the River Barrow which is at least 300 m wid
south of the town of New Ross. Located 30 km away from thi
sea, the bridge has been an engineering target for decades in
Ireland. It provides a vital piece of infrastructure in the eastern
corridor of the national roads network. its completion removed
a significant proportion of heavy traffic from the town of New
Ross, enhancing the quality of life of the local commun
while providing a much-needed reduction in long haul journey
times in the south-east region,

The project was developed by Transport Infrastructure
Ireland and their Technical Advisors Mott MacDonald Ireland
in multiple stages. Between late 1998 and 2008, a concept
design was developed during the planning and environmental
studies stage and several alternatives were considered; from
cable stayed to arches and balanced cantilevers, with a final
preference for a three-tower extrados bridge which provided
the right balance of slenderness and modest height towers.
Tender for construction in a Public-Private Partnership (PPP)
format took place in 2014, the contract was awarded in 2016
and the road was opened to traffic in January 2020

The project, which includes a 12km long dual carriageway
bypassing New Ross town, was tendered as a PPP Contract
and awarded to BAM Iridium PPP Co with a team consisting of
Dragados + BAM Ireland as contractors and Arup and Carlos
Fernandez Casado S.L. as designers.

The design and value engineering of the structure was
constrained by the requirements already established during
planning as part of the Environmental Impact Statement and

2

David Fernandez-Ordéfiez
Sustainability in the fib Model Code

covered in Construction Requirements (critical documents
in the Irish planning and tendering process). The following
constraints, amongst others, were established as fixed:
Theexact positionofthe three towers(thusfixingthe mainspans
to 230m).
The height of the pylons (causing the bridge to be an extrados
structure and limit le o less than 12 degreesk

The maximum
10m
With i th

the design

with the cros:

Working within the challenging constraints listed above, the
detailed design phase aimed to optimise the preliminary design
concept of the structure for structural efficiency and material savings.
To achieve a world record span in concrete for an extrados structure
with a significant slendemess, the following changes were made:

The cross section was modified from inclined outer webs to two
vertical webs 8m apart, substituting the outer webs with precast
panels to maintain the appearance of a closed section. The precast
panels contribute to the transversal behaviour but there is a gap of
20mm between each panel longitudinally, so they do not contribute
to the longitudinal direction.
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The initial proposal of three parallel cables was substituted by a
single cable, spaced 6.5m longitudinally and with a maximum size
of 127 strands. Saddles were proposed for the cable detail passing
on the pylons, allowing the pylon width to be reduced from 2.6m to
1.6m, to enable the minimum possible deck width.

To maintain a relatively light deck, the web and slab thickness
were minimised using high strength concrete, where ed
C80/95 concret sed in t spans and C60/75 in
side spans v c n ength, while the
approach spans were designed as C50/60.

Finally, minor adjustments to the side spans were
implemented to optimise ongitudinal beh The road
alignment was also modified to reduce the bridg: both
ends to achieve a constant width cro sible,
and reducing the bridge length from 905
in the vertical alignment.

The bridge’s final configuration, after the minor sp
during tender, resulted in a tot
indicated, with an arrangement of
+70 + 50 m. In this
spans with 8 intermedia
— Al and A2. The plan alignment
approximately in the central part
with a transition from a radiu
at both ends; The heig
river reaches 40m and t s above the deck
n for the two lateral
ones (P3 and P5). Th
0.07L for the si and 0.117L for the central tower (with L

lues imply tower F span ratios of

being the central spar are low v ich lead 1o
@ tlassic extrados cable arrangement. In addition, ck is only
3.5m deep at midspan (L/65), 8.5m at the central tower (L/27) and
6.5m at the side towers (L/35). These are quite slender parameters.
It is also important to highlight the implication of the different
heights of the towers. This leads to an asymmetric distribution
of the cables along the main spans (8 from the side towers
and 18 from the main tower). This asymmetry on the cable

© Marcos Sanchez

Winner

gineering Structures

yston Palmer

support on the main spans leads to different cantilever lengths

T the les eral towers
support approximately 90
remaining 140m of each t ver length

tower supports the

during construction of 140 C ] equated to a

280m equivalent main span

a central tower also

erald Kennedy Bridge over the River Barrowis a
milestone inthe nstruction of bridges of thistypology.
As aworld recor 3 d full concrete deck, its design

ant challenge. This was not
derness achieved and the
nmental Impact
or
ement and the
cable system. This leads to a behaviour more closely related with
cable stayed bridges in comparison with other extrados bridges.
From an aesthetic point of view, this bridge is also unique due to
the difference in height between the central tower and the side
towers. This creates an asymmetry in the cable arrangement in
relation to the central spans. Because of the slenderness of the
deck, 3.5m deep at the tip with a maximum cantilever of 140m and
extremely shallow cables angles (10 degrees with the deck), the
geometric deflection control during construction was especially
complicated, with the added difficulties of early age properties of
the high strength concrete mix used in the project.
OWNER Transport Infrastructure Ireland (T1l)
AUTHORITIES' TECHNICAL ADVISOR Mott MacDonald
MAIN AUTHORS biguet Angel Astiz Suarez & Marcos Sénchez
(THER PARTICIPANTS Lucia Blanco Martn, Guiliermo Ayuso Calle, Borja Martin, Miguel
Angel Gil,Raul Goaalez Auilar, Gian Long, Claudia Sanoman, Alfanso Ramirez
Marchena, Mary Bawe, john lf, Fergal Cahill Pierre O'Loughiin, Joe Shinkwin, john
Murphy, Mike Wade & Ron Yee
CONTRACTORS BAM Ireland & Dragados UK Ireland
SUBCONTRACTORS/SUPPLIERS Tensa, Rubrica, Roadstone & Banagher
OPENED TO TRAFFIC January 2020
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Let's keep in touch

» Social media
> fib-news
> e-newsletter

00000

fib-news fib YouTube Channel

fib Bulletin 105

@fib-intemational 307 k abonnés 204 vidéos

ros on structural concrete presented by 6 memb_ >

f fib International Federation Structural Concrete
CEB-

ACCUEIL ViDEos PLAYLISTS COMMUNAUTE CHAINES APROPOS

de 2020 | DEVELOPMENTS |

Aurelio Mution

The ib MC2020 is taking sustamability as  fundamental
requrement
. and impacts. ife-cycle cost and erwirormental impacts, with
CEB-FIP these beng aligned with the Urvted Natons Sustanable
- T610.

LIRE LA SUTE

Vidéos B Toutlire
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Home - Commissions - YMG - Young Members Group

Motivation
The fib Presidium has approved the creation of an flb Young Members Group. All members of the Presidium have high expectations

for the development of this group.

The fibthinks that it is cruciel that young professionals are given the opportunity to fully participate in the activities of the
organisation. They are welcome to participate in commissions and task groups and to become part of the decision bodies. However,
young members do not normally participate in the development of documents and in the decisions of the i

The Young Members Group aims o build a framework that willallow young engineers to participate in the activities of the
association and to bring their ideas to the working groups and the decision bodies.

Scope and objective

The main objectives of the fib Young Members Group include:

« Improving the profession’s self-concept in the XX century. 1 e s hai
a A1 Commission Chair

« Encouraging mentoring within the b
« Studying the work of ather engineers to improve one's own work

] lemma Ehsman

» Events

» Podcast series
» YMG competition
» And more!

YMG podcast series

« Concrete
Sustainability Podcast-
2

* Concrete
Sustainability Podcast-
3

« Rising Stars Podcast - 3

Deputy Chair
Marcelo Melo

David Fernandez-Ordéfiez
October 2023 Sustainability in the fib Model Code

www.fib-international.org
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Home Commissions YMG - Young Members Group
Motivation

The fib Presidium has approved the creation of an fib Young Members Group. All members of the Presidium have high expectations
for the development of this group.

The fib thinks that it is crucial that young professionals are given the opportunity to fully participate in the activities of the
organisation. They are welcome to participate in commissions and task groups and to become part of the decision bodies. However,
young members do not normally participate in the development of documents and in the decisions of the fib.

The Young Members Group aims to build a framework that will allow young engineers to participate in the activities of the
association and to bring their ideas to the working groups and the decision bodies.

Scope and objective
The main objectives of the fib Young Members Group include:

¢ Improving the profession’s self-concept in the XXI century
e Encouraging mentoring within the fib
¢ Studying the work of other engineers to improve one's own work

R L .

YMG podcast series

e Concrete
Sustainability Podcast-
2

e Concrete
Sustainability Podcast-
3

¢ Rising Stars Podcast - 3

CEB-FIP

Deputy Chair
Marcelo Melo

David Fernandez-Ordéfiez
October 2023 Sustainability in the fib Model Code

www.fib-international.org
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A Bridge between Research and Practice
International Federation for Structural Concrete

Next events

fib PhD Symposium 2024 in Budapest, Hungary
28-39 August 2024

fib ICCS24 Sustainability in Guimarées, Portugal

11-13 September 2024

fib Symposium 2024 in Christchurch, New Zealand

11-13 November 2024
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fib International Symposium on Conceptual Design of

Concrete Structures, 2025 Rio de Janeiro, Brazil

14-15 May 2025
fib Symposium 2025 in Antibes, France
16-18 June 2025

International fib Symposnum
Cnceptualbesg Smm /-l[

fib S;/mposium2025

Ant|bes France

C ncrete Stri
end lifes| p lm|| mpacts

David Fernandez-Ordoéinez

October 2023 Sustainability in the fib Model Code
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Home Commissions COM6: Prefabrication

Motivation

Prefabrication plays an important role in the construction of concrete structures worldwide and is evolving continuously to cope with current society's habits and needs related to
housing, commercial buildings and civil engineering works. In fact, industrialised construction may result in cost efficiency, good guality and environmentally friendly solutions, as
well as the ability to adapt to market demands.

Scope and objective of technical work

The basic goal of COM6 is to enhance the progress of precast concrete, in relation to the state-of-the-art. The general scope is to promote the understanding of design concepts,
technology and use of precast concrete, not only by the specialists but also by a broader audience. The implied objectives are:

e to stimulate and coordinate R&D internationally;

e to transfer the output into planning, practical design and construction, by means of technical reports, state-of-the-art reports, guides to good practice, handbooks;
e to disseminate knowledge through seminars, courses, educational material;

e to contribute to recommendations, pre-normative documents and codes within standardisation bodies.

COM6 addresses subjects that include items directly related to precast concrete, such as systems, elements, connections, preduction, handling, assembling, demounting, etc., as
well as indirectly related items such as structural analysis, materials technology, building physics, equipment, environmental issues, sustainable development, terminology.

CEB-FIP

mmission Chair hair hair
Co 'ssion Cha Deputy Cha Co Deputy Cha NIEWALL MEMBERS
Stef Maas Wit Derkowski Larbi Sennour _
ACCESS NETWORK
David Fernandez-Ordéfiez www.fib-international.org

October 2023 Sustainability in the fib Model Code
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Commission 6. Prefabrication

Task Groups:

TG 6.1 Precast floors
Conveners: Maas (Belgium), Klein-Holte (Netherlands)
TG 6.2 Quality control for precast concrete
Convener: Frank (USA)
TG 6.3 Sustainability of structures with precast elements
Conveners: De la Fuente, Josa, Fernandez-Ordofiez (Spain)
TG 6.4 Precast concrete towers for wind power generators
Convener: Lancha (Spain)

David Fernandez-Ordofiez www.fib-international.org

October 2023 Sustainability in the fib Model Code 16
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Commission 6. Prefabrication

Task Groups:
TG 6.5 Precast concrete bridges

Conveners: Waimberg (Brazil), Kata (Japan)
TG 6.6 Retrofitting of precast seismic structures

Convener : Pampanin (Italy)
TG 6.8 Terminology for precast concrete

Convener: Krohn (USA)
TG 6.9 Precast Parking Structures

Conveners: Sennour (USA), Doniak (Brazil)
TG 6.11 Vision of precast concrete on social challenges

Convener: Falger (Netherlands)

David Fernandez-Ordofiez www.fib-international.org

October 2023 Sustainability in the fib Model Code 17
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Precast concrete in
mixed construction

Special design
considerations for
precast prestressed
hollow core floors
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Environmental issues
in prefabrication
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Seismic design of
precast concrete
building structures

October 2023

David Fernandez-Ordéfiez
Sustainability in the fib Model Code
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Precast concrete
railway track systems

October 2023

David Fernandez-Ordéfiez
Sustainability in the fib Model Code
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Treatment of
imperfections in precast
structural elements
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Structural connections
for precast concrete
buildings

CEB-FIP

October 2023

David Fernandez-Ordéfiez
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bulletin 60

Prefabrication for
affordable housing
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Design of precast
concrete structures
against accidental
actions

CEB-FIP

October 2023

David Fernandez-Ordéfiez
Sustainability in the fib Model Code
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Bulletin 74
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Planning and design
handbook on precast
building structures

EEN 1362-3810

Planning and design handbook on
precast building structures

Contents

Suitability of precast construction
Praliminary design considerations
Precast building systems
Structural stability

Structural connections

Portal-frame and skeletal structures
Wall-frame structures

Floor and roof structures
Architectural concrete fagades
Constructional detailing and dimensional tolerances
Fire resistance
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Fédération internationale da béton
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CEB-FIP

October 2023

David Fernandez-Ordéfiez
Sustainability in the fib Model Code
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Precast-concrete buildings
in seismic areas

State-of-the-art report

Precast
panels
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insulated sandwich

State-of-the-art report

CEB-FIP

October 2023

David Fernandez-Ordéfiez
Sustainability in the fib Model Code
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Sustainability of precast structures

State-of-the-art report
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PCL

“ER.EIp Precast/Prestressed
CEB-FII Concrete Institute

Precast concrete bridge
continuity over piers

Technical report

CEB-FIP

David Fernandez-Ordoéinez

October 2023 Sustainability in the fib Model Code
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Conceptual DeSlgn of Precast Precast Concrete in Tall Buildings

Concrete Bridge Superstructures

: State-of-the-art Report
Technical report '

CEB-FIP

October 2023

David Fernandez-Ordofiez www.fib-international.org
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Evolution of Model Codes

ceb-fip model code
for concrete structures

Model Code 1978

CEB Model Code for

Seismic Design of
Concrete Structures

CEB Bull. 165 Seismic Design
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fib Model Code 2020

fib Model Code 2010

fib Model Code
for Concrete Structures

2010

MC2010

5 Parts
10 Chapters

b
A Greatly
fib Model Code extended

for Concrete Structures

technical
scope and
coverage

MC2020

10 Parts
39 Chapters
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ldentified overarching goals for the publication Imesesosewomess —— f 87

= MC2020 Is a single, merged structural code for new and existing
structures

" |s an operational model code and oriented towards practical
needs

" |ncludes worldwide knowledge with respect to materials and
structural behaviour

= Recognizes the needs of engineering communities around the
world

David Fernandez-Ordofiez . .
www.fib-international.or
October 2023 Sustainability in the fib Model Code g

29



OOOOOOOOO

MC2020 Content EUETE&AEBI%IQA%%!%?&;M ﬁ b

EB-FIP

= Takes an integrated life cycle perspective

= Provides a holistic treatment of structural safety, serviceabillity,
durability and sustainability

= Defines fundamental principles and a safety philosophy based on
reliability concepts and sustainabllity

= Uses performance-based concept to remove specific constraints
for novel types of concrete and reinforcing materials
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Sustainability is a key value for today's society and also
for the fib. In this sense, the whole organization is
focused to develop information, documents, and tools to
be used by the construction community and the society
in peneral to achieve sustainability goals.

The ambition of the fib is that the work developed by
the organization creates relevant knowledge in the three
pillars of sustainability for the society. The work in the
Jib on the three pillars of sustainability is linked to
the United Nations 17 Sustainable Development Goals
and the developments of other organizations.

The fib is a not-for-profit association formed by
41 national member groups and approximately 1,000 cor-
porate and individual members. The fib's mission is to
develop at an international level the study of scientific
and practical knowledge capable of advancing the techni-
cal, social, economic, and environmental performance of
concrete structures.

The knowledge developed and shared by the fib (fib
Model Codes, fib Bulletins, fib events, fib workshops, fib
courses, etc.) is entirely the result of the volunteering
work provided by the fib members.

The fib was created in 1998 by the merger of the
Euro-International Committee for Concrete (the CEB)
and the International Federation for Pre-stressing (the
FIP). These predecessor organizations existed indepen-
dently since 1953 and 1952, respectively.

The fib is an independent society of professionals
working in the field of concrete that includes concrete

Discussion on this paper must be submitted within two months of the
‘print publication. The discusson will then be published in print, albng
with the authors’ closure, if any, approximma tely nine months after the
print publication.

users, rch desi; and i from acade-
mia, design firms, constructors, and owners.

The fib has had a commission dedicated to environ-
mental aspects of structural concrete from the start. Since
then, the fib has created a Special Activity Group (SAGS8)
to deal with sustainability and environment in 2010 and
created the Commission 7 “Sustainability” in 2015. In the
fib, there are many Task Groups working on sustainability
topics related to structural concepts, resilient structures,
precasting, environmentally friendly concrete materials,
recycling of materials and components, environmental
product declarations, life cycle perspective analysis, etc.
And fib will introduce some indicators to assess our com-
mission activities in the field of sustainability. These indi-
cators are used for the fib value assessment.

Sustainability concepts were already introduced in
the Model Code 2010 and are a key part in the elabora-
tion of the Model Code 2020 development. The fib Model
Code is the only code which has sustainability phileso-
phy as the main concept for the design, construction, and
cof ion of concrete built with concrete
which started with MC2010.

Sustainability is a crucial concept for the design, con-
struction, conservation and reuse of concrete structures.
The fib has had a very intense activity on the environ-
ment and sustainability. As an example, we list the past
bulletins developed in the fib about environmental
aspects and sustainability:

« fib Bulletin 18. Recycling of offshore concrete struc-
tures. 2002.

« fib Bulletin 21. Environmental issues in prefabrica-
tion. 2003.

« fib Bulletin 23. Environmental effects of con-
crete. 2003

Strucrural Conereie. 2021;22: jou

£ 221 fib. Internatonal Federation for Structural Concrele | 1909

David Fernandez-Ordoéinez

Sustainability in the fib Model Code

www.fib-international.org

36



Sustainability in the Model Code

Received: 11 January 2023 Revised: 25 February 2023 Accepted: 26 March 2023

DOIL: 10.1002/suc0.202300022

b WILEY

ARTICLE cr-rie

Sustainability perspective in fib MC2020: Contribution
of concrete structures to sustainability

Petr Hajek

Open Access:

https://doi.org/10.1002/suco0.202300022

W) Lheck ron

Received: 11 lanuary 223 Revized: 25 February 2023 Accepted: 26 March 2003

DOL: 10 1002 S1e0 202 300022

ARTICLE

fib wiLey

Sustainability perspective in fib MC2020: Contribution
of concrete structures to sustainability

Petr Hajek

Faculty of Civil Engineering, Department
af Architectuml Engineering, Caech
Technical University in Pmgue, Praha 6,
Cazech Republic

Correspondence

Petr Hajek, Department of Architectural
Engineering, Faculty of Civil Engineering,
Caech Technical University in Prague,
Thakurova 7, 166 20 Praha

6, Czech Republic.

Email: petrhajek@fsv.omt.cz

Grantovd Agentura Ceské Republiky,
Grant/Award Number: 22-1494 2K

1 | INTRODUCTION

1.1 | Global situation

Abstract

Sustainability is a global goal of sustainable development aimed at ensuring a
quality life on the Earth for the future generations. Buildings, infrastructure
and the entire built environment should be better prepared for the new
conditions—they should be sustainable, resilient and adaptable to new situa-
tions. This requires new technical solutions for the construction, reconstruc-
tion, and modernization of buildings and all other engineering structures.
Concrete is gradually becoming a building material with great potential for
realizing technical solutions that meet new requirements, leading to the neces-
sary reduction of environmental impacts and consequent improvement of
social and economic conditions. The paper presents implementation of sustain-
ability principles in the new fib Model Code 2020 (MC2020). This represents a
contribution of the International Federation for Structural Concrete (fib) to
the achievements of the Sustainable Development Goals (SDGs), set by the
United Nations in 2015 as an action plan for the period up to 2030.

KEYWORDS
concrete, LCA, sustainability

global warming due to the rapidly increasing amount of
greenhouse gasses in the atmosphere during last 2 hun-
dred years.

In 2022, the world population has exceeded 8 billion.

The world faces an increasing number of environmental
damage and/or natural disasters, and constantly growing
economic and sodal problems and challenges. The most
critical causes of this situation are population growth and

Discussion on this paper must be submit ted within two months of the
with the authors’ dosure, if any, approxdmately nine months after the
print publication.

This represents 3.2x increase since 1950. During the
same period, CO, emissions increased more than six
times, world average temperature increased by 1°C and
the number of recorded natural disasters increased
15 times." Entire sodety, all nations, must take an action
to slow down this process and adapt to the new natural
and social conditions. To achieve these goals, it is crucial
to implement sustainability and resilience as the most
important objectives in all human activities and actions.

This i an open access article under the terms of the Creative Commons Attribution-NonCommencial -NoDerivs License, which permits we and distibution in any
medium, provided the orginal work & properly cited, the wse k non-commercial and no modifications or adaptationsare made.
2023 The Authors Strsctuml Concrate published by JTohn Wiley & Sons Ltd on belalf of Inte mationa] Federation for Structu sl Concrete.
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3. Sustainability perspective
3.1 Principles of design and assessment with respect to sustainable

development
3.2 Social performance
)
Bearable

3.3 Environmental performance
ENVIRONMENTAL

3.4 Economic performance

Figure 3.1-1: Three pillars of sustainability and their interconnections
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3. Sustainability perspective

Sustainability is a global goal of sustainable development focusing to assurance of quality
on the Earth for the future generations.

Concrete products and structures should, through their performance within the entire life
cycle, contribute to sustainable growth of society and sustainable development of life on
the earth by reducing negative impacts and increasing positive affect on the society,
environment and economy.

Sustainability approach is a key conceptual principle to be considered through the life
cycle of concrete structures in all activities, including design, production, construction,
operation, maintenance, repair and dismantlement or circular use of any building or civil
engineering work forming the built environment.
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3. Sustainability perspective
In the design of new structures and in the assessment of existing structures, evaluation of
performance should be performed for all three pillars of sustainability, ...Social
Performance,...Environmental Performance,... Economic Performance.

The approach to sustainability is consistent with the principles of performance-based
design and assessment of concrete structures which is described in chapter 4. Hence, the
relevant aspects of social, environmental an economic issues are to be dealt with as
performances with the associated balanced requirements to be considered in order to
provide the functions satisfactorily through the working life of the structure.

It is essential to consider changes and developments of performance within the entire life
of a structure. Therefore, a life cycle approach is important in the sustainability evaluation.
This consideration corresponds to the perspective of life-cycle management and care
given in chapter 5.
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3. Sustainability perspective

The relevant aspects of social, environmental and economic performance related to
fulfilling performance requirements and contributing to achievement of sustainable
development goals during the entire life of a structure shall be defined based on
society and stakeholder needs.

They should be specified during briefing phase in the client brief and during the
subsequent phases of the design and assessment process they should be dealt
with in a way that is compatible with the decision process employed by the owner.
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14. Concretes
14.5 Environmental performance of concrete

The evaluation of the environmental impact of a concrete structure is highly
complex and comprises a great bandwidth of aspects reaching from emissions and
resources consumption resulting from the production of the concrete and other
building materials, the impact resulting from the building process itself, impacts
resulting from the use of the structure (such as heating, cooling etc.) as well as
Impacts from the demolition of the structure.

Concrete, however, by definition, cannot be sustainable or non-sustainable In itself.
It is rather in the responsibility of the designer to use the given material properties in
the most sustainable manner during design, execution, and in-service operation of
the structure throughout its entire life cycle.
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26. Conceptual design
26.1.2 Consideration of sustainability

Sustainability is a holistic concept that involves many aspects that must be
satisfied simultaneously and in a balanced way.

At the stage of conceptual design of new structures and interventions in existing
structures the evaluation of sustainable performance shall be considered from the
perspective of all three pillars of sustainability.

It is essential to consider changes and development of sustainable performance
within the entire life of a structure.
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26. Conceptual design
26.1.3 Consideration of life-cycle management

During the conceptual design stage, it is important to identify the different factors
that may affect the service life of the structure, so that they may be included in the
design basis; in addition, it is relevant to find solutions that may mitigate such
factors in order to be integrated into the adopted solution.
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26. Conceptual design
26.1.3 Consideration of life-cycle management

During the conceptual design stage, it is necessary to propose details that will
minimize the deterioration of the structure. For example, early consideration of the
necessary drainage details and their operation will help guide their development in
later design stages.

In this phase, it iIs essential to identify which are the structural members that will
have a shorter service life and the auxiliary means that must be provided for their
replacement.
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27. Approach to design
27.2 Consideration of sustainability

Sustainable development is an overarching objective of Model Code 2020 which
IS defined through three interdependent and mutually reinforcing pillars: namely
the objectives and performance requirements established under the pillars of
social responsibility, environmental quality and economic efficiency.

Figure 27.2-1 presents illustrative process steps for sustainable design, which
are applicable to both general and structural design activities. Appropriately safe
and reliable structural performance is a fundamental requirement for the
satisfactory societal performance of a concrete structure.
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27. Approach to design

Goal:
Selection of general &
structural design /

Sustainable Design —
Illustrative process steps

assessment parameters Develop candidate schemes /
. scenarios
| Social aspects :
& = The ‘three pillars’ performance
g o requirements
g 8l p o
= &| Environmental aspects . Life-cycle management
S o= Iterative - ;
== philosophy and tactics
= process
A~ S 4 Conceptual design & execution /
Economic aspects e ment

Evaluate / verification against
LCM scenarios

Select ‘best’ candidate
schemes / scenarios

. Verification (social) structural performance
Sustainable ( D P

decision making:
Establish the most suitable scenario
/ candidate scheme for detailed
design development & execution /
implementation

Verification of other social performances

Verification environmental performance

Verification economic performance
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31. Evaluation of other aspects of social performance
31.1 Introduction
31.2 Health and quality of the built environment
31.3 Safety and security
31.4 Aesthetics and cultural heritage
31.5 Impact on local community
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31. Evaluation of other aspects of social performance
31.1 Introduction

The goal of including this requirement consists of taking into account the
satisfaction perceived for all those stakeholders involved from the
construction phase to the service life of the structure. Better understanding
of the connections between civil engineering and society can help to

minimise their negative impacts and help to develop more socially
sustainable structures
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31. Evaluation of other aspects of social performance
31.1 Introduction

The social issues include, on the one hand, criteria linked with the social
effects of construction and operation of structure (protection of cultural

heritage, service quality improve, local unemployment decrease, availability
of affordable dwelling),

and on the other hand criteria regarding health, safety and comfort of
occupants and workers on site.
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31. Evaluation of other aspects of social performance
31.2 Health and quality of the built environment

Health and quality of built environment has a fundamental impact on how
people perceive, function, and behave. It makes a direct contribution to
community social live and should be considered within all live cycle stages
from design, construction, operation to the end of life of structure.

Concrete and concrete structures could positively contribute to specific
aspects of social performance by following qualities:

Acoustic comfort
Thermal comfort
Maintainability
Flexibility
Healthiness
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31. Evaluation of other aspects of social performance
31.3 Safety and security

Security performance evaluation could be based on a risk analysis, where
security risk could be generally expressed as a function of threats,
vulnerabilities and potential impacts or expected loss. Nevertheless,
application of risk analysis to the real problem is difficult due to a lack of
relevant and meaningful variable data (e.g., cost of vulnerability, etc.).
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31. Evaluation of other aspects of social performance
31.4 Aesthetics and cultural heritage

The evaluation of aesthetics is in general influenced by the subjective taste
of individuals. It is usually a part of evaluation of jury within engineering and
architectural competition.

Cultural heritage includes, inter alia, tangible culture such as buildings and
other construction monuments. Protection and conservation of historical
buildings and other constructions represent an essential and highly
Important part of preservation of cultural human history.
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31. Evaluation of other aspects of social performance
31.5 Impact on local community

Negative impacts:
Interferences associated to noise and particles pollution;
Traffic disturbances during construction;
Soil erosion impacts due to construction, including impacts to ground water level,
Increased demand for water during construction and potential impact to water quality;
Time delays or loss of activity due to maintenance, rehabilitation, repair activities.

Positive impacts:

New construction can create economic advantages for the local community, incl.
Increase employment during construction and employment after start of new built
infrastructure;

Improving transportation networks provides economic benefits to local community
properties. By reducing travel time, people in local communities can reduce fuel costs
and venhicle depreciation;

Increased attractivity of the area by improvement of infrastructure.
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32. Evaluation of environmental performance
32.1 General
32.2 Objectives of evaluation of environmental performance
32.3 Principles of environmental impact evaluation
32.4 Life cycle assessment

Product stage Construction Use stage End of life Reuse
I 1 ' process Use stage Recovery
32.5 Environmental Product Declaration oy | PO | | o | Recory
Manufacture to building | Instalation Replacemen t Waste processing
32.6 EIA — Environmental Impact Assessment

I From cradle to gate:j
| From cradle to grave >
| From cradle to cradle >

Figure 32.3-2: Different concepts of LCA of concrete structures.
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32. Evaluation of environmental performance
32.1 General

The goal and scope of environmental impact evaluation shall be consistent
with the intended application in the design, construction and operation
processes of concrete structure. The evaluation and optimization model
should be sufficiently well defined to ensure that the results of the study are
compatible, relevant and sufficient to address the pre-defined goals.
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32. Evaluation of environmental performance
32.2 Objectives of evaluation of environmental performance

Due to the global character of the problem and complexity of relations
among the elements of the analysed system, environmental performance
evaluation requires consideration of its multicriterial character. The use of
multicriteria evaluation methodology and multicriteria optimization
techniques respecting the significance of the system's interrelationships is
thus essential and necessary.

The evaluation method should be capable to cover all relevant flows of
material, energy and others, and should consider corresponding essential
environmental criteria. However, simplification of the model is usually
admitted.
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32. Evaluation of environmental performance
32.3 Principles of environmental impact evaluation

The total environmental impact of product (i.e. concrete structure) should be
considered throughout its whole life, from raw material acquisition, through
production, use and disposal.

It is essential that the goal of optimization efforts should be to keep
structural materials in the closed material cycle (the grey area) as long as
possible. The high importance of maintenance and repair processes, which
can increase the durabllity of concrete structure, is thus evident. Equally, the
significance of renovation and recycling phases on the total environmental
Impact of concrete structure is considerable.

Life cycle approach allows for the choice of either a cradle-to-gate, cradle-
to-grave or cradle-to-cradle life cycle.
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32. Evaluation of environmental l

Client briefing of environmental aspects,

performance considering economic and social aspects (477777777 S '(‘i"."Tt;,':
32.3 Principles of environmental impact /7 — i

eval u ati O n performance requirements (S) 2nd priority
r
Design < _
1st prionity
Estimation of retained

environmental performances (R)

Verification

Does (R) satisfy (S) 7

Decision

Are requirements for
structural performances
and durability satisfied?

Quit

Figure 32.3-3: Procedure for environmental design of
concrete structures according to ISO 13315-4 [32-2]
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32.4 Life cycle assessment
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ENECE 0.3

TENTABILIDADE f:ciora e
NO PROJETO ESTRUTURALEg et
ENCIA OU REALIDADE?Estrutural -

The evaluation of the environmental performance is performed using

standard Life-cycle assessment (LCA) methodology. This methodology is

defined in a set of ISO, CEN, ACI and other standards. This chapter

presents basic principles of LCA.

LCA
Goal and scope Inventory | Impact
definition — analysis ~ 7| assessment
AN I
Vv A 4
Interpretation

Evaluation of alternatives in terms of environmental impacts

/]

N

N

y

Application of LCA results

Product development and improvement, strategic planning, marketing, public policy

Figure 32.4-1: Relationships and interactions of the steps in a LCA, fib Bulletin 71

[32-1].
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32. Evaluation of environmental performance
32.5 Environmental Product Declaration

ISO 21930 [32-11] provides core product category rules (PCR) for all
construction products and services including concrete components and
related services. In accordance with ISO 21930 [32-11], ISO 13315-8 [32-
12] provides principles, procedures and requirements for environmental
labels and declaration for concrete and concrete structures specifically. This
standard provides rules to ensure that all

Environmental Product Declarations (EPD) of construction products,
services and processes are derived, verified and presented in a harmonised
way. The overall goal of an EPD is to provide relevant, verified and
comparable information about the environmental impact from construction
products (e.g. concrete component like precast floor panel, precast column,
etc.) and services.
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32. Evaluation of environmental performance
32.6 EIA — Environmental Impact Assessment

Environmental Assessment is according to European legislation
(https://ec.europa.eu ) a procedure that ensures that the environmental
Implications of decisions are taken into account before the decisions are
made.
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33. Evaluation of economic performance
33.1 Introduction
33.2 Cost categories
33.3 Methodology of LCCA Cra®) = Co@) + VP G (D)8 (E) +Co8(t) (33.2:2)
where:
Co Design and construction costs (monetary unit);
Cn Cost of the n preventive maintenance (monetary unit);
Cp End-of-service-life costs —Decommissioning costs-(monetary
unit);
6(t) Discounting function;
tn time at which the »-th intervention occurs;
N(tp) the total number of interventions within time frame tp;
tp end of service life of the system;
14 vector parameter of system properties.

David Fernandez-Ordéfiez
Sustainability in the fib Model Code

www.fib-international.org 64



SUSTENTABILIDADE Nacional de
NO PROJETO ESTRUTURALEg et
TENDENCIA OU REALIDADE?Estutural

MC2020. Specific aspects of Sustainability |ENECE202326 ﬁ b

EB-FIP

33. Evaluation of economic performance

33.1 Introduction

The evaluation of the economic performance is normally done through a
Life-Cycle Cost Analysis (LCCA)

LCCA is an approach for the assessment of the financial feasibility of
projects. It is frequently based on Discount Cash flow analysis, which is
commonly limited to Net Present Value analysis; however, other
approaches can be used (e.g., real options).

Cost and risk are interdependent. Both should, in all cases, be considered
together. Sometimes, the most economical solution from the point of view of
the cost could also be that with the higher risk associated.
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33. Evaluation of economic performance
33.2 Cost cateqgories
The two main cost categories are:
i. direct; and
design and construction costs,
overhead, risk and benefit of the construction and operation;

maintenance, inspection and operation costs, and
end of service life costs.

i. Indirect costs.

Indirect costs are those which society incurs as a result of the construction, operation,
iInterventions or decommissioning of the project.
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33. Evaluation of economic performance
33.3 Methodology of LCCA

Despite the differences among existing LCC methodologies, the following
steps can be identified as general in any method of LCC analysis:

- Definition of the project objective and scope;

Establishing minimum performance requirements and restrictions;
|dentification of alternative options;

Assumptions and parameters;

Definition of the LCC model;

Cost and time database;

LCC Evaluation;

LCC results and interpretation: identification of key cost drivers;
LCC Sensitivity, uncertainty and risk analysis.
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34. Sustainability decision making
33.1 Introduction
33.2 Evaluation e

Technical quality

Functional quality
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34. Sustainability decision making
33.1 Introduction

Each one of the pillars measures a different aspect of sustainability and the
criteria and indicators that compose these pillars are generally not
combinable. Therefore it is not possible to combine them in a direct way.

Administrations normally have economic limitations but also value specific
aspects or ambitions of the project. Normally they will give more preference
to solutions that add more value to their requirements if they are in the
economic range that is affordable to them. Administrations can be restricted
by economic limitations but these should value other requirements and
ambitions of the project by properly considering the other pillars.
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34. Sustainability decision making
33.2 Evaluation

There are several available approaches oriented to assess sustainability by
combining the three pillars. Some of these tools might dismiss the explicit
consideration of the ISO regulations for the evaluation of the performance
according to the three pillars.

Should the pillars be combined to derive a global sustainability that permits
to make decisions, a transparent and consistent procedure has to be
followed to establish objective performance for each of the three pillars and
the combination of them.
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SPECIAL ACTIVITY GROUP SUSTAINABILITY
TG.SAG.1 Data bases
TG.SAG.2 Low carbon concrete structures and best practices

Sustainability-related Task Groups in ENECE?0)2 b

COMMISSION 7 SUSTAINABILITY
TG 7.1 Sustainable concrete- general framework
TG 7.3 Concrete with recycled materials
TG 7.5 Environmental product declarations
TG 7.6 Resilient structures
TG 7.7 Sustainable concrete masonry components and structures
TG 7.8 Waste materials and industrial by products for high performance reinforced concrete
structures

OTHER GROUPS RELATED TO SUSTAINABILITY
TG 1.5 Structural sustainability
TG 4.8 Low-carbon concrete structures
TG 6.3 Sustainability of precast structures
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Special Activity Group (SAG). Sustainability |ENESE22° ﬁb

Chair: Domenico Asprone (ltaly)

Scope:

The In 2020, many countries, including the EU and Japan, declared their commitment to
carbon neutrality by 2050. This movement has gained momentum, particularly after the
COVID-19 pandemic, with over 100 countries now involved. Despite the significant CO,
emissions of the concrete sector, concrete remains an essential material for human
prosperity. To achieve sustainability goals, the world will require concrete structures with
minimal CO, emissions in the near future.

Clients and taxpayers may begin to demand that designers, constructors, and owners
quantify the CO,_emissions of their projects properly. In this context, the fib must be
prepared to lead the change in the structural concrete community. It is essential that the
fib shares its knowledge and provides proper methodological approaches to enable a
reliable assessment of the environmental impact of concrete structures.
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To achieve its goal, the SAG will focus on three objectives:
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Establishing a comprehensive database of environmental impact data for structural materials
used in concrete structures. The SAG will prioritize data related to the construction stage, but
will also develop a strategy to manage data from the operational and maintenance stages, as
well as the dismission stage. The data platform will need to be continuously maintained by
collecting new data and updating existing data, with a focus on different lifecycle stages in
different geographical areas. The SAG will source this data from manufacturers, designers,
associations, and other institutions.

Defining a reliable methodological approach to support designers in guantifying the
environmental impact of concrete structure projects. The methodology will be based on LCA
principles and focus on the requirements and performance of structures. The approach will be
easily implementable and usable in the design process, with a common set of indicators and
proper metrics established to compare data and allow for the definition of benchmarks. The
methodology may also identify a Product Category Rule, according to the ISO 14000 series,
to enable designers to produce EPDs for individual concrete structures.

|dentifying the best tools and knowledge to quide the decision-making process towards
optimal structural solutions in terms of environmental impact while still satisfying expected
structural and functional performances. The SAG will suggest proper optimization strategies
and procedures and identify best practices for different structures, in various market
conditions and geographical areas.
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Objective 1: fib Database (TG.SAG.1, Costantino Menna) C

EB-FIP

= EXxisting database at national or regional level: state-of-the-art
and availability

= Main properties/needs of the fib Database (sqgl, no-sql,
regional, LCA phases, time representativeness...)

= Source data (manufacturers, associations, literature, ...)

= Tools to use the database (online platform, report, specific Bill
of Quantity software, BIM, ...)
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Objective 2: fib methodology (TG.SAG.1, Costantino Menna)

Existing methodologies and standards: PCR, ISO, ...

Main properties/needs of the fib methodology (regional, LCA
phases, boundary system, inventory data, Impact categories...)

Level of application (structural sytems, structural typologies,
technological boundaries)

Tools to use the methodology (online platform, report, specific
Bill of Quantity software, BIM, ...)

Methodology certification/standardization (EPD, Model code...)
Examples and case studies
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Platform Structure
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Objective 3.1: Low carbon concrete structures and best
practices (TG.SAG.2, Agnieszka Bigaj):

= |dentifying range of material, structural and technological
Innovation to enhance sustainability of concrete structures

o Innovations at material level, structural design level, construction level,
maintenance and interventions level, dismantlement and circular use:
+ addressed in ongoing fib activities
¢ not yet addressed in ongoing fib activities

= |dentifying best practices for different innovative solutions,
for various structures, market conditions and geographical
areas
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Objective 3.2: Low carbon concrete structures and best
practices (TG.SAG.2, Agnieszka Bigaj):

= Formulating consistent basis for performance-based design
of sustainable structures in a life cycle perspective suitable
for enhancing the sustainability of concrete structures:

o consistent safety philosophy for structural design innovative solutions
(reliability requirements and uncertainties treatment in verification of
structural performance)

a principles of equivalent performance approach for structural design
with innovative (material) solutions

o framework for performance evaluation based on material and structural
testing of innovative solutions
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Objective 3.3: Low carbon concrete structures and best
practices (TG.SAG.2, Agnieszka Bigaj):
= |dentifying methodologies for decision-making process

towards sustainable structural solutions for design,

execution and life cycle management including
Interventions, optimized in terms of environmental impact,

economic and social performance, and satisfying structural and
functional performance requirements:

o optimization objectives
o effective optimization strategies and procedures
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Consideration about new developments

(Joost Walraven)
Criteria for sustainability?

No official limit state criteria like
for structural safety, serviceability
and durability.

Criteria for comparison
between solutions:

- carbon footprint,

- embodied energy,

- energy conservation,

- efficient use of resources
- waste reduction

- global warming potential

Question: do we need limits
or also more general considerations?
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Limit values or design principles when pursuing
sustainability? (Joost walraven)
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Pedestrian bridge in UHPC in
Calgary 2007 (over 8 lanes);
Bridge length 53m,
Construction time 8 hours so no
traffic congestions;

No intermediate support so
safety and robustness.

Pedestrian bridge in Leyden in the Netherlands in
CRC-concrete (Compact Reinforced Concrete) | =

38m, h =0.275m. Architectural solution in
historical city centre
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Sustainability of buildings in relation to service life
(Joost Walraven)

Apartment building Vlaardingen,
The Netherlands (1960)

1980: From small apartments
with many small rooms to larger
apartments with larger rooms

2020: Need for more small
apartments for singles of small
families
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THE JOINT COMMITTEE ON THE GLOBE CONSENSUS

Education and il High level
training policy advice
Global body Standards
of knowledge and codes
Regional Best
workshops practices

GLOBE Consensus

Liaison Committee
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Industry, researchers, educators, committees, working parties, model codes,
conferences - with 5000+ members representing more than 150 nation states
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http://globe-consensus.com

Brasil:

Abraham Belk TQS
Ricardo Franca USP
Vanderley John USP
Carlos Massucato Ibracon
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Benchmarking of Resource Use and Embodied CO, in Buildings

The objective is to set the foundation for global benchmarks on the carbon footprint of
buildings, based on a joint methodology for assessing and reporting embodied impacts
in an attempt to generate globally harmonized yet location-specific benchmarks.
Measuring and benchmarking is a key strategy to reduce the resource use and CO2
footprints of the global building stock. A global standard will allow to compare and learn
from the wide variety global design and construction practices, fostering research and
innovation which are crucial to our common climate ambitions.
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GLOBE Data protocol for quantifying embodied carbon emissions in load-bearing building
structures - Prerequisites for unified global benchmarking of embodied CO, in buildings.

The paper at hand therefore establishes basic principles as how to carry out such a quantification,
while considering different possible usage scenarios of the resulting data, such as political and
regulatory, normative and stakeholder action. The provisions given in this paper are especially
intended to generate a discussion within the normative community on how to implement embodied
CO, in limit state considerations during the design process of load-bearing structures.
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GETTING TO NET ZERO

1 . .
Societies need for concrete (in the absence of any !

CO2 emissions (Gt CO2)
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Net zero pathway

A : % Contributions to
action) is forecast to result in 3.8Gt COz in 2050. : achieve:net zero

Efficiency in design
& construction

Efficiency in concrete
production
Savings in cement & binders

Savings in clinker production

Carbon capture and
utilisation/ storage (CCUS)

De-carbonisation of electricity

CO:z sink: recarbonation

Total reduction
2030 2050

4 .

COz2 emissions from electricity Direct net CO2 emissions (Direct CO2
emissions minus recarbonation)
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Fig. 1 Roadmap to carbon neutrality for fib members

David Fernandez-Ordoéinez

www.fib-international.or
October 2023 Sustainability in the fib Model Code 9 88



TG 6.3 Sustainability of structures with precast elements ENECE(0/326°

) o _ SUSTENTABILIDADE fisons.
Conveners: De la Fuente, Josa, Fernandez-Ordofiez (Spain) NO PROJETO ESTRUTURALTERE,

b PCL

Precast/Prestressed
CEB-FIP Pucat/Pu

CEB-FIP

Sustainability of precast structures
Contents

Scope

Sustainability of precast siructures

Conclusion and recommendations
Annex
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Sustainability of precast structures
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Performance Performance Performance
Buildin PIEN 15978
level 8 Assessment of
Environmeantal
Performance _
Consistency
betweem
- building and
Product E::'IEr:‘l"“ I FGdUEEtJS
level b "'Iu" ;"m P
Declarations
Note: st present, teihical information
rislated (o some asp = of social and
economic performs are included
urder thae provisionSaeesrEN 15804 to
farm par of EFD
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Sustainability in Housing: EPD

Environmental Declaration ISO/DIS 14025 Type 111

EPD

Meringslivets Stifielse for Miljadeklarasjoner

NEPD nr.11N

Godkent av St fielsens Venfikasjonskomité
Gyldig til 31.12.2003

B S

Deklarasjonen er utarbeidet av
Sriftelsen Gstfoldforskning

CONTIGA
Miljodekke

Miljedekke er produsert av:

Contiga A5

Komgkiperson: Farn Injar

Telefon: 60 24 46 00

E-mail: jom.injard contiga.no

Organisasjors nummer: Mo 917 507 837
EMAS/IS0-14001 reg Mo -

Produktspesifikasjon:

Bakgrunns informasjon:

r:iﬂd Data quality ﬁg‘::: Studien amfarter hele livstgper.
[%] element] Funksjonell enher: Im? hulldekkeleme nt HD265,
Sand 35,5 | Stedsspesifikke dam | 1923 ; hasert pi clemenr 12 m med & spennta.
— Arstall for studien: 2000
Pukk 11.5 | Stedsspesifikke data 45,6 . i
— — Daragrunnigg: Rivardata fra 199501
Miljspukk 20,4 | Stedsspesifikke data ELL Ar.‘.rm:.r f-ererr'd'h' 100 &r
Sement 12,5 | Stedsspesifikke data 49,4 .Promk.!-jm::;‘e’d: Contiga AS, Mass
Addit ver 0.1 | Under cut-off 0.5 Antart markedsomrdde: Bstlandsomridet
Vann 1B 7.0
Slamyann 3.9 |Fracgen produksjon 15,4
Armering 1.3 | Generelle data 52
Total 3066

Leverandgrers

Annen bedriftsspesifikk
informasjon

Contiga AS er leverandar av stil- og betongekmenter.

miljgstyringssystem

*  Contiga har for tiden ingen krav til leveranddrer om
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SUSTENTABILIDADE iacionsi e
NO PROJETO ESTRUTURALErgerher

e Consultoria

TENDENCIA OU REALIDADE? Estrutural

CEB-FIP
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Sustainability certification tools for buildings :

« BREEAM (UK)
 CASBEE (Japan)

» GBTool (International)

* Green Globes TM (Canada)
« LEED (USA)

 Verde (Spain)

}-CEB-FIP

David Fernandez-Ordoéinez
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Sustainability certification tools for buildings : ' sustentasiiaei:.

NN DRN IETN EQTRIITIIDAI Engenharia
sultoria

ural

Number of LEED and Breeam commercial building certifications CEB-FIP

mBREEAM(United Kingdom) = LEED(EEUU) = LEED(international)
3,500

3,000

2,500

2,000

1,500

1,000

500
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October 2023
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Sustainability certification tools for buildings : ' sustentasiiaei:.

NO PROJETO ESTRUTURAL Ergernaria

e Consultoria
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CEB-FIP
Trend of LEED Family of Rating Systems
(excluding LEED Italia, LEED Canada and LEED India)
45000
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/
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Sustainability certification tools for buildings :

Comparison of parameters between several sustainability tools

60,00% 1
5000% |
2000% 1
3000% 1
2000% |
1000% |
0,00% -

LEED

) BREEAM
Environment

Economic

. VERDE
Social

Others
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e Consultoria
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ENECE 0.3 b

CEB-FIP

‘ .6.10%

LEED

BREEAM

0.36%

=

VERDE

October 2023
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A life-cycle assessment (LCA) Is an environmental
assessment of the life cycle of a product.

fib_Bulletin 71 “Integrated life cycle assessment of concrete
structures”

An LCA looks at all aspects of a product life cycle — from
the first stages of harvesting and extracting raw materials
from nature, to transforming and processing these raw
materials into a product, to using the product, and
ultimately recycling it or disposing of it back into nature.

"EB-FIP

_ ENECE/0/326
Life-Cycle Assessment: O PR T TR st

A life-cycle assessment consists of these four phases.

. Assign the Rank the
Define the —> Condu_ct the life »| inventory datato —— significance of the
goal and scope cycle inventory . . . :
impact categories impact categories

David Fernandez-Ordoéinez
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L ife-Cycle Assessment: ST N 4
Raw

material Production | Construction | Operation | Demolition | Recycling
acquisition

From cradle to gate

From cradle to grave
From cradle to cradle
David Fernandez-Ordéfez www.fib-international.org 98
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Precast concrete structures SUSTENTABILIDADE 2.

TENDENCIA OU REALIDADE? Estrutural

The production of precast concrete elements normally takes place
under controlled climatic conditions in enclosed factories. This makes
control of waste, emissions, noise levels, etc. easy compared to the
same process at a traditional building site. Working environment is
also easily controlled.

Moreover the use of new technologies like self-compacting concrete
(SCC) can significantly reduce the noise and vibration in the
production process. The use of high-performance concrete (HPC)
enables design and production of more reliable and more durable
structures with optimized shape.

The potential for savings In structural material consumption and
consequently natural resources is evident.

}-CEB»FIP

David Fernandez-Ordéfiez
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Opportunities for prefabrication ENECE ()32
SUSTENTABILIDADE nciorai ¢e

NO PROJETO ESTRUTURALEngenharia

Environmentally TENDENCIA OU REALIDADE? Estrutural

friendly pl‘OdUCtion Minimum cement CEB-FIP
Thermal mass
Demountability and
possible reuse
High strength
concrete
Slender components
New design approach : adaptability
- large spans for interior flexibility
- maximum work in the factory — also for
technical equipment
Precast concrete is showing the way
David Fernandez-Ordofiez www.fib-international.org 100
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Energy consumption:

ENECE. (/3
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In some examples there have been compared the structures of buildings with
several heights for buildings of both homes and office. The functional unit is one
square meter of ground used by the building for the life of the building, including
both horizontal and vertical structural components and supplementary materials,
l.e., the total environmental load of the building. Lifetime expectation was taken as

50 years.
Energy consumption to produce floors .
Iltem Hollow core slab (MJ/m?)  Cast in situ slab (MJ/m?)
Cement 186 389
Steel 45 60
Other raw materials 15 23
Manufacturing process 128 32
Transportation 28 42
Total 401 560

}-CEB-FIP

David Fernandez-Ordéfiez
Sustainability in the fib Model Code

www.fib-international.org

101



Cost of floors:

ENECE /(0.3
SUSTENTABILID.!!n.DEE."ai?ﬁﬁ‘;?dae

mia

200 CEB-FIP
Prestressed
composite floor
plate
. 350
2 Reinforced _
g composited floor-~ -
® plate . ' ) ol
g 200 _“Corrugated steel ‘:' :
4 plate and concrete
5
= 2 Hollow core slabs
- ’
b4 ’
=] ’ /—'—"_/_’
< 250 .
= / -
Ef ”‘-—"" oo aea=- -~
= Tim_b_eg_flq_o'r/ _ o .-="" Double T slabs
.; ——————————
2 200
ot
:
)
=%
150 T T T T T T T T T T 1
5 6 8 9 10 11 12 13 14 15 16 17
Span in meters
Relative Costs of different kind of decks for housing. (CIMbéton. Paris 2002)
fibUK DISC, November 102

2020
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Environmental impact of floors:
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A study in the Netherlands carried out an extensive investigation comparing a
precast hollow core floor with a shuttering slab and a cast in situ floor. The results

are shown in table:

Concrete (kg)
Reinforcement (kg)

Total mass (kg)
Eutrophication (kg PO43 eq.)
Exhaustion (x 012)
Ecotoxicity(x103m3)
Greenhouse effect (kg CO, eq.)
Acidification (kg SO2 eq.)
Summer smog (kg C2H4 eq.)
Human toxicity (kg)

Use of primary energy (mi)
Solid waste (kg)

Hollow core 1 Shuttering slab Cast in situ
263,72 423,00 423,00
3,22 0,44 0,11
266,94 429,44 429,11
0,0356 0,0448 0,0410
0,0468 0,0621 0,0707
2.18 2.22 2.81
55,2 58,6 53,4
0,292 U,021 U,o00
0,0297 0,0453 0,0460
0,318 0,429 0,411
461 592 643
36,3 59,6 58,8

The quantities are per square meter. "eq.” = equivalents

Comparison of different floor types.

b

CEB-FIP

David Fernandez-Ordoéinez
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ENECE 0.3 b
Transport impact in the construction of floors:

A precaster in Norway carried out a comparison: The background was that a new
large hospital was being planned, a regional hospital.

Cast in situ floor Precast floor Savings
300and 350 100 mm Sum 200 mm hollow 50 mm Rockwool Sum
mm fiatslab  topping coreslabsand  sound insulation with
U-elements 50 mm topping
Area (m?) 25’000 25’000 257000 257000
Concrete (m®) 8’000 2°500 10°500 2°880 1°250 4’130 6’370
Concrete(tons) 20’000 6’250 26’250 7°200 3’125 10°325 15°925
No. of 1’333 417 1’750 257 248 505 1°245

truckloads

Possible less transportation in floor construction.

David Fernandez-Ordoéinez
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Multi-Criteria Method. General definition:

MIVES is a multi-criteria decision-making method capable of defining
specialized and holistic sustainability assessment models to obtain
global sustainability indexes.

The method combines:

a) a specific holistic discriminatory tree of requirements;

b) the assignation of weights for each requirement, criteria and
Indicator;

c) the value function concept to obtain particular and global indexes
and

d) seminars with experts using Analytic Hierarchy Process (AHP) to
define the aforementioned parts.

David Fernandez-Ordofiez www.fib-international.org 105
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Multi-Criteria Method. Requirement tree:

ENECE U/

SUSTENTABILIDADE

NO PROJETO ESTRUTURAL
CEB-FIP
Sub-criteria level Sub-criteria level Indicators level
£— e——
(exs) B (v
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i=N «— Indicator1.1.1 | !
[
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Multi-Criteria Method. Value functions for indicators; |ENECE/U/-20¢ ﬁ b

The value function can be Sl
Increasing or decreasing Concave —
depending on the nature of the ¥ *)
Indicator (or measurement - I——
] Lineal

variable) to be evaluated.

An increasing function is used
when an increase in the
measurement variable results in

an increase In the decision

maker’s satisfaction.

A decreasing value function 0
shows that an increase in the
measurement unit causes a
decrease In satisfaction.

4 1
4 |
4 I
e i
4 i
i
: Convex
}

Indicator

Xmin Xmax
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fib TG6.3. Proposed Tree, Criteria and Indicators:

The members of the fib TG 6.3. “Sustainability of precast concrete
structures” have assumed MIVES as a suitable tool to deal with the
assessment of the sustainability index of precast concrete structures
since this fits with the generality and flexibility required for this kind
of analyses.

Various seminars were carried out in order to define the approach that
the committee propose as a sustainability assessment method for
precast concrete structures. As a result, the requirements’ tree
presented has been established by the experts.

David Fernandez-Ordofiez www.fib-international.org 108
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fib TG6.3. Proposed Tree, Criteria and Indicators:
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The requirements’ tree presented gathers a total of 9 criteria (C) and 23 indicators (1)
which were established as the most representative. From these elements, it can be
noticed that:

« The LCA embraces from cradle (from materials’ extraction) to the end of life
(dismantling, this included). In this sense, other time boundaries could be
considered whenever these are more representative of the sustainability
assessment to be carried out.

 Increasing and decreasing value functions have been established.

« The units are fixed as to allow measuring either a particular element (eg., panels,
beams, columns) or the whole precast concrete structure.

« Attributes were established as a measurement systems for some cases; particularly
for those depending on local standards (Health & Safety indicators, for instance)
and those with a high statistical component (non-quality costs, which depend on
the type of elements, materials used, structural configuration, transport and
handling methods, among others).

David Fernandez-Ordofiez www.fib-international.org 109
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fib TG6.3. Proposed Tree, Criteria and Indicators:
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Sustainability in the fib Model Code

Requirement Criteria Indicator Units F::::Zn TENDENCIA QU REALIDADE?tutes CEB-FIP
C, Total Costs (A, =42%) ||, Direct and indirect costs (A, = 100%) £
C, Quality (A, = 19%) I, Non quality costs (A, = 100%) Attrib. DS
R, Economic C, Dismantling (A, = 9%) ||, Dismantling costs (4, = 100%)
(Agy = 35%] I, Service costs (A, = 61%) € DS
C, Service Life (A_, = 30%) I, Resilience (1., = 39%) S
I, Cement (A, = 22%)
I, Aggregates (A, = 21%)
‘ I, Steel (A= 21%) Ton DS
C, Consumption (A, = 44%) I, Water (A, = 12%)
l,, Plastics and others (4,,,= 10%)
R, Environmental l,, Reused materials (A, ,= 14%) 15
(A, = 38%) o l,, CO, emissions (A, = 62%) TnCO -eq
C, Emissions (A_, = 32%) I, Total waste (A,,=38%) Tor
L, Materials {lm: 37%)
C, Energy (A_, = 24%) I, Construction (4 .= 26%) MWh
. Service {}‘lez 37%)
I Comfort U“m: 52%) Attrib.
l,, Noise pollution (A, =15%) Db. DS
C, Third parties (4, = 37%) I, Particles pollution (A, = 20%) Ton
R, Social I, Traffic disturbances (A, = 13%)
u"“ = 26%) 1, Risks. Production {3.121 = 23%)
C, Health and Safety l,, Risks. Construction (A, = 23%) Attrib.
(Ao = 63%) 1,, Risks. Service life (4, = 55%)
David Fernandez-Ordofiez www fib-international.org 110
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fib TG6.3. Proposed Tree, Variability:

A survey was distributed among the fib TG 6.3 members in order to establish the
potential weights to be used in the requirements’ tree. A total of twelve (12) weighs’
distributions were obtained and, from these, different statistical studies were carried
out. In this regard, it must be highlighted that the weights gathered respond to the
average values obtained from the survey.

ARim CVir ARi,min ARi,max
Economic (Ri1) 35% 23% 30% 40%
Environmental (R2) 38% 16% 33% 50%
Social (Rs3) 26% 33% 10% 33%
Others (Rq) 0% 33% 10% 33%

Sustainability in the fib Model Code
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In terms of comparison with other sustainability or certification tools for buildings,
this table gathers the weights’ distribution proposed in these alternative sustainability

assessment approaches.

fib
TG 6.3

Economiec (R1) 35% | 26% 16% 21% 33% 19% 15% 24% | 34% | 15% | 35%

CEB-FIP

LEED | BREAM | VERDE | DGNB | LEnSE | SBT00lCZ | Arim | CVir | ARimin | ARima

friene b

Environmental (R2) | 38% | 46% 55% 53% 33% 44% 50% 46% | 17% | 33% | 55%

Social (R3) 26% 23% 20% 26% 33% 37% 35% 29% | 22% 20% 37%

Others (R4) 0% 5% 10% 0% 0% 0% 0% 2% - 0% 10%
Table 4. Weights’ distributions for various sustainability/certification tools for buildings
The data gathered reflect that the average value of the economic requirement weight is

reduced to 24% respect to the 35% agreed in the fib TG 6.3 whilst the environmental
requirement weight increases up to 46% in contrast the 38% assumed in the fib
committee. Finally, average values between 25%-30% for the social requirement
weight seems to be well-accepted.

It is Important to note that the environmental sensitivity is high independently of the
assessment method since values ranging from 33% to 55%, with variation coefficient
17%, have been found.

David Fernandez-Ordoéinez
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o L ENECE/0/326
Application example. Concrete columns for buildings: | SUsTENTABILIDabEL::.

"EB-FIP

The most representative criteria and indicators to deal with the sustainability
assessment of building columns according to the experts involved in the
seminar carried out for this study case are:

Requirements Criteria Indicators and value function shape

.. Building costs (85%, DS)

Ci. Construction costs (67%)

R.. Economic I>. Non acceptance costs (15%, IL)
(50%) _ I;. Maintenance (60%, DS)
C.. Efficiency (33%)

I+. Habitability (40%, DCv)
Cs. Emissions (67%) Is. CO:2 emissions (100%, DS)
Is. Concrete consumption (90%, DCv)

R>. Environmental

(33%) C4. Resources consumption (33%
O3 St consumption (10%, DCx)
Is. Workers’ i 1 20%, DS
Rs. Social Cs. Negative effects (80%) s Workers mconventences (20%, DS)
(17%) Is. Workers’ safety (80%, IL)
Ce. Third parties (20%) I10. Environment nuisances (100%, IL)

David Fernandez-Ordoéinez
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Application example. Concrete columns for buildings: | &5t ome s
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CEB-FIP
The results from the case study carried out are:
. Compressive Cross-section Vibration Sustainability
Alternative strength (cmm) mPrncess Index (SI)
(N/mm?) R T
Circular 1 Self-compacting 0.56
Circular 2 25 9350 Vibrated 0.56
1 = 1 -
Cllrcular 3 50 335 Self- c.ompactmg 0.77
Circular 4 Vibrated 0.72
Circular 5 Self-compacting 0.85
75 @ 30

Circular 6 Vibrated 0.89
Sqguare 1 Self-compacting 0.62
24uare 25 40 x 40 .

Square 2 Vibrated 0.61

= - 1 -

Square 3 50 30 x 30 Self- c-ompactmg 0.72
Square 4 Vibrated 0.66
Square 5 75 95 % 5 Self-c-umpacting 0.77
Square 6 Vibrated 0.71
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Application example. Concrete columns for buildings: N aiini e, ﬁb

As a result of this sustainability assessment, it can be concluded that:

« The most sustainable columns are those with smaller cross-sections and are
built using high compressive strength concretes.

« Columns made of self-compacting concrete have a higher Sl than those
vibrated.

 Circular columns are more sustainable than those square or rectangular shaped
due to aesthetic and functional reasons.

 Circular columns have a higher index when using high performance concrete
and having small cross-section areas while square and rectangular alternatives
are more sustainable when using conventional concretes and having bigger
Cross-sections

David Fernandez-Ordoéinez
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fib TG6.3. Second document: ENECE)0)326° b
Application to a precast concrete building  iasEE ) LU

Case study

Seismic columns (0.7m x 0.7m)

Seismic beams (0.4m x 0.7m) Seismic wall (0.3m x 6.0m)

I

{

<

/ Cast on site
!3-8‘1}1 a 1 \
A Precast

)
o
=
Seismic Wall system

© 8.0m, : g
8.0m_ '
32.0m 8.0m\ ‘3

8. 0m -~ 6.0m _
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fib TG6.3. Second document:

Application to a precast concrete building
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CEB-FIP

Model developed: decision-making tree

Requirement Criteria Indicators
I1. Direct 61%
12. Indirect 6%
_ C1l. Cost 61% o
R1. Economic 36% 13. Rehabilitation 11%
14. Dismantling 21%
C2. Time 39% I5. Production & Assembly
C3. Emissions 55% 16. Emissions of CO2-eq
R2. Environmental 39% CA4. Energy 19% |I7. Energy consumption
C5. Materials 26% 18. Index of Efficiency
C6. Safety 60% 19. Index of Risk
R3. Social 25% (7. Thi_rd parties' o 110. Social Benefits 55%
affectations 111. Disturbances in construction 45%

David Fernandez-Ordéfiez
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fib TG6.3. Second document: ENECE2023 b
Application to a precast concrete building VOB O P IDADES

CEB-FIP

Model developed: weights

60
Requirement
Participatory 50
approach
R1. Economic 36% 40
k& B R1.Ec.
30 B R2.Env.
[ R3. Soc.
R2. Environmental 39% 20
10
R3. Social 25%
0
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fib TG6.3. Second document:
Application to a precast concrete building

Model developed: weights

Participatory approach

&~
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Requirement Criteria
_ C1l. Cost 61%
R1. Economic 36%
C2. Time 39%
C3. Emissions 55%
R2. Environmental 39% C4. Energy 19%
C5. Materials 26%
C6. Safety 60%
R3. Social 25% ' ies'
C7. Third parties 40%

affectations
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Satisfaction value of the indicator

fib TG6.3. Second document:
Application to a precast concrete building
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Conclusions:

¢ In this case study, the results obtained showed that the prefabricated solution was more
sustainable than the on-site one.
*» From an economic point of view, although the traditional solution has lower overall costs, the
prefabricated solution is characterized by faster construction and repair times.

** Regarding aspects, results showed the convenience of precast concrete
especially from the point of view of the efficiency of materials that can be more easily recycled
or reused.

s From a point of view, the precast solution proved to be far superior to the one cast in

place due to the lower exposure to the risks and disturbances caused in the construction phase.

David Fernandez-Ordoéinez
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Thank you!

David Fernandez-Ordofez
fib Secretary General
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