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Foreword

The World is changing. Humanity faces an increasing number of natural disasters, 
economic and social issues. Living space for humans is threatened by severe envi-
ronmental damages. Considering this development, it is necessary to re-evaluate 
and modify existing principles and methods of building and civil engineering de-
sign and techniques of construction to guarantee comfortable and safe life for the 
whole population in the future. 

UN adopted in 2015 Resolution: Transforming our World: the 2030 Agenda for 
Sustainable Development. This Agenda is a plan of action for people, planet and 
prosperity and should stimulate action up to 2030 in areas of critical importance 
for humanity and the planet. The principal goal is to end poverty, protect the plan-
et and ensure prosperity for all. Critical aspects are global warming of the planet 
associated with carbon emissions and consequently with energy performance, and 
vulnerability of society to extreme natural events. 

New situation in natural and socio-economic environment requires new technical 
solutions for construction of new and reconstruction and modernization of exist-
ing structures. Concrete gradually became building material with high potential 
for new technical solutions resulting in needed environmental impact reduction 
and consequent social and economic improvement. With respect to specifics of 
concrete presented as a strong and durable material, it is possible to design and 
construct robust structures with a high level of resilience when faced to the ex-
ceptional natural or man-made disasters. To gain from advantages of concrete, it 
requires a better knowledge about technological processes and their impacts from 
a wide variety of sustainability aspects within entire life cycle – from acquisition of 
materials, through production of concrete and concrete components, construction, 
use, up to demolition of concrete structure and recycling. 

It is obvious that optimization of concrete structures thus represents great potential 
for increasing the complex quality of structures from the perspective of sustainable 
development. The main objective of conference fib ICCS2021 was to contribute 
to sustainable development through dissemination of advanced knowledge which 
is based on research results and developments in the fields of concrete structures 
and associated technologies. 

The 3rd International Conference on Concrete Sustainability fib ICCS2021 con-
tinues the tradition of ICCS conferences series starting in 2013 in Tokyo (ICCS13) 
and followed in 2016 in Madrid (ICCS16). The conference fib ICCS2021 is first 
time organized in cooperation with the International Federation for Structural 
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Concrete (fib – Fédération internationale du béton). The main conference topics 
were:

 ▪ Design and Assessment
 ▪ Advanced Materials
 ▪ Modelling and Analyses
 ▪ Durability
 ▪ Life Cycle Design
 ▪ Through-Life Management and Care
 ▪ Resilience
 ▪ Dismantlement, Reuse and Recycling
 ▪ Innovation in Buildings and Civil Structure
 ▪ Case Studies

Members of the Scientific and Organizing committees are very proud to present 
Conference proceedings with altogether 106 papers prepared by authors from 25 
countries.

We would like to express our thanks to all authors for presentation of their achieve-
ments and sharing their ideas within our community. All abstracts and papers were 
carefully blind reviewed thanks to active participation of 78 members of the Sci-
entific Committee. 

We also thank to the Czech Technical University in Prague, Faculty of Civil En-
gineering, ČBS – Czech Concrete Society and international convener fib for kind 
support. We thank also to all supporting organizations that provided their auspices, 
to our media partners and finally to our commercial partners. 

A special thanks are addressed all members of the organizing committee, especially 
Kateřina Sojková, Lenka Ingrišová, Zuzana Jirkalová, Tereza Pavlů, Jakub Řepka, 
Terézia Němcová, Tomáš Prajs, Jakub Hájek, and to Mikenopa agency for provi-
sion of hybrid format of the conference in virtual space. 

We hope that fib ICCS2021 conference has contributed to the enhancement of 
knowledge in the field of sustainable concrete structures considering changing en-
vironmental, as well as socio-economic situation in the world.

In Prague in September 2021 Petr Hájek
 Ctislav Fiala
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Keynote Addresses

Towards the Second Stage of Sustainability in Concrete-Related 
Industries

Koji Sakai
Japan Sustainability Institute
sakai@jsi-ks.jp

“Sustainable development” was defined in 1978 by an UN Commission. Since then, 
human being has continued to think how to conduct social and economic activities 
with sustainability concept. In the construction industry, it was the focus how to 
incorporate sustainability issues into the design system of a structure. Eventual-
ly, the author reached a new sustainability design system, in which social aspects, 
environmental aspects and economic aspects are appropriately taken into account. 
The classical design systems have not included the global warming issue. In the 
sustainability design, the environmental performance requirements are also set with 
the structural and economic requirements. The direction in the design framework 
is to enhance the redundancy of safety and to lower the environmental impacts. 
In addition, the performance requirements differ in each project. For example, the 
safety of a structure largely changes with the assumed external action in which a re-
dundancy is considered with various uncertain factors. The redundancy affects the 
environmental impact and cost. The balance among them is important. However, 
human being has realized that we cannot continue to utilize the current carbon 
technologies due to the progress of global warming. Eventually, the manufacturing 
methods of cement and steel should be changed or the emitted CO2 should be 
captured to realize carbon neutral. The electricity should be generated with renew-
able energies. Of course, any technology with the externalization of environmental 
impacts cannot be utilized.

When the zero CO2 in the manufacturing of materials is realized, the design 
objectives are social and cost aspects. However, as it does not become a reality from 
tomorrow, the development of technologies for materials and execution will be re-
quired for the transition period until 2050.

The current earth population is about 7.7 billion. It will be 10 billion by the 
end of this century. It means that we need to build and keep more infrastructures 
and buildings to accommodate people. We will have the greatest change since the 
industrial revolution.

The keynote lecture will trace the developments of sustainability concept for 
concrete-related industries and also clarify the direction of the road ahead towards 
the second stage of sustainability.
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Decarbonisation of Cement and Concrete: Scenarios up to the Year 2050

Christoph Müller
VDZ Technology gGmbH
christoph.mueller@vdz-online.de

The presentation describes pathways to the decarbonisation of cement and con-
crete up to the year 2050. Specifically, it presents two scenarios aimed at reducing 
direct CO2 emissions of cement and the cement and concrete value chain. chain as 
a whole: An ambitious reference scenario and a climate neutrality scenario.

The  ambitious reference scenario essentially provides the enhanced deploy-
ment of currently available CO2 reduction technologies in cement and concrete and 
is based on already very challenging assumptions.

The  climate neutrality scenario goes even further than the ambitious reference 
scenario and thus reaches the limits of what would appear to be technically feasible 
today. What essentially distinguishes it from the reference scenario is the additional 
use of breakthrough technologies. This applies for example to establishing markets 
for cements with a clinker content of between 35 and 50 %, new binders and the 
use of hydrogen as an energy source. Further increases in efficiency and innovations 
in the production and use of concrete are also assumed. Finally, it also includes 
carboncapture and its subsequent utilisation and storage (CCUS). This is based 
on the prerequisite that all other potential levers available for reduction have been 
exhausted to such an extent that the use of CCUS is solely restricted to the amounts 
of CO2 which cannot be reduced by conventional means.
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How Construction Chemistry Can Help to Improve Concrete 
Sustainability

Anne Jacobs, Martin Hunger
Master Builders Solutions Deutschland GmbH
anne.jacobs@mbcc-group.com, martin.hunger@mbcc-group.com

Concrete constructions are one of the keystones of our modern infrastructure and 
society and hence guarantor of our comfortable and safe life. However, we are now 
aware that this advancement has been achieved at the expenses of an increasingly 
disturbed environment and climate. In order to limit and control the damage and 
to protect our planet, the construction industry amongst others has committed to 
several very ambitious measures. These measures, above all the commitments of 
the cement industry to reduce greenhouse gas emissions, are widely discussed. This 
presentation illustrates the possibilities of modern construction chemicals to further 
improve the sustainability and competitiveness of concrete and hence make it the 
construction material of future generations as well.
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How Can We, the fib Community, Better Contribute to Design a More 
Sustainable World?

Hugo Corres Peiretti
Technical University of Madrid
hcp@fhecor.es

Sustainability is a holistic and complex concept. The fib started working in this field, 
indirectly in the mid-1980’s, first as ceb and FIP and later as fib, and in a very active 
and direct way since the end of the 1990’s. In the beginning, we started analysing, 
primarily, how the environment interacts with the structures focusing on durability 
problems; and, more recently, how concrete and concrete structures influence the 
environment. More recently, it became evident that it was necessary to carry out 
a deeper and truly comprehensive analysis of this problem. The new Model Code 
2020, in which sustainability is a concept present in all of the assumptions and 
actions that may take place during the entire service life of a structure, from con-
ception to demolition/dismantlement, is a good example of this new fib position.

This presentation will try to present the fib’s history in relation to sustainability, 
the most recent fib actions to improve fib’s contribution to sustainability, and some 
thoughts for future possible fib contributions to this important aspect of our future 
life. 
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Structural Sustainability in Conceptual Design

Akio Kasuga
Sumitomo Mitsui Construction, President of f ib
akasuga@smcon.co.jp

In the Task Group 1.5 of fib Commission 1, “structural sustainability”, which was 
newly defined for this TG, has been discussing since 2016. Structures can contrib-
ute to sustainability in the process of design, execution, intervention and demolition. 
Therefore, sound conceptual design for structures is very important to realize prop-
er sustainability. After COVID-19, climate change reaction will be crucial. Because 
sustainability leads to CO2 reduction, structural sustainability is a key. The philos-
ophy and examples of structural sustainability will be shown in the presentation.
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Fracture Behavior of Multiple Adhesive PostInstalled Anchors 
Subjected to Shear Force 

Y Tajima1 and K Hoki2

1Aichi Syukutoku University, 2-9 Katahira Nagakute-city Aichi Prefecture 480-1197 Japan 
2The University of Kitakyusyu, 1-1 Hibikino Wakamatu-ku Kitakyusyu-city Fukuoka 
Prefecture 808-0135 Japan
yujita@asu.aasa.ac.jp

Abstract. In Japan, reinforced concrete structures built in 1960s and 1970s were 
reinforced for sustainable use of buildings due to lack of earthquake resistance. Steel 
braces were most often used as reinforced building, and many anchors were installed 
in existing buildings to transmit stress to steel braces. Since stress transmission 
was dominated by shear force, it was considered that stress transmission needed to 
be designed for shear performance. However, in post-installed anchors, structural 
standards in Japan were determined based on tensile performance of one anchor to 
ensure safety. Therefore, in this study, experiments were conducted on post-installed 
anchors subjected to shear force in order to enhance applicability when post-in-
stalled anchors were used for seismic reinforcement. Furthermore, since there were 
a large number of post-installed anchors when they were actually used, an exper-
iment was conducted in which a shear force was simultaneously applied to one to 
four anchors. In this study, it was focused on number and pitch of anchors. Pitches 
of two, three and four anchors were arranged along loading direction at 100, 50 
and 30mm, respectively. Anchors were used deformed bar of nominal diameter of 
10 (mm) and materials of those were examined with SD390 and SD295. Concrete 
compressive strengths were four types from 22.46 to 29.34 (N/mm2). 

Major findings of this study were summarized as follows: in case of 
22.46 (N/mm2) for concrete compressive strength, shear strength of anchors was 
not double, triple, and quadruple as number of those increased to 2, 3, and 4, and 
that gradually decreased as number of those increased, the boundary condition be-
tween anchor shear rupture and pry-out failure was found that concrete compres-
sive strength was 25.12 (N/mm2) or less and anchor pitch was 30 to 50 mm, and 
anchor was tensile strength over SD390.
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Extent of Corrosion Damage for RC Structures Exposed 
to Chloride-Bearing Environment

F Lollini
Politecnico di Milano, Department of Chemistry, Materials and Chemical Engineering 
“Giulio Natta”, Piazza Leonardo da Vinci 32, Italy
federica.lollini@polimi.it

Abstract. In industrialized countries, most of the reinforced concrete (RC) struc-
tures and infrastructures have more than 40 years, since they were built around 
1960–1980, and were designed for a service life of 50 years. Consequently, in the 
next years, the number of structures and infrastructures that will need to be repaired 
will steeply increase. Several techniques, characterized by a different durability, en-
vironmental impact and economic impact, are available for the repair of a reinforced 
concrete structure damaged by the corrosion of reinforcement. To help the designers 
in the choice of the most suitable one, a preliminary assessment of the condition of 
the structure is essential, aimed at diagnosing the causes of deterioration, the extent 
of damage, i.e. the extent of corroding reinforcement, and its evolution in time. An 
approach, with a wide consensus, for the evaluation of the extent of corroding rein-
forcement is available for carbonation-induced corrosion, whilst it is still lacking for 
chloride-induced corrosion. In this paper two approaches for the evaluation of the 
extent of corroding reinforcement for a RC structure subject to chloride-induced 
corrosion are presented and compared, showing similar results. These approaches 
can be useful to properly plan a restoration intervention as well as to assess the 
reliability of the recently proposed model for service life design.
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Study for re-ASR Behaviour of Recycled Concrete Using 
ASRGenerated Concrete and Considering Countermeasure 
Technology

T Iyoda1 and N Matsuda2

1Shibaura Institute of Technology, 3-7-5 Toyosu Koto-ku, Tokyo 
2Tokyo Techno Company, 3343 Onoji-machi Machida city, Tokyo
iyoda@shibaura-it.ac.jp

Abstract. It is predicted that the concrete volume to be discarded will increase due 
to the renewal of the concrete structures and the increase in the returned concrete 
from construction site. The use of this concrete block as recycled aggregate is very 
important in terms of sustainability. However, recycled aggregate concrete is diffi-
cult to use due to large problems such as drying shrinkage and freeze-thaw action. 
On the other hand, the aggregate used for the raw concrete is often unknown, 
suggesting the danger of ASR. There is no previous research about what kind of 
danger is caused when an aggregate having an ASR risk is used as a recycled aggre-
gate. Therefore, in this study, recycled aggregate was made from raw concrete where 
ASR occurred, after that recycled concrete was manufactured using this aggregate. 
After this, ASR tests were conducted again for the recycled concrete. In addition, 
we examined whether recycled concrete using aggregates with properties improved 
by using the previously reported carbonation technique could be an ASR counter-
measure technology. As a result, it was found that the recycled concrete using the 
ASR-generated raw concrete as aggregate can suppress ASR by using recurring 
ASR aggregate treated by carbonation technology.
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Chloride Ion Penetration Behaviour in Concrete Containing an 
Expansive Additive and a Calcium-Aluminate-Based Additive

S Ito1 and T Iyoda2

1Denka Co.Ltd., 2209, Omi, Itoigawa-city, Niigata 949-0393, Japan 
2SHIBAURA INSTITUTE OF TECHNOLOGY, 3-7-5, Toyosu, Koto-ku, Tokyo 135-
8548, Japan 
shinya-ito@denka.co.jp

Abstract. The effect of the material characteristics on the infiltration behaviour of 
chloride ions in concrete containing a combination of an expansive additive and 
a calcium-aluminate-based additive has been investigated. The same level of salt 
resistance as that of blast furnace slug cement was exhibited even for a small ad-
dition amount. In addition, the permeation behaviour of chloride ions was largely 
influenced by the immobilisation capacity and pore network. When these changes 
were dominant, the results suggested that the characteristics based on the Fick dif-
fusion equations may not necessarily reproduce the actual permeation behaviour of 
chloride ions.



35

fib International Conference on Concrete Sustainability, 8–10 September 2021
Durability

Influence on Permeability and Pore Structure of Polyolefin Fiber 
Reinforced Concrete containing Slag

W-T Lin1, A Cheng1, K Korniejenko2 and M Łach2

1Department of Civil Engineering, National Ilan University, Taiwan
2Institute of Materials Engineering, Faculty of Mechanical Engineering, Cracow 
University of Technology, Poland
wtlin@niu.edu.tw

Abstract. Polyolefin fibers are a new commercial synthetic product, allowing high 
volume production of composites without fiber balling. Inclusion of polyolefin fibers 
in concrete was useful to improve the mechanical properties, such as tensile strength, 
impact strength, and abrasion resistance. However, many previous researchers have 
studied either polyolefin fibers or ground-granulated blast-furnace slag (slag) indi-
vidually; few studies have evaluated the combination of polyolefin fibers and slag 
mixed into cement-based composites. This study evaluated the permeability and 
pore-structures of concrete produced with added polyolefin fibers and slag. Material 
variables included the dosage of slag and dosage of polyolefin fiber. Conducted tests 
were included the compressive strength, resistivity, water absorption and performed 
pore-structures. Test results indicate that the specimens containing slag have higher 
compressive strength, lower absorption, lower resistivity and denser porestructures 
than the control and specimen made with fibers. The specimens containing slag 
and polyolefin fiber demonstrated better performances in fiber reinforced concrete. 
Scanning electron microscopy illustrates that the polyolefin fiber acts to arrest the 
propagation of internal cracks but there are cracks and weakness between fiber and 
paste caused harmful ions penetrated easier.
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Reduction of Dissolved Oxygen in Minimizing Corrosion

M G Ventanilla1, J Ongpeng1, T Nishida2, K Kawaai3

1De La Salle University, 2401 Taft Avenue, 0922 Manila, Philippines
2National Institute of Maritime, Port and Aviation, Technology, Japan
3Ehime University, Japan
jason.ongpeng@dlsu.edu.ph

Abstract. Concrete structures are susceptible to corrosion especially when exposed 
to marine environment. In order to minimize the corrosion in reinforced concrete, 
reduction of dissolved Oxygen (DO) in mixing water is recommended. The DO 
is the measurement of the amount of free Oxygen that is dissolved in water which 
is proportional to the corrosion rate of steel bars inside concrete. In this paper, the 
use of industrial waste/by-products, agricultural waste, natural minerals, and green 
inhibitors as additive for cement in reducing the DO level of the mixing water was 
explored. Candidate materials from different types of agricultural waste, industrial 
waste, natural minerals, and green inhibitors. The percentage difference of DO were 
computed for all types of materials as ash or powder or extract in room temperature. 
This is the percentage difference of DO level in distilled water and the solution 
mixed with the candidate material having a mass ratio of 3:2 and/or 3:1. Results 
showed that more than 90% reduction of DO level were achieved when mixed with 
ginger extract, ginger powder, aloe vera extract, ginger pulp, and rice hull ash. Future 
experimental studies using the candidate materials producing reinforced concrete 
specimens with high reduction of DO level in mixing water is recommended.
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Influence of Steel Fibers on the Fatigue Behavior 
of High-Performance Concretes under Cyclic Loading

D Ov1,2 and R Breitenbücher1

1Chair of Building Materials, Institute of Structural Engineering, Ruhr University 
Bochum, Universitätsstraße 150, 44801 Bochum, Germany
David.Ov@ruhr-uni-bochum.de

Abstract. Due to the advancement of high-performance concretes, the develop-
ment of filigree constructions has been improved in the last decades. However, as 
the demand to create more filigree designs increases, the vulnerability to fatigue 
loads of such structures has also become a decisive factor. Various construction pro-
jects, such as wide-span bridges or wind turbines, are exposed to fatigue loads. Es-
pecially wind turbines are permanently subjected to wind and wave loads of several 
hundred million load cycles during their service life. At present, the fatigue behavior 
of high-performance concretes under cyclic loading is still unknown. In a worst-
case scenario, the significantly lower ductility can lead to a sudden failure of the en-
tire structure. In this case, the addition of steel fibers could be advantageous, as they 
significantly improve the ductility of concretes. However, it is still undetermined 
how the material fatigue is influenced by steel fibers. 

Hence, systematic investigations on the fatigue behavior of various high-
strength concretes with steel fibers were conducted. Since the crack-bridging effect 
of fibers is relevant for tensile stresses, predominantly cyclic bending tests were 
performed on concrete beams with different steel fiber variations. To accomplish 
the investigations, a test setup has been developed which allows the simultane-
ous testing of a total of six specimens. Based on the predetermined static concrete 
strengths, the specimens were subjected to cyclic loads with a defined lower stress 
level and various upper stress levels. During these cyclic tests, the cycles-to-failure 
as well as the degradation within the microstructure were detected.
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Research Focused on Low Carbonation of Concrete under Old 
Cement-Based Render

P Paulík1, J Gašpárek1, M Bačuvčík2 and I Janotka2

1Slovak University of Technology - Faculty of civil engineering, Bratislava, Slovakia
2Building, Testing and Research Institute, Bratislava, Slovakia
peter.paulik@stuba.sk

Abstract. In-situ research and laboratory examination provided on concrete 
core samples from old bridge structures showed, that a thin layer of ordinary ce-
ment-based protective render coat could protect the underlying concrete from car-
bonation. Many old bridges were found during the in-situ survey in Slovakia, which 
showed almost no carbonation under an old PRC even after more than 100 years 
in exposure class XC3. It was also observed, that if the PRC locally spalled, the 
carbonation depth of the same concrete, at the same structure and environment, 
could have reached at this place even more than 70 mm. Values from in-situ and 
laboratory research are presented in the article with the possible explanation of this 
phenomena.

mailto:peter.paulik@stuba.sk
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Optimizing the Acid Resistance of Concrete with Granulated 
Blast-Furnace Slag

L-A Kempf1,3, R Breitenbücher1, C Gerten2 and A Ehrenberg2

1 Chair of Building Materials, Institute of Structural Engineering, Ruhr University 
Bochum, Universitätsstraße 150, 44801 Bochum, Germany
2 FEhS - Building Materials Institute, Bliersheimer Straße 62, 47229 Duisburg, Germany
Luca-Alexander.Kempf@rub.de

Abstract. Concrete structures exposed to high levels of chemical attacks are as-
signed to exposure class XA3, which recommends separate concrete protection 
or a special expert solution to ensure durability. Due to the partial substitution of 
Portland cement by blast-furnace slag, an increased resistance to acid attacks could 
be achieved within the framework of a research project. The technical and ecolog-
ical advantages of cements containing granulated blast-furnace slag were exploited 
through chemical, granulometric and concrete technological optimizations. Despite 
extensive parameters, a statistical test design (DoE) was able to limit the experi-
mental effort, thus defining principles for the conception of binder systems with 
increased chemical resistance.

Mortar prisms indicated that the use of (ultrafine) blast-furnace slags (up to 
13,000 cm²/g according to Blaine) with a broad particle size distribution can have 
a positive effect both on the capillary/gel pore ratio and on the calcium hydrox-
ide content in the cement stone. Furthermore, the chemical composition of the 
blast-furnace slag as well as the water-binder ratio are decisive influencing factors 
for the acid-resistance, which was confirmed in accelerated acid resistance tests 
on concretes (pH-stat method). After 13 weeks of storing concrete specimens in 
sulfuric acid (H2SO4, pH 3.5), reduced damage depths and lower weight losses 
were observed compared to conventional binder compositions. The results serve as 
a basis for the development of highly acid-resistant concretes using blast-furnace 
slag-containing binder systems. Currently, the acid resistance of those concretes is 
being investigated in a long-term study by outsourcing representative test speci-
mens into the Emscher sewer.
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Stability of Concrete Containing Blast-Furnace Slag Following 
Exposure to Cyclic Elevated Temperature

A Iravani1, V Feldrappe2, A Ehrenberg2, S Anders1

1Institute of Structural Engineering, Chair of Construction Materials, University 
of Wuppertal, Germany
2FEhS - Building Material Institute, Duisburg, Germany
a.iravani@uni-wuppertal.de

Abstract. Concrete is widely used in constructions such as industrial floors or air-
ducts in steel- and casting industry where it is often exposed to long-term or cyclic 
elevated temperatures. For these applications, thermal stability of concrete is of vital 
importance. The strength reduction due to elevated temperatures depends on the 
temperature level and concrete composition. 

In this study, the effects of blast-furnace slag cement (CEM III/A) and basaltic 
aggregates were investigated at temperatures 250 °C to 700 ºC in comparison to 
conventional Portland cement (CEM I) containing quarzitic aggregates. The con-
cretes were cyclically exposed to high temperatures. Special attention was paid to 
mass loss, residual compressive and residual flexural strength depending on type of 
cement and aggregate as well as the number of thermal cycles. 

Mass loss and strength loss increased with increasing maximum temperature 
level, as expected. It was generally observed that concretes containing CEM III/A 
displayed significantly higher residual mechanical properties for almost all tem-
perature levels. Concretes containing a combination of CEM III/A with basaltic 
aggregates showed significantly higher stability at elevated temperatures compared 
to other concrete mixtures. It is further shown that apart from the maximum tem-
perature the number of thermal cycles is important for the residual mechanical 
properties.
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Mechanical and Durability Performance of Cementitious Matrixes 
with Low Cement and Different Additions

E Soldado1, C Antunes1, H Costa2, R Carmo2 and E Júlio3

1ISEC-Polytechnic Institute of Coimbra, Portugal
2CERIS & ISEC-Polytechnic Institute of Coimbra, Portugal
3CERIS & Instituto Superior Técnico - Universidade de Lisboa, Portugal
eacsoldado@gmail.com

Abstract. Nowadays, the decarbonization of the concrete sector is a priority to 
counteract the global environmental harmful. Knowing that Portland cement is 
responsible for significant anthropogenic emissions worldwide, the optimization of 
cement dosage on concrete mixtures is a key issue, combined with the mechanical 
and durability performances, allowing to improve its eco-efficiency. The goal of the 
present work consists in optimizing the formulation of concrete matrixes, used to 
produce reinforced concrete poles for the electric lines, by increasing the packing 
density, by reducing the cement dosage and incorporating different additions, in 
order to promote the performance. Two different formulations of matrixes were 
considered, fresh moulded concrete with dry consistency and formwork moulded 
concrete with plastic consistency. For each one, different dosages of cement and var-
ious additions (limestone filler, fly ash, natural pozzolan, electric furnace slag) were 
considered to replace the cement, which were used single or combined. The mortar 
matrixes of the concrete formulation were characterised regarding: fresh properties; 
mechanical properties (flexural and compressive strengths and Young’s modulus); 
shrinkage and durability properties (capillary water absorption, carbonation and 
chloride ingression resistances). The influence of the additions on those properties 
was analysed and compared with reference cement-based mixtures and the main 
conclusions are presented.
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Effect of Cracks on the Service Life of RC Structures Exposed 
to Chlorides

N Russo1, M Gastaldi1, L Schiavi2, A Strini2, R Zanoni2 and L Lollini1

1 Politecnico di Milano, Department of Chemistry, Materials and Chemical Engineering 
“Giulio Natta”, Piazza Leonardo da Vinci 32, 20133 Milano, Italy 
2 Consiglio Nazionale delle Ricerche, Istituto per le Tecnologie della Costruzione, Viale 
Lombardia 49, 20098 San Giuliano Milanese, Italy
nicoletta.russo@polimi.it

Abstract. To move towards a more sustainable concrete, the enhancement of its 
durability is strongly encouraged and, dealing in particular with reinforced concrete 
(RC), this mainly means to prevent the damage due to environmental actions, e.g. 
due to chloride-induced corrosion. Therefore, there is the need of models aimed at 
designing durable structures. Usually the service life design models consider con-
crete in uncracked condition. In real structures, however, several phenomena can 
generate cracks on concrete surface, leading to an acceleration of the corrosion of 
steel rebar. A number of studies have been recently carried out in order to evaluate 
the influence of cracks on reinforced concrete durability in chloride-contaminated 
environment, however the knowledge of the effect of cracks on the initiation and 
propagation periods is still lacking. Furthermore, few studies have considered ad-
ditional protection strategies, such as the use of stainless steel rebars. In this work, 
experimental results are presented concerning the influence of cracks on the service 
life of reinforced concrete structures in order to evaluate if cracks lead to an earlier 
corrosion initiation induced by chloride. Prismatic specimens, reinforced with car-
bon steel and 304L stainless steel bars, were longitudinally cracked and exposed to 
ponding with 3.5% NaCl solution. The monitoring of corrosion behaviour showed 
that when cracks reached the steel surface corrosion initiated immediately.
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Sustainability of Concrete Pavements Considering Traffic and 
De-Icing Agents

R Przondziono1,2 and R Breitenbücher1

1Chair of Building Materials, Institute of Structural Engineering, Ruhr University 
Bochum, Universitätsstraße 150, 44801 Bochum, Germany
2Corresponding author e-mail: Robin.Przondziono@ruhr-uni-bochum.de

Abstract. In concrete pavements, special conditions, that increase the likeliness of 
damaging reactions, as for example an alkali-silica reaction (ASR), prevail. Espe-
cially to the superposition of microstructural degradation caused by cyclic loading 
with an external alkali supply can influence the sustainability negatively. Concrete 
pavements are subjected to cyclic loadings by traffic and climate changes. These 
cause microcracks (about 5 µm) within the concrete matrix during service. Addi-
tionally, an ASR in pavements is promoted by externally supplied alkalis (de-icing 
agents). By superposition of both effects the alkali capacity close to the ASR-reac-
tive aggregate aggregate is increased substantially as the externally supplied alkalis 
can easily penetrate through the microcracks. Thus, both effects intensify the ASR 
in concrete pavements.

Within cooperative research projects the different interdependent influencing 
factors for a damaging ASR in concrete pavements are studied by experiments as 
well as by numeric modelling. On the micro-level the ASR-related processes with-
in the aggregate, such as gel-formation or ion-transport, are investigated. On the 
meso-level, the project focuses on the characterization of degradation effects in the 
concrete microstructure due to cyclic loading. Further, special attention is paid to 
the transport behavior of fluids in such pre-damaged concrete structures. A sig-
nificant increase of the penetration depth of alkaline solutions could not only be 
observed at different stages of progressing degradation. It becomes also obvious 
that the ingress of externally supplied alkalis is enhanced by the overrunning traffic. 
Finally, on the macro-level, the risk of an ASR-damage is assessed.
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A New Performance Test to Evaluate the Sulfate Resistance 
of Concrete by Tensile Strength Measurements

V Feldrappe1, J Haufe3, A Ehrenberg1, A Vollpracht2 and T Matschei2

1Building Materials Institute, Bliersheimer Str. 62, 47229 Duisburg, Germany
2Institute of Building Materials Research, RWTH Aachen University, Schinkelstr. 3, 
52062 Aachen, Germany
3ZERTplus Überwachungsgesellschaft mbH, Zum Plom 21, 08541 Plauen, Germany
v.feldrappe@fehs.de

Abstract. Concrete structures without sufficient durability can be damaged by sul-
fates in groundwater and from surrounding rock layers. To evaluate the performance 
of a concrete mixture, precise and performance-oriented test methods are a must. 
Therefore, a new a performance oriented concrete test procedure based on tensile 
strength measurements was developed considering experiences reported in interna-
tional literature and recommendations of state-of-the-art reports. A vast parameter 
study with approx. 3850 tensile tests on ASTM briquets, 1900 flexural tensile tests 
on standard prisms and 2100 elongation tests on mortar flat prisms of different ages 
and with different storage conditions was statistically assessed. Based on the results 
a performance-oriented test method could be defined which considers not only the 
chemical, but also the physical resistance of a concrete against sulfate attack. The 
method was verified by 23 concretes with different cements or cement fly ash com-
binations and additional field tests. It could clearly be demonstrated that the results 
represent the performance of a practical concrete in case of sulfate attack. Further-
more, it leads much faster to an evaluation of the sulfate resistance compared to the 
most other practical oriented methods.
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Fire Spalling Sensitivity of Concrete Made with Recycled Concrete 
Aggregates (RCA) 

B Fernandes1, H Carré1, J C Mindeguia2, C Perlot1 and C La Borderie1

1Université de Pau et des Pays de l’Adour, E2S UPPA, SIAME, Anglet, France
2Université de Bordeaux, Laboratoire l2M, Talence, France
bruno.fernandes@univ-pau.fr

Abstract. The fire spalling of concrete is a complex phenomenon, which can affect 
the integrity of the structures during a fire. This thermal instability is associated 
with a complex coupled chemo-thermo-hydro-mechanical mechanism and it can 
be influenced by many factors, related to material (e.g. permeability, porosity and 
water content), geometry (e.g. shape and size) and environmental parameters (e.g. 
mechanical load and heating rate). Concrete made with recycled concrete aggre-
gates presents higher porosity, higher water content and different interfaces be-
tween aggregates and mortar. All these aspects can lead to a different behaviour 
under fire exposure, including the spalling risk of these sustainable concretes. The 
main objective of this paper is to analyse the influence of the use of recycled con-
crete aggregates on the spalling risk of concrete. In this paper, concrete prisms with 
different replacement rates of recycled coarse aggregates (0 up to 100%) were ex-
posed to a standard fire curve (ISO 834-1) with a constant uniaxial compression 
load. After heating, samples surfaces were evaluated by means of digital photogram-
metry. Results showed that concrete with RCA is sensitive to explosive spalling. 
All replacement rates presented higher degree of spalling than concrete made with 
natural aggregates.
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Concrete Admixtures – Sustainable Concrete

O Schwoon
Sika Services AG, Tueffenwies 16, 8048 Zurich, Switzerland
schwoon.oliver@ch.sika.com

Abstract. Durability of concrete, an important part of the sustainability theme, 
was, is, and will be one of the main topics for large infrastructure projects like the 
Gotthard base tunnel. For such important structures a service life of more than 80 
years is expected. The prevailing underground conditions like water ingress, ag-
gressive waters etc. will influence the choice of the concrete system and mix design. 
Therefore, a focus is on the potential damage mechanisms on the concrete like 
chloride ingress or sulfate attack. A well-designed concrete will be durable con-
crete which can withstand various external attacks and achieves or even extends 
the designed service life of the concrete structure. Based on the knowledge that the 
main damaging mechanisms for concrete are based on water penetration into the 
concrete, various measures can be taken to achieve concrete structures with signif-
icantly reduced permeability. These measure ranges from reduction of the water/
binder-ratio, increasing the density of the concrete using silica fume, to the use of 
special admixtures in order to increase the durability of concrete. In an extensive 
research program, the influence of mix design components e.g. different admixture 
types, water/binder-ratio on hardened concrete properties like chloride resistance 
(chloride migration coefficient), sulfate resistance and water conductivity have been 
tested and analyzed.
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Predicting Leakage of the VERCORS Mock-Up and Concrete 
Containment Buildings – A Digital Twin Approach

L Charpin1, J Haelewyn2, A Cherki El Idrissi2, J Niepceron3, B 
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4EDF R&D PERICLES, Saclay, 7 Boulevard Gaspard Monge, 91120 Palaiseau, France
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Abstract. EDF operates a fleet of 58 nuclear reactors. For 24 of these reactors, the 
concrete containment building is a double wall structure. The inner wall is pre-
stressed reinforced concrete and has no metallic liner.

Every 10 years, the leak-tightness of the inner containment is verified by per-
forming a pressure test. The leakage rate has to remain below a given threshold. As 
time passes, the leakage rate is getting closer to this threshold, so important coating 
programs are underway to keep the leakage rate within the regulatory limits.

Therefore, it is important for EDF to be able to forecast the evolution of leak-
age, which is a function of drying, creep and shrinkage of concrete that induce a loss 
in prestress.

To tackle this issue, EDF has launched an important research program around 
the VERCORS mock-up, which is a containment building mock-up at scale 1/3. 
The mock-up is heavily instrumented, and its materials (concrete, prestressing ca-
bles) have been widely characterized and studied.

An important numerical effort has also been made to implement structural 
computations of the mock-up and to capitalize these computations as well as their 
post-processing (so as to compare automatically with the monitoring data) in what 
can be called a digital twin of the mock-up.

This digital twin is now used to predict the leakage of VERCORS mock-up 
before yearly pressure test, and also to optimize the repair programs on the real 
containments.
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Durability Evaluation of Surface Softened Steel Bar for Prestressed 
Concrete
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Abstract. The effects of Si addition and surface softening on delayed fracture sus-
ceptibility were evaluated in tempered martensitic steels with tensile strength of 
1450 MPa. The delayed fracture susceptibility was reduced when Si content was 
increased from 0.2 mass% to 1.88 mass%. The delayed fracture susceptibility of 
steel containing 1.88 mass% Si was reduced further when the tensile strength of its 
surface was lowered to around 1150MPa. Based on above results, the durability of 
these steel bars was evaluated by exposure test of prestressed concrete poles (CP). 
The bending load of the PC pole was 1.3 times of the design load. As a result of 
dismantling investigation after 10 years exposure test, there were no breakage of the 
steel bars in the PC poles and the soundness was maintained. In this paper, we will 
also introduce some comparison results of exposure tests and acceleration tests with 
aiming to establish the evaluation methods for the long-term durability.
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An Experimental Study of Reinforced Concrete BeamColumn Joint 
with Partially High Strengthened Longitudinal Bar

Y Murata1, K Kitayama2, S Kishida3 and K Murakami4
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Abstract. It is necessary to generate the yield position away from the column face 
to minimize damage to the beam-column joint during a large earthquake in a re-
inforced concrete building. The same efficacy can be realized using partially high 
strengthened rebar. The number of longitudinal bars can be calculated for a bending 
moment smaller than the column face, reducing their number compared to the con-
ventional bar-arrangement method. This paper describes reinforced concrete an in-
terior beam-column subassemblage tests using this rebar as the longitudinal bars of 
beams and a column. The beam yield hinge was formed at a position apart from the 
column face, and the damage to the beam-column joint was less than the conven-
tional bar-arrangement method. Additionally, the good performance was obtained 
if the bending strength of the column was large, even if the shear capacity margin 
of the beam-column joint was small. The column-beam flexural strength ratio and 
shear capacity margin at the beam-column joint need to be set with consideration 
of their relationship.
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Lateral Load Bearing Characteristics of Light Gauge Steel and 
Lightweight Concrete Shear Walls

C Quan1, Q Huang2, D Li3 and Y Chen4
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Abstract. In China, there is a new structural system named light gauge steel and 
lightweight concrete (LSLC) structure, which used lightweight concrete as struc-
tural material in composite way with cold-formed steel. Here, the shear walls are 
the main structural members for the LSLC structure, which are assembled with the 
light gauge steel lattice columns and horizontal braces, and filled with lightweight 
concrete. In this study, the LSLC shear walls are experimentally investigated to 
evaluate their failure mechanism and lateral load bearing capacity. For this purpose, 
several specimens with different shear span ratio are designed and tested under 
static cyclic loading. This paper presents the damage state and hysteresis loops of 
the specimens detailly. Then, the lateral load bearing characteristics of the LSLC 
shear walls are discussed according to the failure mechanism, such as shear and 
flexural failure. Finally, the calculation methods of lateral strength for the LSLC 
shear walls are proposed based on the diagonal strut mechanism and sectional force 
equilibrium.
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Comparative Flexural Performance of Steel Fibre Reinforced 
Self-Compacting Concrete (SCFRC) Ribbed Slab with Different Fibre 
Provision Area
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Abstract. The flexural performance of three SCFRC ribbed slabs with different 
fibre provision area were investigated in this paper; in both ribs and flange (SFWS), 
ribs only with additional welded mesh in flange (SFT) and in ribs only (SFR). 
Short hooked end fibres of 35 mm length of 1% volume fraction was blended with 
the flowable self-compacting concrete (SCC) were used as the material for the 
slabs. Slab samples of 2.8 x 1.2 x 0.2 m were constructed and loaded until failure 
under four-point bending. Investigation was carried out in view of the load bearing 
capacity, deflection, energy absorption capacity as well as the failure modes. The 
influence of the steel fibre provision on the strain distribution was also examined.
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Technical Effectiveness of Cement Based Mortar for HighReflective 
Building Envelope through the Simulation of Building Energy 
Demand: Preliminary Results
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Abstract. The impact of air conditioning during summer is among the largest en-
ergy demands, especially in highly urbanized countries. In areas with high levels of 
solar radiation, decreasing the amount of the incoming solar energy absorbed by 
the building envelope was shown as a promising solution for reducing the need of 
air conditioning and “heat island” effects. Most high-reflective finishing, however, 
suffer from low durability, and lose their effectiveness over time. The COOL-IT 
project is developing an innovative high-reflective cement based mortar for precast 
products to be used as outer layer in buildings for both vertical and horizontal sur-
faces, or for road pavement. The mix design is aimed at increasing the durability of 
this cement-based component, compared to currently used coatings and tiles with 
cooling effects concentrated in thin layers, while retaining a high reflectance to 
solar radiation. The distributed performance of the building component generates 
a sensible and more-lasting effect on the energy demand, which is essential to the 
economic feasibility of this technical solution. This paper presents the preliminary 
results of the project, based on the simulation of the energy demand of a residen-
tial building, intended as a support to optimize the proposed mixes. The model is 
analysed in three different locations in Italy. The total energy demand of the build-
ing model is examined for one year of operation, taking into account the dynamic 
variation of environmental conditions, usage, and building response. This allows 
evaluating the trade-off of the energy demand between the winter increase and the 
summer reduction.
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Prestressed Ultra-High Performance Concrete (UHPC) Beams for 
Reusable Structural Systems: Design and Testing
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Abstract. With the aim to reduce the environmental footprint of buildings, this 
paper presents an original structural system concept for two-way slabs in residen-
tial and office buildings. The proposed system extends the best practice in terms 
of modularity, versatility, demountability, reusability, and durability. A finite set of 
elements can be used to form the main load-bearing system of multiple succes-
sively constructed buildings having different and unpredicted layouts and static 
systems. Ultra-High Performance Concrete (UHPC) was identified as one of the 
most promising materials for this application because of its high strength, extreme 
durability and the opportunities it opens for shape optimization and material con-
sumption reduction. In the first part of this contribution, the main features of the 
new structural system and preliminary design assumptions for UHPC modules are 
briefly outlined. Then, the authors present and discuss the results of an experimen-
tal campaign on prestressed UHPC beams that were tested in bending and shear, 
under service and ultimate load conditions. Beams with transversal openings in 
the web were also tested to assess the influence of these openings on the crack-
ing behavior and shear strength of the beams. Experimental results provide useful 
information for the subsequent modeling of the structural system. Thanks to the 
presence of fibers, transversal openings in the web only have a limited influence on 
the response of the beams, thus allowing horizontal technical shafts to pass through 
the structural thickness of the slab.
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High Thermal Conductivity Concrete for Energy Piles
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Abstract. Research is increasingly focusing on thermal properties of concrete with 
the aim of reducing the heat exchange between buildings and environment. On the 
other hand, concretes with high thermal conductivity could have interesting appli-
cations in the field of thermo-active ground structures. Geothermal Energy Piles 
(GEPs), a kind of thermo-active ground structures, represent an environmentally 
friendly technology that allows to exploit the low-grade heat energy present in the 
shallow earth surface to supply renewable energy for the air conditioning of build-
ings. GEPs are needed for structural and geotechnical reasons and allow recovering 
the installation costs connected to vertical boreholes. Concrete drilled or driven 
piles, that represent the majority of GEPs, are equipped with a Primary Circuit 
(PC) of high-density polyethylene plastic pipes installed into the piles and attached 
to the reinforcement cages. Thermal energy is extracted from or injected into the 
ground thought a carrier fluid that flows into the pipes of the PC. To improve the 
heat exchange between the pile and the surrounding soil the thermal properties of 
the concrete should be considered as design parameters. Concrete thermal conduc-
tivity, contrary to what happens for the super-structure, should be increased to op-
timise the thermal performance of the piles as heat exchangers. Different solutions 
that modify the mix design of concrete are proposed to the aim of increasing the 
thermal performance of GEPs.
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Parapet Structure from Special Shaped TRC Blocks
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Abstract. The paper describes innovative parapet solution based on special shaped 
blocks made form textile-reinforced concrete – TRC. The blocks are designed for 
a placement at the parapet of building with a flat roof. The solution is appropriate 
for buildings with precast-concrete bearing structure by following the principle of 
precast technology (short construction time, minimal technological pauses). How-
ever, presented parapet TRC blocks can be used for energy efficient buildings as 
well in combination with thick layers of thermal insulation. The technical solution 
was registered as utility model no. CZ27642(U1).
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Tensile Behavior of Newly Developed Undercut Anchor in Cracked 
and Uncracked Concrete
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Abstract. The authors have been designing a post-installed anchor that fixes itself 
into concrete material by expanding the anchor tip in an upward direction, and con-
ducted tensile loading tests to confirm its fundamental dynamic characteristics. The 
test results on three types of test specimens, with anchor morphology as a param-
eter, indicate that the final failure modes were all anchor bar fractures, and a stable 
yield strength was confirmed. Additionally, the yield strength characteristics of the 
proposed anchor in cases where cracks are present on the concrete surface, wherein 
the anchors are fixed, were experimentally confirmed.
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Durability of High Belite Cement as New Technical Solution for 
Concrete
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Abstract. The study presents an investigation on the durability performance of 
concretes produced with an industrial scale high belite cement. This binder, thanks 
to the high amount of C-S-H gel and the lower C3S/C2S ratio, is characterized by 
high durability properties. Good resistance to freeze/thaw cycles, very low chlo-
ride migration and excellent resistance to sulfate attack were demonstrated. The 
accelerated carbonation test revealed that the belite cement, due to the high C2S 
phase amount, is able to increase its strength over time when exposed to high CO2 
concentration. Durability and strength results were compared with those of CEM I, 
CEM II, and CEM III. In addition, a comparison of the performance of a self-com-
pacting concrete produced with high belite cement and CEM I (as reference) is also 
presented. The results show that the self-compacting concrete with the high belite 
cement is able to reach sufficient strengths already after 1 day of hydration, with 
a low heat development and improved durability properties, compared to CEM I.
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Innovative Strengthening of RC Columns Using a Layer of a Fibre 
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Abstract. Reinforced concrete structures that are influenced by degradation, over-
loading, the thawing and freezing cycles, abrasive damage and corrosion of rein-
forcement, should be repaired or strengthened. Each of those mentioned situations 
lead to decreasing the load-carrying capacity of the construction. The damage of 
a structure or its member causes exceeding the serviceability limit states and ulti-
mate limit states. For this reason, for further use of the structures, they have to be 
strengthened to increase the load-carrying capacity and to extend the remaining 
lifetime. A new method for strengthening the vertical members, e.g., columns, is 
using the fibre reinforced concrete layer and its increased tensile strength in com-
parison to common RC concrete. This article deals with the theoretical design of 
dimensioning the columns using a layer of fibre concrete around a column (wrap-
ping). In this case, it is necessary to calculate the residual strength of fibre concrete, 
which is a crucial factor for the tensile strength of the element.
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Physical Properties of Portland Cement based Concrete Exposed 
at a Depth of 3520 m in the Nankai Trough
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Abstract. Concrete is widely used in large-scale construction of submarine infra-
structure because of its high strength, durability, and ease of handling. However, 
knowledge of its durability in deep seawater is lacking. In the deep sea, materials are 
exposed to high pressures and low temperatures, which may cause early deteriora-
tion of concrete over time. Concrete materials may also be affected by the chemical 
composition of seawater, which induces the leaching of calcium. In situ exposure 
tests are therefore important for understanding degradation processes in the deep 
sea. In this study, Portland cement based concrete specimens were placed at a depth 
of 3520 m on the northern edge of the Nankai Trough in 2018 and retrieved in 
2019, in the deepest exposure testing conducted to date. Here we provide an outline 
of the tests, describe the physical properties of materials exposed to deep seawater, 
freshwater, and air, and discuss possible concrete degradation mechanisms.
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A Case Study of Sustainability Certification for Steel Reinforcement 
in Concrete

L Brankley1, A Tugrul1, L Camci1 and D Knight1 
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Abstract. The expectations of stakeholders across the construction industry value 
chain have increased significantly because of new legislation, a growing body of 
scientific evidence and a greater understanding of sustainability impacts. Designers 
and specifiers are demanding transparent, reliable data and comparable sustainabil-
ity management and performance information about competing construction ma-
terials. One process which is enabling this is through standard setting and certifi-
cation. Third-party certification bodies have responded with improved certification 
schemes that facilitate the provision of data collection, auditing and reporting. The 
CARES Sustainable Constructional Steel (SCS) scheme, which certifies carbon 
and stainless-steel reinforcement, structural steel and hot rolled flat steel interna-
tionally, is a good example of such a scheme and is the case study for this paper. The 
critical requirements of the accredited scheme have been developed with the inputs 
of a wide range of stakeholders. These include; technical specifications, traceability 
and product quality as well as the sustainability principles of inclusivity, integrity, 
stewardship and transparency. Specification of certified steels for reinforced con-
crete helps reduce detrimental and increase positive sustainability impacts across 
the construction industry value chain. This paper will explore these requirements 
and outcomes.
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Abstract. The challenges for the global construction industry are enormous. As 
more and more people are moving into the cities every year, the demand for building 
construction is inevitably increasing. In the past, urban architecture has been based 
predominantly on conventionally produced prototypes with long, complex and re-
source-intensive construction processes. The objective of this study was therefore 
establishing a new construction system to meet these high demands. The proposed 
system, LifeCycle Tower (LCT) system, was a multi-story, timber based, sustain-
able building approach that had been developed in Dornbirn, Austria from 2008 on, 
to reverse the negative impact of building industry on the environment. The goal 
of the study was to develop a flexible, high performance, prefabricated construction 
system as a new product, which meets all technical and economical requirements 
of modern real estate markets. The research project is based predominantly on a re-
newable resource – wood, with additional emphasis on other resources and energy 
efficiency. The project demonstrates to the building industry that, there are new 
timber technologies and number of processes where a modern system approach to 
construction can be applied. The aim of the LCT system is not only to improve the 
performance of buildings but also develop a process with guaranteed success.
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Abstract. In recent years, it has become essential to consider the total carbon foot-
print of a construction project. Commonly, the question has been: ‘What is the 
best material to be used in this context?’ In this paper we argue that this question 
is incomplete, not taking the complexity of design choices into consideration. This 
paper intends to share light on how to analyse some factors that influence the con-
struction of buildings in order to contribute to climate change mitigation, taking 
this complexity into consideration. Calculation of fossil greenhouse gas (GHG) 
emissions for two load-bearing structures for office buildings in 4, 8 and 16 storeys 
with equal functional requirements; e.g. load bearing capacity, acoustic performance, 
fire resistance and adaptability are addressed. The main materials for the load-bear-
ing structures are cross laminated timber (CLT) elements and precast concrete ele-
ments respectively. The result show that one cannot on a general basis conclude that 
either type of load-bearing structure cause less fossil GHG emissions. It is always 
important to consider the building design, functionality as well as external condi-
tions such as location when considering different load-bearing structure materials.

https://www.google.com/maps/place/Verftsgata+11,+7800+Namsos/@64.4667272,11.4906411,17z/data=!3m1!4b1!4m5!3m4!1s0x4672e62d21575a65:0x9084b78361daab32!8m2!3d64.4667272!4d11.4928298
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Analytical Simulation on Experimental Seismic Response of Headed 
Anchors Embedded in Reinforced Concrete

S Nagata1, T Matsuo1, H Morozumi2, and K Ohtomo1

1Central Institute of Electric Power Industry, Abiko, Abiko-shi, Chiba, Japan
2Kansai Electric Power, Co., Inc., Nakanoshima, Kita-ku, Osaka-shi, Osaka-fu, Japan
n-seiji@criepi.denken.or.jp

Abstract. This paper deal with a series of dynamic response analyses, carried out 
to give numerical correlation of hysteretic behavior of cast-in-place anchorages 
obtained by the static loading and shake table tests. Specimens for the analyses 
are reinforced concrete rectangular blocks with embedded headed anchors. Failure 
modes expected are the steel bolt failure and the concrete cone failure, associat-
ed with the respective embedment depth. Initial flexural cracks presumed seismic 
damage on the concrete block is developed with bending loading. In the analytical 
model, nonlinear hysteretic behavior of the anchorage is idealized by translational 
and rotational springs in which properties estimated from the hysteretic loops of 
the static loading tests. It was shown that the overall force and displacement per-
formance under dynamic loads are well simulated based on the analytical models 
presented herein.
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Abstract. In this paper, we presented the experimental discussion of samples of 
recycled aggregate concrete with replacement of natural fine aggregate by recycled 
fine aggregate. Three mix kinds were produced and, for each of these three kinds, 
two levels of water to blinder ratio were used with 0%, 10% and 20% of FA. The 
result of the tests of drying shrinkage and compressive strength of recycled con-
crete were used for comparison with tests of mercury intrusion porosimetry (MIP), 
in which the cumulative pore volume and different intervals of pore volume were 
studied at ages of 28 and 91 days. Correlation graph of compressive strength and 
cumulative pore volume might be predicted with given W/B, days and FA of the 
concrete or none given and drying shrinkage might be predicted with given FA.
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RC Deck – Stiffened Arch Existing Bridges: Simulated Design and 
Structural Analysis
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Abstract. The 20th century is known as the age that gave birth to the largest re-
inforced concrete structures. Many applications of this new material were realized 
at that time, both from a theoretical and practical point of view: it is the century 
of the first reinforced concrete arch bridges as well. For arch structures, concrete 
is typically preferred to steel, since the presence of compression stresses requires 
cross sections with significant moments of inertia. Generally, in the arch bridges, 
the moment of inertia of arch cross section is very high in comparison with deck 
beam; in this way the arch bears most bending and shearing stresses. The famous 
engineer Robert Maillart reversed this relationship, creating bridges including very 
stiff deck beams on slender and wide vaults, i.e. the so-called “Maillart-Type Arch” 
bridges or “Deck-Stiffened Arch” bridges. The paper deals with the study of such 
bridge typology, particularly widespread in Italy between the 40s and the 60s of 
20th century. Thanks to calculation evolutions, today it is possible to carry out very 
refined structural modelling, while, in order to simplify the calculation effort, very 
simple structural schemes were adopted at that time. For the evaluation of the main 
critical issues related to current performance of “Maillart-Type Arch” bridges, the 
study starts from a “simulated design” of such a bridge typology adopting a reliable 
geometry and following design rules and simplified structural schemes of the time.
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Lower Bound Analysis for Shear Assessment of Full-Scale RC Girders 
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Abstract. Axial tension force exerted as a result of a temperature change or shrink-
age can cause the collapse of RC structural members. Earlier work on this subject 
has revealed that axial tension imposed on a lightly reinforced section led to the 
partial collapse of the Wilkins Air Force Depot in 1955. Design code provisions 
and analytical models such as Modified Compression Field Theory (MCFT) yield 
reasonable estimates of shear strength of RC beams subjected to axial tension. 
Nevertheless, their semi-empirical nature is not necessarily appropriate for shear 
assessment of existing RC structural members. The extra conservativeness and 
empirically determined parameters might require unnecessary maintenance work. 
A generalised model with rigorous formulation must be developed. This paper pre-
sents a purely theoretical model to predict the shear strength of RC beams under 
axial tension based on limit analysis. Without regressive functions and empirical 
functions, lower bound analysis enables shear strength derivation when the force 
equilibrium and strain compatibility are satisfied. Accuracy of the analysis was ver-
ified by comparison of its predictions with three experimental shear strengths of 
full-scale RC girders. An equal level of accuracy was observed between the analyti-
cal solutions and MCFT-based predictions.
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Quantitative Analysis of the Strength Generating C-S-H-Phase 
in Concrete by IR-Spectroscopy
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Abstract. The C-S-H-phase is the most important strength generating phase in 
concrete and other cementitious materials. The analysis of C-S-H is therefore an 
important instrument of innovations in the field of concrete and its durability and 
sustainability. The quantification and insights in C-S-H are hindered by the pre-
dominantly amorphous structure of C-S-H. Only the time consuming and expen-
sive solid state nuclear magnetic resonance spectroscopy (NMR) gives a chance to 
get results, but is restricted to model substances. A new technique, based on the 
cheap and widespread infrared-spectroscopy (IR) was developed. The quantitative 
analysis is based on the silicon content in the different structural units of C-S-H 
and a calibration with natural and synthetic materials with known silicon content 
in these units. The technique allows to investigate specimens from real structures. 
Specimens with quartz or limestone aggregate can be analyzed directly. In other 
cases the aggregates must be separated, for example with heavy liquid separation. 
Tests with different mortars showed a good correspondence of measured and ex-
pected values of C-S-H concentration.
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Abstract. One of the sustainability aspects of the construction is a sufficient du-
rability. In objectively justified cases, the durability is enhanced by reconstruction. 
To ensure economic design of the reconstruction, non-liner approaches are often 
applied. This paper deals with a nonlinear numerical simulation of disassembled 
reinforced concrete (RC) panels strengthened by an ultra-high performance con-
crete (UHPC) layer. Based on the prior experimental programme, simulations of 
four-point bending tests of the original and strengthened panels are created using 
software ATENA Science. Calibration of the material parameters is based on the 
destructive and non-destructive investigations performed in the experimental pro-
gramme. The comparison of the experimental and numerical model loading curves 
indicates that additional mechanical testing will be needed in order to achieve an 
accurate numerical simulation. Although the bending test of the RC panel and 
the crack mouth opening displacement (CMOD) test performed on the applied 
UHPC beam were calibrated, the final model of the UHPC strengthened panel 
does not correspond completely with the experimental measurements. In this paper 
the possible reasons for this result are discussed.
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Abstract. This study aims to compare methods for the determination of concrete 
properties by means of the stress diagrams present in the Brazilian standard ABNT 
NBR 6118: 2014. The area under the stress diagram, the internal reactions, and the 
application point of the resulting reactions for the parabola-rectangle and rectangu-
lar block diagrams are present in order to compare them. Deductions and numerical 
examples were used, and different results were obtained for each formulation. This 
is due to non-consideration of the relationship between stress and strain in the 
simplified rectangular block. The rectangular block is applicable only for cases in 
which the concrete reaches the ultimate strain. These cases are those that concrete 
crushing determines the section failure in compression with steel yielding in ten-
sion (domain 3) or without steel yielding (domain 4). 
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3D Finite Element Simulation of Reinforced Concrete Column 
Strengthened by Partially Confined Carbon Fibre Reinforced Polymer 
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Abstract. In this paper, numerical simulation initiated to investigate the mechanical 
response of reinforced concrete (RC) column strengthened by partially confined 
carbon fiber reinforced polymer (CFRP). An experimental investigation of the cir-
cular hollow unconfined and confined RC column enhances with a partially CFRP 
sheet has been performed to investigate its behavior under concentric loading on 
top of the RC column. From the experimental data, the critical buckling failure of 
the RC column observed. Therefore, the prediction behavior of the RC column 
strengthened with partially confined CFRP under concentric loading was made 
with the application of the general-purpose of ABAQUS finite element simulation. 
From the outcome of the simulation results, the predicted buckling failure com-
pared and validated against the experimental data. The predicted model discovered 
to agrees well with the experimental work output.
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Abstract. This article proposes an alternative method for the structural design of 
reinforced concrete elements strengthened in bending by metallic plates or fiber-re-
inforced polymer (FRP) bonded to the concrete substrate. It is proposed a new 
calculation procedure for the strengthening using thin adhered material bonded to 
the element surface that dispenses the iterative process generally used in the design. 
The proposed routine is validated by comparison with other methods. A practical 
example is also presented, applying the procedure to an element of a building where 
a load change was foreseen. As result, it was verified that the proposed procedure 
provides values similar to the trial-and-error method used in the FRP strengthen-
ing design. Results are also coherent with other methods available in the literature 
for metallic plates. Therefore, since this routine obtains similar values without using 
an iterative method, its applicability in the design becomes advantageous.
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Fundamental Properties and Durability of Slope Protection Spray 
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Abstract. In order to enhance resistance against cracking and durability, short fibers 
such as steel and organic fibers have been conventionally mixed into spray mortar 
used for slope protection. However, in the quest of better fiber-reinforced mortar 
in line with reduced impact on the environment, bamboo may play a vital role. 
This leads to the importance of promoting proper bamboo forest management. In 
this research, fundamental properties of bamboo-fiber-mixed spray mortar were 
examined by laboratory tests. The mechanical properties of spray mortar containing 
bamboo fibers were examined under cyclic wet and dry conditions along with its 
resistance against freezing and thawing by a spray test. It was confirmed that 0.75% 
mixture of bamboo fibers in spray mortar most successfully improved mechanical 
properties and durability. These include adhesion strength to the base surface fol-
lowing exposure to cyclic wet/dry conditions and overall resistance against freezing 
and thawing. In addition, higher compressive strength and adhesion strength to the 
base surface were achieved by further mixing in vinylon fibers or fly ash in combi-
nation with bamboo fibers.
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Abstract. The climate change seems to be inevitable. The climate researchers esti-
mate that we have to anticipate a global temperature rise of at least 1.5 or 2 degrees. 
We need to increase our efforts to both limit the climate change and adapt our 
built environment to the changes; mitigation and adaptation. Since the concrete 
production, especially the cement production, stands for 5-8 percent of the global 
CO2 emissions the concrete sector has an important role in this work. The Swedish 
cement producer Cementa has an ambitious zero vision stating zero CO2 emissions 
in year 2030. The measures include energy efficiency, bio mass instead of fossil fuels, 
blended cements, CO2 uptake through carbonation and Carbon Capture Storage 
(CCS). This paper discusses these measures but also others such as optimization 
of the concrete mix, optimization of the structural geometry and prolonged service 
life. In the end of the paper, there is a section on adaptation since concrete will also 
have an important role concerning protection of the built environment for climate 
change. Examples are protection structures against flood, reconstruction of dams, 
new waste-water systems and bright permeable concrete pavements reflecting sun-
light and improving drainage after heavy rain.
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Abstract. Advanced design and assessment methods applied to new and existing 
structures may considerably affect sustainability in construction. The most impor-
tant aspects consist of the target reliability levels, verification approaches and an-
ticipated construction procedures or interventions. The best target reliability levels 
can be derived from probabilistic optimization considering building costs, expect-
ed economic consequences and social aspects of possible failures. It appears that 
the derived reliability levels are dependent on sustainability aspects and may be 
lower for assessment of existing structures than those commonly accepted in the 
standard design of new structures. The most efficient verification methods include 
advanced probabilistic approaches including risk assessment methods, considering 
actual properties of the structure and applied materials. It is also shown that the sus-
tainability in construction may be significantly influenced by the choice of design 
method and construction materials proposed for new structures or recommended 
for existing structures.
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Abstract. The authors developed two types of block systems consisting only of 
main block and key block without joint mortar in consideration of seismic perfor-
mance and workability. Two types of block systems have different key block shapes: 
One is the peanuts shape and the other is the dumbbell shape. In this study, the 
proposed two types of block walls as well as a typical block wall were experimentally 
investigated to evaluate the seismic performance. In the tests, full-scale, single-story 
specimens were tested under static cyclic in-plane loading, and failure patterns and 
cracks were carefully observed. In this paper, the loading bearing capacity, energy 
dissipation capacity and reuse ratio of block walls are discussed in detail. As a result, 
the deformability, energy absorption capacity and reuse ratio of the proposed block 
systems were considerably higher than those of typical block system.
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Investigation of Failure Mode and Suggestion of Ultimate Strength 
Formulas of Partial Frame Pile Cap Composed of Exterior Column, 
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Abstract. It is necessary to construct a new performance evaluation method con-
sidering post-earthquake functional use after a major earthquake. Currently, there 
is no research and few valid experiments of pile caps. And shear failure mechanism 
of a pile, exterior column and foundation beam and pile caps in RC structure is not 
resolved yet under bi-lateral loading. Therefore, a performance evaluation method 
based on mechanical behaviour for pile caps has not been established. First, an 
experiment was carried out as a frame with varying axial force assuming an actual 
structure, and the failure mode was clarified from the viewpoint of post-earthquake 
functional use. As a result, it was confirmed that the failure type could be clearly 
classified from the strain distribution of the reinforcement in the pile cap at the 
maximum shear stress and two different types of failure properties such as pile 
cap shear failure and column base bending failure. Secondly, the ultimate strength 
formula of the pile cap was proposed based on the previous experimental results. It 
is a theoretical formula based on the truss-arch theory. It was confirmed that this 
formula can accurately evaluate the ultimate strength of the pile cap.
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Abstract. Improvement of the sustainability of concrete materials will be realized 
through the development of analytical tools that facilitate sustainable design and 
evaluation. However, these processes may be dependent on how sustainability is 
conceptualized for concrete. Conceptualization is the means by which sustainabil-
ity is operationalized by creating a structure that connects a qualitative goal to its 
quantitative indicators. As there exists no established definition of sustainability for 
the concrete field, conceptualization is a source of uncertainty in the sustainability 
evaluation of concrete. This paper explores the role conceptualization plays in the 
evaluation of concrete material sustainability by analyzing its effects using multicri-
teria analysis and a sustainability indicator framework to quantify sustainability for 
concrete materials. Six analytical scenarios are explored using frameworks based on 
direct loading, the three pillars of sustainability, and the Sustainable Development 
Goals, together with two aggregation methods. It was found that the most sustain-
able concrete mix varied by scenario, but one concrete mix combining blast furnace 
slag and high grade recycled aggregates could be judged as the most sustainable due 
to its highest mean score and lowest variance across all analytical scenarios, which 
suggests it as the mix least sensitive to methodological choices on conceptualization 
and aggregation. Overall, however, the sustainability scores were highly correlated 
between the different scenarios.
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Abstract. Four-point bending tests were conducted on five medium-sized (i.e., 
2300 mm in length and 215 mm in width) engineered timber (cross-laminated 
timber (CLT) and laminated veneer lumber (LVL)) – concrete (plain concrete 
(PC) and wood chip concrete (WCC)) composite decks. The concrete was glued 
by epoxy and polyurethane (PUR) adhesives to the wood substrate. The observed 
failure modes of the composite decks were concrete crushing or wood failure in 
tension or shear. No failure of the adhesive interface was observed and the decks 
behaved linearly until failure. In the subsequent analysis, the authors quantified the 
shear flexibility of transverse layers (stressed perpendicular to the fiber direction) 
in CLT and LVL boards and its effect on the bending stiffness on the composite 
decks based on γ-method described in Eurocode 5. The analytical predictions of 
the effective bending stiffness were verified via experiments, showing consistently 
good agreement.
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Abstract. For the design of existing structures the concrete compressive strength 
and the derived mechanical parameters are of central importance. Due to safety 
reasons the compressive strength of existing concrete is usually set comparatively 
low and thus underestimated. The reasons for this are the limited numbers and 
the large scatter of material properties of the drill cores, which are the basis for the 
experimental determination of the compressive strength. In contrast to experimen-
tal tests the load in structural components of buildings usually is transferred over 
the area with higher stiffness and consequently with higher compressive strength. 
Therefore, existing strength variations within a component only play a subordinate 
role due to rearrangement effects. This paper deals with the experimental and nu-
merical analysis of such rearrangement effects in order to determine the concrete 
compressive strength of existing structures more realistic and lay a basis for a eco-
nomical design. By considering these rearrangement effects more realistic during 
the design of existing concrete structures, a higher number of existing buildings can 
be maintained without structural measures. The preservation of existing structures 
is not only decisive from an economic, sustainable and resource-saving point of 
view, but also represents an added value for cultural and social aspects.
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Abstract. Ultra-High Performance Fiber Reinforced Concrete (UHPFRC) 
is a material with unique properties in tension and compression and high ener-
gy absorption in the post-cracking region. The superior performance of UHP-
FRC allows the construction of thin elements with high strength and ductility. 
A promising application of UHPFRC is for strengthening of existing Reinforced 
Concrete (RC) structures. In the present study, UHPFRC layers have been applied 
for the strengthening of full-scale RC beams. For the improvement of the UH-
PFRC-to-RC interface connection, dowels have been placed in addition to the 
roughening of surface of the initial beam and the effectiveness of this technique has 
been evaluated. Flexural tests have been conducted and the interface slips have been 
recorded in addition to the load-mid span deflections and the load carrying capac-
ity. The results showed that the dowels resulted in better bonding at the interface 
and delayed the formation of the cracks in the post elastic phase with lower values 
of slips and subsequent higher load carrying capacity. The main conclusion of this 
study is that the addition of dowels at the UHPFRC-to-RC interfaces is a tech-
nique which should be considered when UHPFRC layers are used for the structural 
upgrade of existing RC structures.
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Abstract. As the focus on embodied carbon within the built environment has grown 
in the U.S., local jurisdictional codes have increasingly proposed and implemented 
code language that requires the use of concrete mixtures that have reduced environ-
mental impacts.  This paper provides details about the various ways that localized 
sustainable concrete provisions have been proposed and implemented in the U.S., 
including limits on cement content and Global Warming Potential (GWP).  These 
laws and code revisions vary in their measurement of low-carbon concrete and their 
exemptions and incentives.  While the current version of the ACI Building Code, 
ACI 318-19, does allow for the consideration of sustainability in concrete design, 
specifics about how the relative sustainability of concrete mixtures and systems are 
to be measured and compared are not included.  This paper addresses how the 
changing landscape of local jurisdictional codes is driving the development of future 
ACI 318 provisions to play a part in providing more consistency in the application 
of sustainable design practices in the United States.
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Abstract. The concrete industry accounts for a significant amount of CO2 emis-
sions worldwide. One approach to counter this issue includes material reduction of 
structural components via the use of non-metallic reinforcement, such as carbon, 
glass and basalt fibre reinforced polymers. On the one hand, non-metallic rein-
forcement. However, as its environmental impact has not been sufficiently investi-
gated yet, a Life Cycle Assessment of the production phase is presented within this 
paper. In a first step, the environmental impact of the sole various reinforcement 
components and types is compared to each other per mass, per tensile or rather 
yield strength as well as density unit, at which an environmental disadvantage of 
especially carbon-fibre reinforced polymers is apparent in most cases. In a further 
step, a focus is put on applying the environmental data of carbon-fibre reinforced 
polymers to a pedestrian bridge, which is finally compared to a conventionally re-
inforced concrete bridge and a steel bridge with similar boundary conditions. The 
latter results indicate that an adequate application of carbon-fibre reinforcement 
in structural components has the potential to lead to designs of less environmental 
impact in comparison to conventionally reinforced pendants.
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Abstract. Sustainable construction has become a growing trend among researchers 
and stakeholders that want to promote the sustainable development’s objectives. 
Simultaneously, in recent years, resilience and risk assessments for civil Infrastruc-
tures have flourished in terms of importance among researchers, economic sectors, 
and society. Nevertheless, there is no abundant research that correspond to both 
approaches, despite that there are massive similarities and shared characteristics 
between both investigation branches. Distinctively, this year has demonstrated that 
sustainable development is directly obstructed by different extreme events that 
trigger risks and vulnerabilities in civil Infrastructures, i.e., SARS-CoV-2. These 
extreme events require a deep and complex study to minimize the possible impacts 
they may have in society and economy, two main factors considered in the study 
of sustainability. Therefore, when a risk and resilience assessments are carried out, 
it is already analyzed as a sizable part of sustainability. Consequently, there exists 
a possibility to create a methodology that examines and assesses four categories of 
civil infrastructure sustainability: Technical, environmental, social, and economical. 
The aim of this paper is to demonstrate the need of a comprehensive approach 
between sustainability and risk and resilience assessment, compiling and comparing 
the existing methodologies for assessing the impacts on civil infrastructures, show-
ing that both present resemblances and none can be omitted, being necessary for 
the decision-making.
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Abstract. In the evaluation of concrete sustainability, what constitutes “sustainable” 
to one region may vary from another. This often leads to methodological forms of 
uncertainties that makes the evaluation process more complex. As such, this paper 
aims to quantify the effect of uncertainties in the regional context on the sustain-
ability evaluation of concrete materials. This is carried out by quantifying the re-
gional context through establishing a weighting scheme and then integrating the 
obtained weights into the sustainability analysis of concrete materials in tandem 
with uncertainty analysis. Japan is used as a case study because although it relatively 
appears as a homogeneous country, its prefectures possess unique characteristics 
that may make the sustainability evaluation of concrete materials vary across pre-
fectures. Cluster analysis is carried out in the 47 prefectures of Japan using a set of 
regional context indicators. Five clusters are identified with varying characteristics 
and these are translated into different weighting schemes. The established weights 
are used in the sustainability evaluation of concrete materials using multi-criteria 
decision-making analysis. The results showed that one mix is the most sustainable 
for four of the clusters and a different mix is the most sustainable for the remaining 
cluster. When uncertainty analysis is conducted, the effect of the weights in the 
sustainability evaluation is explained by examining the average scores of the con-
crete mixes and the variance of the scores across the five clusters. This investigation 
facilitated the understanding of how regional differences and the uncertainties as-
sociated with it impact the evaluation of concrete sustainability.
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Abstract. Construction materials contribute to about 75% of the CO2 emission of 
all the construction processes. Concrete is one of the most widely used construction 
materials and is thus primarily responsible for CO2 emission. In particular, 8-9% of 
global greenhouse gas (GHG) emission are produced by concrete. The average CO2 
emission for ordinary Portland cement is 0.86 CO2 kg/kg. However, CO2 emissions 
can be considerably reduced in the construction phase through a careful selection 
of materials with low environmental impact or through specific admixtures. Based 
on these considerations, the CO2 emissions can be reduced by using alternative 
concretes with lower amounts of raw materials. In this study, different concretes are 
taken into consideration, including foamed concrete, lightweight aggregate con-
crete, recycled concrete and ordinary concrete. A series of mix designs of these four 
classes of concrete, characterized by a comparable mechanical strength or a com-
parable density, are taken from the relevant literature and compared to one another 
in terms of CO2 emission. The impact of mineral additions as partial replacement 
of Portland cement is also taken into account in this study. Some guidelines or 
possible research lines aimed at reducing CO2 emission are finally outlined in this 
contribution.
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Abstract. The paper describes an analysis and detailed design of the 470 m long 
D4 motorway bridge in the Slovak capital Bratislava. This bridge is a  part of 
2 932.50 m long D4 motorway crossing of the Danube River and its surround-
ing areas. The 210 m long main span of the post-tensioned three span box girder 
bridge is the longest span which has ever been built in Slovakia. The Ministry of 
Transportation and Construction of the Slovak Republic requirement was to cross 
all future rowing tracks by a single span. The depth of the cross section varies from 
4.39 m at span to 13.09 m at piers. 35 m wide cross section carries 4-lane carriage-
way, median, sidewalk and cycling path. The central part of carriageway is built by 
the balanced cantilever method. The overhangs carrying outer lanes are built by 
wing traveller machine and supported by the precast struts. The bridge is currently 
under construction as a part of PPP project of Bratislava ring road (the motorway 
D4 Bratislava, Jarovce – Bratislava, Ivanka north section).
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Abstract. Some of the biggest names in manufacturing and the construction indus-
try have seen their supply chains thrown into turmoil after product scandals, struc-
tural failures and collapses. The cost of these incidents may well end up far greater 
than the loss of market for the manufacturers. It could also take years to repair their 
reputation and customer trust. Specifiers, manufacturers, traders and customers in-
creasingly demand certainty in the quality management of steel products entering 
the supply chain. The steel supply chain is extremely complex. The weak traceability 
systems and pressure on the supply chain to reduce cost have created the environ-
ment where risks increase. This unique and comprehensive model describes the 
technical and assessment requirements for the conformity of constructional steel 
products. It covers all stages in the supply chain from the processing of raw materi-
als, the manufacture of constructional steel products, including their sustainability 
characteristics, through to the product installation and delivery to the customer. 
This includes essential elements of the quality management system combined with 
additional requirements on process control and product testing as agreed by all 
relevant sectors of industry.
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Abstract. Currently there is not a direct procedure for the design for this system 
of bridges, according to methods approved by the respective authorities, the pro-
cedure is still based on trial and error, there are no studies that give us both the 
optimal number of girders or the other characteristics of this type of structures like 
the right thickness of slab or proper resistance, Taking into account the concept of 
optimization, which supports the idea of sustainability and more environmentally 
friendly designs, the idea of applying this concept to the design of bridges based on 
pre-stressed concrete beams, which are an integral part of the road network of most 
countries around the world. Knowing also that concrete is the most produced mate-
rial by man and that without it would be difficult to understand our current world, 
due to its own characteristics that make it unique if it is a matter of sustainability, 
however, its production requires energy and consumption of materials, that is why 
an optimal design of a superstructure will lead to the minimum consumption of 
materials while obtaining a design more friendly to nature. It is a global necessity to 
obtain and deliver concrete structures that meet sustainability conditions.
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Abstract. Fabric-Reinforced Cementitious Matrix (FRCM) systems for strength-
ening concrete structures are an alternative to traditional techniques. The FRCM 
system is a composite material consisting of two or more layers of cement-based 
matrix reinforced with dry fibres in the form of open mesh or fabric. When adhered 
to concrete structural members the FRCM system acts as supplemental external 
reinforcement. Many existing Reinforced Concrete (RC) members exhibit degra-
dation due to the carbonation of concrete and/or corrosion of internal reinforcing 
steel bars. These RC members can be strengthened using stainless steel, in strip for-
mat (unidirectional fibres), embedded in a cementitious based matrix. The system, 
named Stainless Steel-FRCM, can be applied according to the Externally Bonded 
(EB) technique. In order to reduce times and costs of intervention, number of used 
materials, as well as the amount of chemical compounds, a novel Inhibiting-Repair-
ing-Strengthening (IRS) technique is proposed and experimentally tested. Using 
a  suitable matrix (thixotropic mortar with passivation properties) the main three 
operations of steel bars corrosion inhibition/protection, restoring of deteriorated 
concrete, and installation of the external strengthening can be carried out in one-
step. For evaluating the effectiveness of both new strengthening system and instal-
lation technique an extensive experimental investigation was planned and devel-
oped. A part of the experimental research includes two groups of three RC beams 
(3.00 m and 4.80 m long): one strengthened with IRS technique, one strengthened 
with EB technique and one control beam. These beams were tested under mono-
tonic loading. Further two beams, one beam for each group, strengthened according 
to IRS technique, were also tested under cyclic loading. The experimental results 
show the validity of the proposed solution in terms of structural performance and 
environmental sustainability.
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Abstract. Circular hollow reinforced concrete column will experience deteriora-
tion due to many causes such as natural disaster, corrosion, low quality and others. 
Therefore, structural strengthening is required since replacing the deteriorated col-
umn is costly. Carbon fibre reinforced polymer (CFRP) confinement is one of the 
common method used for column strengthening. However, being a non-biodegrad-
able material, the usage of CFRP will contribute to environmental issues. Therefore, 
this study investigates the effect of using partial CFRP confinement in a strength-
ened circular hollow reinforced concrete column. Six specimens of 2 m height with 
250 mm and 110 mm for outer and inner diameter were tested. The effectiveness of 
partial CFRP confinement is analyzed by investigating the tested specimens’ axial 
and transverse displacement and strain behaviour. This study has shown that with 
CFRP partial confinement the strength is increased up to 44% from the unconfined 
circular hollow reinforced concrete column. The results of the study showed that, 
circular hollow reinforced concrete column with CFRP partial confinement able to 
enhanced the column load carrying capacity.
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Abstract. Buildings consume over half of annual energy supply as embodied and 
operating energy in their construction and operation releasing harmful emissions 
to the atmosphere. Over 90% of the embodied energy is attributed to construction 
materials used in building structure, envelope, and interiors that must be reduced 
to minimize material use. Concrete is one of the major materials that contributes 
significantly to the energy and carbon footprint of buildings, as it is responsible for 
5-9% of global carbon emission. Because most of the concrete use in the building 
sector occurs in building structures, assessing how building design parameters in-
fluence its environmental sustainability is important. One of the design parameters 
that impact the sustainability of buildings is the aspect ratio, which is defined as the 
ratio of horizontal to vertical surface area of a building. A building with the same 
floor area can be designed horizontally or vertically with different aspect ratios, 
which will influence its structural design and eventually the amount of concrete 
used in the building. In this paper, we examine how aspect ratio may affect the 
environmental sustainability of a building’s foundation, structural framing, and slab. 
We model the structure of a generic building with different aspect ratio to analyze if 
aspect ratio can help reduce the energy and carbon embodied in reinforced concrete 
structures.
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Abstract. Biomass fly ash has been studied has a partial cement material, since this 
material has a positive effect on concrete quality and durability. Even though, some 
mixes with BFA presents a positive benefit, it is also important that those mixes 
are economically competitive and present a good environmental performance, to be 
considered a more sustainable material than plain cement concrete. Therefore, it is 
important to analyse and compare the potential environmental impacts related to 
the production of plain cement concrete and the impacts resulting from the pro-
duction of a concrete that uses BFA as raw material substitution. One of the best 
approaches to develop this type of study is to use the life cycle assessment (LCA) 
method. This method quantifies both the input flows, such as energy, water and 
materials, as well as the output flows, such as CO2 emission, solid wastes and liquid 
wastes. Based both on the abovementioned context and methodological approach, 
a quantification and comparison of potential environmental impacts resulting from 
the production of 1 m3 of concrete was made, using different types of binder and 
quantities of cement substitution.
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Abstract. A very common question among engineers and architects is to work for 
renovating an existing construction or building a new structure. In countries like 
Italy, where a huge post-war un-listed building heritage does not satisfy the current 
standards and the economic resources are limited, the answer is not trivial. Indeed, 
several parameters come into play, such the extent of the construction work, the 
environmental cost of disposing old materials, the carbon footprint and volume 
of new materials, the distance of the construction site from the producers, etc. For 
this reason, this paper is devoted to the analysis of two projects. The first consists 
of a renovation (structural retrofitting, energy efficiency, etc.) of a multi-storey ex-
isting school built in 1960s having total area of about 9900 m2. The second is a new 
construction of a three-story school having a total area of about 14000 m2 and made 
with timber. The results show that the existing school building, although having 
a lower embodied carbon related to materials, has a higher overall carbon footprint 
due to the CO2 emissions related to operational energy.
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Abstract. There have been numerous researches focusing on the alternatives to 
conventional concrete regarding environmental benefits and trade-offs. For this 
purpose, nowadays, the Life Cycle Assessment (LCA) is widely used. Until now, 
LCA results of conventional and green concretes have shown some limitations, 
and this paper focuses on addressing them. Firstly, the researches have been mostly 
based on a small number of concretes, which can limit the possibility to quantify the 
range of emissions for different set of assumptions. The second one is regarding the 
appropriate selection of functional unit where a divergence between different re-
searches is visible. Moreover, it has been recognised that the criteria involved in the 
investigation of transportation might lead to the variation of results. Also, inventory 
allocation has to be assessed in detail to reach adequate distribution of the environ-
mental impact of the concrete during its life cycle phases. Finally, CO2 uptake of 
the concretes throughout the life cycle should be considered and applied adequate-
ly to have representative results of overall CO2 emissions. It is expected that the 
differences will depend on construction practices among the countries where the 
researches are executed. Also, the results will surely vary between different system 
definitions when LCA is applied.
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Abstract. Carbonation of concretes is a natural physico-chemical process that can 
be described as a reaction between the carbon dioxide contained in the air and the 
cement matrix. Carbonation concerns all concretes types in contact with the ambi-
ent air but also concretes in ground, from production stage to use and end-of-life 
stages. The amount of carbon dioxide bound varies according to the type of binder, 
the compacity of concrete and the environmental conditions during the use and 
the end-of-life stages. To consider the re-carbonation of concrete, works have been 
carried out within the framework of the European standardization group CEN/
TC229/WG5 and in CEN/TC104. A methodology to consider the re-carbonation 
of concrete structures has been proposed in the NF EN 16757 standard on envi-
ronmental product declarations for concrete and concrete elements. In addition, 
FD CEN/TR 17310 provides detailed recommendations regarding carbonation 
and absorption of carbon dioxide in concrete and give some precisions for appli-
cation of NF EN 16757. This is an important topic towards a sustainable devel-
opment in the current context of circular economy and CO2 uptake related to the 
French energy labelling (E+C-). In this paper, numerical and analytical carbonation 
models are used to estimate the CO2 binding ability of concrete structures. The 
obtained results are compared to the methodology proposed in Appendix BB of NF 
EN 16757 standard. They confirm that the methodology described in the NF EN 
16757 standard leads to estimated degree of carbonation of the same order of mag-
nitude. The advantage of using more advanced models lies in a better consideration 
of environmental parameters, the possibility to simulate the behaviour of crushed 
concrete, its reuse in new concrete as recycled aggregate and the possibility to simu-
late the carbonation of concretes in ground. This is an immediate perspective in the 
ongoing work in the French national project FastCarb on accelerated carbonation 
of recycled concrete aggregates.
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Abstract. The carbon embodied in buildings is an important proportion of our 
emissions and needs to be radically reduced in order to support climate change mit-
igation. The highest proportion of embodied carbon is usually emitted during the 
product stage, and within the structural elements. Therefore, reducing the carbon 
embodied in the structural materials is likely to have a major impact. In most build-
ings, the majority of embodied carbon comes from steel and concrete. But although 
there are now hundreds of registered Environmental Product Declarations (EPD) 
for cements and concretes, there has been very limited independent published in-
formation comparing the embodied carbon of different concrete mixes and raw 
materials. This lack of comparative data limits the potential to make appropriate 
decisions at early design stages leading to low carbon buildings.

The authors have recently conducted a review of verified EPD for concrete 
mixes and for concrete’s key constituents, including cement, identifying the range of 
carbon coefficients. This paper provides guidance on making use of the coefficient 
ranges provided in that research: to support the verification of EPD for concrete 
and its raw materials; in material selection; in assessing building level embodied 
carbon; in benchmarking; and in the setting of reduction targets.
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Abstract. The American Concrete Institute (ACI) has long recognized the growing 
importance of accounting for environmental sustainability in the design of con-
crete structures.  As the next version of the ACI 318 Building Code is being de-
veloped (ACI 318-25), a new sustainability subcommittee, Subcommittee N, has 
been formed and tasked with expanding the provisions related to sustainability in 
the code.  This paper reviews the current provisions in the ACI 318 Code that 
are related to sustainability and explores the possible future expansion of code and 
commentary language to provide better guidance on sustainable design.

Areas of focus for expansion of code language, including definitions of sus-
tainability metrics, as well as the defined baseline for comparison, are discussed.  
While sustainable design is increasingly being specified in concrete projects, the 
sustainable properties of concrete are often interrelated with other aspects of de-
sign, including resiliency and intended lifespan.  Approaches to acknowledging the 
impacts of life cycle considerations on the sustainability of concrete construction 
are also explored.  Finally, the anticipated timeline for the development of ACI 318 
sustainability provisions is described, as well as potential interactions with other 
code writing organizing that are currently developing sustainability provisions.



111

fib International Conference on Concrete Sustainability, 8–10 September 2021
Life Cycle Design

Life Cycle Assessment of Carbon Concrete Composites: A Circular 
Economy Path beyond Climate Mitigation?

C Scope1, E Guenther2, T Mielecke3, J Schuetz3, E Muendecke4, 
K Schultze4

1Technische Universitaet Dresden, Germany
2United Nations University, Institute for Integrated Management of Material Fluxes and 
of Resources (UNU-FLORES), Dresden, Germany
3Life Cycle Engineering Experts GmbH, Darmstadt, Germany
4Ingenieurbuero Grassl GmbH, Berlin, Germany
christoph.scope@tu-dresden.de

Abstract. Sustainable construction and materials play an ever important role for 
staying within our planetary boundaries. In support, innovative carbon concrete 
composites (CCC) promise significant raw material savings by integral design. The 
market barrier for a new building material, however, is not only its economic viabili-
ty but the base scenario for its environmental footprint. Our article aims to illustrate 
current environmental hospots and a feasible recycling scenario of carbon concrete 
composites that meets circularity requirements. We modelled a cradle-to-grave life 
cycle assessment for two potential building structural applications (sandwich wall 
system, ceiling reinforcement) made of CCC. The benchmarking material was steel 
reinforced concrete. We based our chosen recycling scenario on previously conduct-
ed large-scale experiments for CCC. For the entire life cycle, results show a relative 
larger energy intensity and abiotic depletion of fossil fuels for variants of CCC 
but lower global warming. Yet, recycling is, second to embodied emissions of basic 
materials the driving force of total environmental impacts. The presented recycling 
path of demolition, pyrolysis for carbon fabric, reuse in carbon fiber fleece offers 
less “green credentials” than steel. For engineers and built managers, results signal 
current hotspots to consider suitable iterative redesign strategies with respect to 
eco-design.
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Abstract. The purpose of this paper is to highlight the role of life cycle costing 
(LCC) in the preparation phase of construction projects. Life cycle costing is 
a method of economic analysis directed at all costs related to constructing, operat-
ing, and maintaining a construction project over a defined period of time. The paper 
describes the innovative methodology for the evaluation of the life cycle of build-
ings, which will be used in construction projects of Skanska, or other construction 
companies, in selecting the optimal solution from the point of view of construction 
engineering and LCC. The aim is to help LCC to be perceived by construction 
practice as a topic that needs to be addressed at the beginning of each construction 
project. The quantification of life cycle costs based on relevant input data on the 
technical parameters of the construction, structural elements and equipment, the 
time period of incurring the related costs should be an important basis for the de-
cision of the investor, designer and future user of the building also with regard to 
environmental and social aspects, and in particular the long-term economic conse-
quences. The innovation focuses on buildings that are and will be owned by private 
companies (especially construction companies, investors and developers).
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Abstract. Up to 500 litres of water may be consumed at the batching plant per cubic 
meter of ready mix concrete, if water for washing mixing trucks and equipment is 
included. Demand for concrete is growing almost everywhere, regardless of local 
availability of freshwater. The use of freshwater for concrete production exacerbates 
stress on natural water resources. In water-stressed coastal countries such as Israel, 
desalinated seawater (DSW) is often used in the production of concrete. However, 
the environmental impacts of this practice have not yet been assessed. In this study 
the effect of using DSW on the water and carbon footprints of concrete was in-
vestigated using life cycle assessment. Water footprint results highlight the benefits 
of using DSW rather than freshwater to produce concrete in Israel. In contrast, 
because desalination is an energy intensive process, using DSW increases the green-
house gas intensity of concrete. Nevertheless, this increase (0.27 kg CO2e/m3 con-
crete) is small, if compared to the life cycle greenhouse gas emissions of concrete. 
Our results show that using untreated seawater in the mix (transported by truck 
from the coast) in place of DSW, would be beneficial in terms of water and carbon 
footprints if the batching plant were located less than 13 km from the withdrawal 
point. However, use of untreated seawater increases steel reinforcement corrosion, 
resulting in loss of structural integrity of the reinforced concrete composite. Sus-
tainability of replacing steel with non-corrosive materials should be explored as 
a way to reduce both water and carbon footprints of concrete.
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Abstract. In the last decades, traffic on railways and roads has increased significant-
ly in Central Europe. On the other hand, the existing infrastructure mainly origins 
from the late 1950s to the 1970s. This applies also for the existing bridge and tunnel 
infrastructure which is now up to 60 years old. Due to this age and new standards 
in the current codes, quite often the amount of shear reinforcement does not fulfil 
the current design code rules. As a replacement of existing structures is often highly 
unsustainable, methods to improve the shear strength are needed.

Therefore, a new system for post-installed shear reinforcement by the use of 
concrete screws was developed at the University of Innsbruck in the last years. The 
idea is to use concrete screw anchors – already known as anchoring element – as 
post-installed reinforcement. In over 60 shear tests with girders and slabs the ex-
cellent applicability of concrete screw anchors as post-installed shear reinforcement 
has been proven. Also shear tests with cyclic loading were performed prove the 
use for dynamically loaded structures, such as bridges. Based on these test results 
a design approach was determined to meet the Eurocode-2 assessment standards.

Several pilot-projects with concrete screws have been realised in Austria and 
Germany. For example a rail-road-bridge over a German highway with a remaining 
service life of zero years was strengthened to a new service life of over 20 years. 
Also a city-centre tunnel in Munich which was erected below a historic building 
is currently strengthened under ongoing traffic in the tunnel using concrete screw 
anchors as post-installed reinforcement.
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Abstract. A concrete structure has to be adequately planned, designed, executed 
and maintained to keep its sustainability over corresponding requirements through-
out the life cycle. However, structures suffering from serious deterioration in struc-
tural members and sometimes subsequent loss in sustainability have been often 
found due to various reasons. One of the reasons is lack of total management for the 
structure. To meet these facts, it is extremely important to pursue coordination of 
engineering work in the stages of design, execution and maintenance. The life cycle 
management is an organized system to support engineering-based decision making 
for ensuring sufficient sustainability of a structure at the design, execution, mainte-
nance, and all related work during its life cycle. The life cycle management is imple-
mented according to the life cycle management scenario in which balance of several 
sustainability indicators should be considered with ensuring overall sustainability. 
The sustainability indicators will be determined from the social, environmental and 
economic points of view. The scenario should be regularly reviewed based on the 
PDCA cycle and be updated if necessary. This paper deals with the concept and 
framework of the life cycle management of concrete structures to ensure sustaina-
bility during the life cycle of the structure.
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Abstract. Infrastructure healthy enhancement for saving resources in operation 
procedures is one of the most important objectives for owners on their decision 
support system based on cost management. In this manner, finding the intervention 
action priority, as well as the inspection method and maintenance system for each 
component, with regard to a limited resources amount is investigated in this paper. 
Defects on infrastructure components create data and these data are undoubtedly 
useful to increase the knowledge in decision making in practice. In that sense, risk 
analysis and value of information can be applied using decision trees together with 
Bayesian networks. For data filtering and noise reduction, a principal component 
analysis may also be applied to manage a database and prepare useful input variables 
for the decision tree system.

This paper presented an approach for the maintenance managers to prepare 
their infrastructure available with a sustainable index with minimum cost. This in-
dex would be a tool for decision-makers with regard to the cost management and 
sustainability aspects.
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Abstract. Even though the market and development for concrete screws has been 
increasingly rising in recent years, the load transfer mechanism of concrete screws 
has not yet been fully investigated. Therefore, different tests of concrete screws 
made of galvanized and stainless steel were performed in concrete C20/25 and 
C50/60. The main aim is to measure the strain along the embedment depth. This 
will be achieved by using strain gauges that get placed in a centrically drilled bore-
hole through the concrete screw. To get a comparison to the mechanism of the 
screws the same process will be executed in threaded rods used as a part of bonded 
anchors. Due to the fact that the threaded cuts of concrete screws have geometrical 
similarities to bonded anchors, it was examined if the load transfer of both fasten-
ers is related and may be compared. The results of the testing have shown that the 
load transfer mechanism of both fastener types is similar in low-strength concrete 
showing a concrete cone failure. In high strength concrete due to the mainly occur-
ring steel failure the maximum measured strains at the maximum load step are not 
comparable. However, at lower load steps where the steel does not exceed the yield 
strength the results show a similar load transfer mechanism, too.

mailto:oliver.zeman@boku.ac.at
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Abstract. Textile reinforced concrete was developed in recent years into a con-
struction technique that has its benefits and advantages in applications where 
conventional types of reinforcement have their limits. The current, minimum slab 
thickness for steel-reinforced concrete façade slabs is 7.0 cm; this is due to the 
minimum, required concrete cover to ensure adequate corrosion protection. Façade 
slab anchors for these slab thicknesses are building authority approved. As corrosion 
protection is not an issue for textile reinforced concrete, the minimum thickness for 
the concrete cover can be significantly reduced. The requirement for component 
thickness is now determined by the load-bearing capacity and by production-relat-
ed boundary conditions. For practical building reasons, panel thicknesses of 3.0 cm 
have proven to be the best choice. Compared to steel-reinforced façade panels, this 
is a weight and thickness reduction of almost 60%. Thin concrete elements are of 
great interest in cases when the thickness or the weight of the panels is largely lim-
ited e.g. because of adjoining concrete elements in renovation or upgrade projects, 
retrofitting or improvements. Compared to other building materials, concrete has 
characteristic advantages in building physics and fire protection properties, irre-
spective of the thickness. Obviously, minimal thicknesses place extra demands on 
planning and construction. Especially effects on concrete, punching, splitting and 
concrete breakout must be examined in experiments. This is an overview of cal-
culation and test methods. Results are provided to show the bearing behaviour of 
fixings in thin, textile reinforced concrete slabs. The design rules are explained and 
the results are illustrated.
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Abstract. During the last decades, fiber reinforced polymer (FRP) reinforcing bars 
for concrete structure has been extensively investigated and a number of FRP bars 
became commercially available. However, major shortcomings of the existing FRP 
bars are its low elastic modulus and high initial cost compared to conventional 
steel bars. The possibility to obtain a hybrid composite reinforcement (HCR) with 
increased performance based on glass and carbon fibers (GCFRP) is considered. 
The optimal content of carbon fibers in the amount of 6.3-6.5% of the mass of the 
HCR was established. Further increase in the carbon fiber content gives a slight 
improvement in physical and technical characteristics, which is not comparable to 
the increase in the cost of the material. The manufacturing technology of HCR has 
been developed. The effect of hybridization on tensile properties of FRP bars were 
obtained by comparing the results of tensile test with those of non-hybrid GFRP 
bars. Operation regularities of HCR in the bent concrete beams are established. 
HCR can increase the stiffness of concrete beams by 15% and crack resistance by 
12% in comparison with glass composite reinforcement. Dependences for predict-
ing the HCR elasticity modulus are established. Physical and technical characteris-
tics of HCR, including adhesion to concrete and resistance to the alkaline medium, 
were established. High durability of HCR for more than 50 years is experimentally 
shown. Experimental-industrial concrete piles, reinforced with GCFRP bars were 
produced and tested. For further development, new types of HCR, as well as a study 
of prestressed concrete structures are recommended.
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Abstract. The interest for natural fibers to be used as reinforcement in composites 
in alternative to other fibers is continuously growing. In this paper the use of hemp 
for reinforcing lime mortar used as plaster is considered examining the structural 
characteristics of the composite material. Natural fibers have several advantages 
especially in terms of low environmental impact. However, the experimental results 
are still lack especially to assess their durability, therefore an experimental program 
was developed at LAboratory of MAterials and Structures (LAMAS) at University 
of Sannio (Italy) aimed at investigating the mechanical properties (compression 
strength, tensile strength, flexural strength, Young modulus) of lime mortar rein-
forced by hemp fibers and subjected to various environmental exposures and aging 
processes. Specifically, specimens were cured considering different humidity and 
marine conditions.
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Abstract. Due to growing environmental and economic concerns associated with 
conventional building materials, research interest gravitates towards the develop-
ment of novel environmentally friendly materials as alternatives to conventional 
Portland cement concrete. Geopolymer concrete is a class of novel advanced and 
sustainable structural materials that hold promise for the future of infrastructure. 
Its synthesis comprises industrial by-products (fly ash and slag among others) in the 
role of binder and thus reduces the demand in Portland cement leading to a signif-
icant carbon footprint reduction. In the present study a High-Performance Fiber 
Reinforced Geopolymer Concrete (HPFRGC) is synthesized from first principles 
and is subsequently characterized, with particular emphasis on its microstructural 
and mineralogical properties. The study explores the linkage between the micro-
structure and mineralogy of the precursors, and the properties of the final product. 
Both fresh and hardened HPFRGC are studied. Experimental results illustrate the 
correlation between microstructure, mineralogy and final mechanical properties 
can be used as an indicator of suitability of industrial by-products for geopolymer 
precursors. The effect of these choices on stability and physical properties of the 
material is also explored in the study.
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Abstract. Precast concrete sandwich panels are used to fulfil the rising thermal re-
quirements. The sandwich walls consist of three layers, a facing, a thermal insulation 
layer, and a loadbearing layer. The two outer layers are coupled by connectors made 
of glass-fibre reinforced polymer. Current building approvals permit the removal 
of short-term and long-term tensile loads. A lack of knowledge about load-bear-
ing behaviour prevents the removal of sustained compressive loads. In the context 
of this article, tests under sustained compressive load are presented. To represent 
closely the in service-conditions of sandwich walls, the examined connectors were 
subjected to a saturated alkaline concrete environment as well as to a specified stress 
level till failure occurs. Thus, the experimental setup combines alkaline resistance 
and creep rupture tests into one comprehensive testing. By using temperature ef-
fects as an accelerating factor, reasonable test durations were enabled. The obtained 
time to failure line was determined to extrapolate the characteristic values of the 
long-term strength for a service life up to 50 years. The test results are compared 
and evaluated with existing test results under a sustained tensile load.
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Abstract. The goal of this research was to study the strength of the interfacial 
bond between cast-in-situ concrete and engineered timber (cross-laminated timber 
(CLT)). Double lap specimens were manufactured using fresh concrete that was 
cast between two CLT blocks. Polyurethane and epoxy adhesives were used to bond 
the wet concrete with the CLT blocks. The shear strength of wet-bond specimens 
was compared with the specimens prepared under dry conditions (prefabricated 
concrete cube glued to CLT blocks). The statistical analysis (T-test) of bond stren-
gth showed that the shear strengths of wet- and dry-bond specimens using epoxy 
and polyutrthane adhesives were no significantly different for the tested C25 plain 
concrete and the CLT. The failure mode of dry-bond specimens were concrete fai-
lure near the interface, however, debonding at interface was the dominant failure for 
the wet-bond specimens.
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Abstract. Currently, fly ash, a by-product discharged from Japanese power plants, 
has been studied in various ways as a concrete admixture, and its usefulness has also 
been recognized. However, the discharged fly ash contains a lot of unburned carbon, 
and it is difficult to use it for concrete. The authors therefore expanded the use of 
low-quality fly ash as an admixture for concrete. Removal of unburned carbon by 
flotation method is discharged in a slurry state because the fly ash is immersed in 
water. In order to put the modified fly ash slurry into practical use as a concrete ad-
mixture, it is necessary to grasp the influence on the concrete by dipping the fly ash 
in water. Therefore, in this study, fly ash from three different sources was stirred and 
stored for 1-28 days, we examined about various characteristics of concrete using 
fly ash slurry as essential for the properties of unburned carbon removing device 
as admixture were verified. It was found that the relation between the range of the 
pore diameter 0.05µm~0.5µm and the compressive strength is high irrespective of 
the state and formulation of the fly ash.
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Abstract. Mineral geopolymer binders can be an attractive and sustainable alter-
native to traditional Portland cement materials for special applications. Besides the 
precursor, which is a source of silicon and aluminium oxides, the second component 
in the geopolymer binder technology is an alkaline solution. The solution most 
commonly used in the process of geopolymer binders synthesis is a mixture of so-
dium or potassium silicate solutions with sodium or potassium hydroxide. It is also 
possible to use only a silicate solution with a low molar ratio, which is more conven-
ient and much safer in use. The paper presents the results of an investigation of how 
using allow sodium or potassium silicate molar ratio solution affects the physical 
and mechanical properties of fly ash (FA)- and ground granulated blast furnace 
slag (GGBFS)-based geopolymer mortars made with this solution. The type of sil-
icate solution appears to have an essential influence on the physical and mechanical 
properties. The study enabled comparison of properties of FA-based geopolymer 
mortars with GGBFS and with different alkaline solutions. MIP and SEM obser-
vation allowed comparing the structure of materials with a sodium or potassium 
silicate solution. Evolution of compressive and flexural tensile strength determined 
for composites with 10, 30, and 50% of GGBFS contents were analysed. The me-
chanical parameters were determined after 3, 7, 14 and 28 days.
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Abstract. To satisfy the increasing demand of energy efficient buildings, AAC 
manufacturers are nowadays encouraged to produce blocks with ever lower densi-
ties. However, a compromise between energy-saving requirements and mechanical 
performances is needed to ensure structural safety, as well as an adequate structural 
durability. This paper reports a comprehensive experimental study on AAC me-
chanical properties (compressive and tensile strengths, as well as fracture energy), 
and on their dependency from material density and moisture content. The collected 
data are compared with some well-known analytical relations taken from the liter-
ature, which are often used for the calibration of mechanical parameters required 
for mathematical and/or finite element modelling of AAC load-bearing masonry, 
as well as of AAC masonry-infilled framed structures. These comparisons highlight 
some critical issues in the formulation of analytical relations having a general ap-
plicability; however, it was found that RILEM suggestions are appropriate for the 
considered AAC productions, at least for densities greater than 400 kg/m3.
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Abstract. In this research, the effect of superplasticizer, specifically a polycarbox-
ylate based superplasticizer, on the strength of Geopolymer Concrete (GPC) was 
investigated. A fixed amount of superplasticizer (1.5% of Fly Ash weight) was used 
in this study along with the alkali activators which are Sodium Hydroxide (NaOH) 
and Sodium Silicate (Na2SiO3). A non-destructive test, Ultrasonic Pulse Velocity 
Test, was done to determine the strength development of concrete. It was found 
that the quality of the GPC specimen improved from “very poor to good” when 
a higher concentration of alkali activator was applied based on the Concrete Qual-
ity Designation. In detecting the color development of GPC, it was found that 
samples become lighter as time passes due to dehydration (a process where water 
escapes from the sample). Grayscale Analysis was conducted through a software 
called MATLAB. From the compressive strength test and strain gauge test, stress 
strain diagrams were generated which generally indicate that the GPC specimens 
are ductile. However, it was also concluded that the superplasticizer used has no 
significant positive effect on the strength of GPC. By applying a higher concen-
tration of alkali activator, the workability was compromised. However, with the aid 
of superplasticizer, the difficulty of mixing was relatively lessened. Relatively, upon 
the conclusion of the study, the researchers were able to assess the workability of 
the mix designs based on the ease of mixing during the actual experiment. The as-
sessment was done using a rating from 1 to 5, with 1 being the least workable and 
5 being the most workable.
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Abstract. The use of mechanical coupling devices and anchors for reinforcing steel 
for use in concrete structures can simplify the design and construction of reinforced 
concrete and reduce the amount of reinforcement required. Technical Approvals 
of these products by suitably qualified organisations are acceptable under Building 
Regulations and by major specifiers as the appropriate way of assessing non-stand-
ard or new and innovative products.

Specifiers, manufacturers, traders, and customers increasingly demand certainty 
in the quality management of mechanical coupling devices and anchors entering 
the supply chain. The supply chain is extremely complex. The weak traceability sys-
tems and pressure on the supply chain to reduce cost have created the environment 
where risks increase.

This unique and comprehensive model describes the technical and assessment 
requirements for the conformity of mechanical coupling devices and anchors. It 
covers all stages in the supply chain from the production, assembly, product perfor-
mance and evaluation of mechanical properties including tensile strength, ductility, 
permanent elongation (slip), cyclic loading performance and fatigue performance. 
The essential elements of the quality management system combined with addition-
al requirements on process control, product testing and robust installation method-
ology are essential and agreed by all relevant sectors of industry.
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Abstract. In many countries, concrete pavements are normally built as Jointed Plain 
Concrete Pavements. Due to a lack of alternatives, repairing deteriorated concrete 
pavements usually requires the replacement of the complete pavement structure and 
maintaining the joints, which is labour- and resource-intensive. To increase the du-
rability of repairs and to save resources concrete overlays with carbon reinforcement 
are developed. By the application of non-corrosive carbon-textile reinforcement 
cracks might be distributed so fine, that such an overlay can be executed jointless, 
unlike in previous repair methods. For a durable repair the bond behaviour between 
the retained concrete and the overlay as well as between the overlay-concrete and 
the textile reinforcement have to be considered.

In this paper, the basic principles and feasibility of such a repair method are 
examined. On the one hand, the decisive influencing variables and parameters such 
as bond behaviour and cracking behaviour within the overlay are pointed out and 
discussed. On the other hand, the performed special lab tests will be presented. 
These tests include cyclic loadings on large-scale beams with integrated overlays of 
such types, evaluating the bond behaviour and the durability after a few millions of 
load cycles. Furthermore, the crack formation in the overlay is determined by means 
of tensile and flexural tensile strength tests.
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Abstract. Calcium sulfoaluminate (CSA)-based binders offer a promising way to 
enhance the sustainability and durability of concrete. Lower kiln temperature (i.e., 
1250°C) requirement and lesser limestone demand for CSA cement’s manufac-
turing contribute to a significant reduction in its carbon footprint compared to 
Portland cement. Furthermore, the porous nature of the CSA cement clinker makes 
it more friable than Portland cement clinker. Additionally, expansive characteris-
tics of CSA-based binders can be leveraged to produce shrinkage-compensating 
concrete. Nonetheless, durability of CSA-based binders under chemical exposure 
is not well-studied. For applications such as concrete pipes carrying domestic and 
industrial wastes, it becomes pertinent to evaluate the performance of CSA-based 
binders in acidic environment. This study focuses on evaluating the acid resist-
ance of three CSA-based binders. The acid attack was simulated by exposing the 
CSA-based binders to citric acid for 35 days of the exposure period. The study 
consists of detailed characterization of untreated and treated CSA-based binders 
using thermogravimetry, mass loss, area loss measurements, and pH monitoring of 
attacking solution. It shows that calcium sulfoaluminate-based binders have good 
citric acid resistance in terms of mass loss and area loss measurements. Enhanced 
acid resistance can be attributed to the phase assemblage of CSA-based binders. 
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Abstract. The growing importance of a circular economy also holds possibilities for 
concrete. Some of the principles of circularity, like the re-use of “waste” as secondary 
raw material and the optimisation of the design with regards to lifespan, environ-
mental impact and re-use, can be applied.

Several technological innovations in this domain are in an advanced stage of 
development. However, the transition from research to full commercial applica-
tions is held back, mostly due to the absence of documented experience and the 
lack of a technical framework (prescriptions). In order to accelerate the adoption 
of new technologies, the Belgian Building Research Institute (BBRI) started the 
project “Circular.Concrete”. The aim of this project is to translate research results 
into practice. The link towards practical applications in commercial construction 
projects is also made.

In this paper, the results are presented of validation tests regarding 1) smart 
crushing technology, 2) the carbonation of recycled aggregates, 3) concrete using 
only recycled aggregates and 4) the use of alternative binders and supplementary 
cementitious materials.
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Abstract. This paper gives a short introduction of the development of cross lami-
nated timber (CLT) concrete composite walls with a glued connection. In the com-
posite walls, prefabricated ultra-high-performance concrete (UHPC) lamellas re-
place timber lamellas at the core layer of the CLT elements. To check the feasibility 
of gluing timber to UHPC small-scale shear, delamination and bonding tests were 
performed and showed promising results. The load bearing behaviour was analysed 
with centrically and eccentrically loaded tests on wall segments. Analytic modelling 
of the wall experiments using an effective bending stiffness, based on shear analogy 
method, showed a good correlation to the experimental results.
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Abstract. Low density of the light-weight cement blocks offers an advantage in 
terms of dead load reduction, which is advantageous in structural design—reduc-
tion of size and numbers of load-carrying structural components is possible. Pro-
duction of cement blocks, however, generally requires Ordinary Portland Cement 
(OPC) which creates harmful environmental impacts. Utilization of waste as al-
ternative raw materials for cement production is a route to alleviate the problem. 
This research aims at synthesizing eco-friendly cement-like material for produc-
tion of light-weight cement blocks. The cement-like material were prepared from 
eggshells, cockleshells, and rice husk ash (RHA). With high content of calcium 
oxide and silica, eggshells and cockleshells are potential sources of calcium, whereas 
RHA is a good source of silicon. Additionally, a fuel-efficient solution combustion 
technique was employed in synthesis of the cement-like material. Phase identifi-
cation analysis of the synthesized powder indicated that tri-calcium silicate (C3S), 
di-calcium silicate (C2S), tri-calcium aluminate (C3A), and tetra-calcium alumino 
ferrite (C4AF), which are main constituents of OPC, were obtained. To fabricate 
eco-friendly light-weight cement blocks, the synthesized cement-like material were 
mixed with cement, water, and additional RHA and cast into blocks. The optimal 
compressive strength and density of the cement blocks were in comparable range 
with the standard light-weight concrete defined by Thai Industrial Standards In-
stitute (TISI) and American Concrete Institute (ACI 213,2001). With jute fiber 
reinforcement, enhanced compressive strength of 20% was achieved, while elimina-
tion of spalling after compression test was clearly evident, implying a more ductile 
failure.
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Abstract. Precast sandwich panels, characterized by external textile reinforced con-
crete (TRC) layers and an inner insulation core, represent a convenient system for 
energy retrofitting of existing façades. These elements fulfil all the requirements for 
façade systems and constitute a valid alternative to both external thermal insulation 
composite systems (ETICS) and ventilated façades. The main feature of this kind 
of panel is that it could be applied on an existing façade through four punctual 
connectors by means of a crane, without any scaffolding. The paper considers two 
different solutions: the former use expanded polystyrene (EPS) as insulating ma-
terial and was developed within the European project ‘EASEE’. The latter was de-
veloped in the ‘Smart P.I.QU.E.R.’ project, supported by Lombardy Region (Italy), 
and substitutes EPS with a new eco-friendly insulation material based on inorganic 
diatomite developed within the project. The paper aims at comparing the two dif-
ferent solutions in terms of mechanical properties of the different components and 
the behaviour of the composite sandwich solutions at lab-scale level. Numerical 
models, previously calibrated, will be instrumental for the discussion.
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Abstract. Geopolymer concrete (GPC) could be a solution that uses a cementless 
binder and recycled materials for producing concrete, while reducing the carbon di-
oxide emission and the demand for raw materials. In addition to the environmental 
aspect, previous studies on GPC showed that it can achieve mechanical characteris-
tics higher than those of ordinary Portland concrete (OPC) such as greater strength 
a few days after casting, and it can be suitable for structural applications. In this 
paper, the state-of-the-art review of GPC is presented through an extensive liter-
ature analysis to determine the most recent information regarding the engineering 
properties of geopolymer concrete and the critical issues that prevent its widespread 
use and to put forward suggestions for future research. In particular, the physical 
properties in both fresh and hardened states and the mechanical characteristics are 
investigated; the structural performance of geopolymer concrete elements is also 
outlined.
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Benefits of Pervious Concrete for Urbanized Habitats

G Giunti and D Miczek
ZAPA beton a. s., Vídeňská 495, 142 00 Praha 4, Czech Republic
giuseppe.giunti@zapa.cz

Abstract. Pervious (draining) concrete is a new generation concrete which, for its 
structure, allows rainwater to enter the subsoil and at the same time is determining 
the final surface without the need for any additional layer. Pervious concrete allows 
to drain off up to 95 % of precipitation, which represents a significant contribution 
to ecology and sustainability. Therefore, its use is particularly suitable in city parks, 
bike paths, in the vicinity of apartment buildings, swimming pools and parking lots. 
Rainwater is not purposelessly be drained by the city sewer system, but it is ab-
sorbed directly in place and contributing to the environmental improvement of the 
urban habitat (replenishment of groundwater supplies, water for roots of plants and 
trees, reduction of the thermal island of the city, etc.). Unlike prefabricated paving 
blocks (interlocking and flat paving), pervious concrete makes it possible to realize 
structured and complex shapes of finished surfaces without the need for laborious 
cutting, waste, dust and with generally faster laying. This paper summarizes the 
current achievements within the BUZZI group and the use of pervious concrete in 
the Czech and Slovak Republic.
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Effect of TiO2 and ZnO Powder Mixtures on Mechanical and 
Photocatalytic Performance of High Performance Concrete

F Amor1, L Ingrisova1, Z Racova1, M Baudys2, P Hajek1

1Department of Building Structures, Faculty of Civil Engineering, Czech Technical 
University in Prague, Czech Republic
2Department of Inorganic Technology, University of Chemistry and Technology Prague, 
Czech Republic
fouad.amor@fsv.cvut.cz

Abstract. The development of new modified cement-based materials is increas-
ingly becoming a necessity for improving the durability and surface performance 
of building materials. Titanium dioxide (TiO2) photocatalyst has been widely used 
in building materials science due to its ability to break down pollutants. Zinc oxide 
(ZnO) is often considered a substituent for TiO2 because of its photocatalytic and 
photoluminescent properties. A new inorganic nanocomposite photocatalyst, based 
on titanium and zinc oxides, is introduced in this work in order to study its com-
patibility with High Performance Concrete (HPC). This research aims to study 
the mechanical and photocatalytic behavior of mixtures based on nanoparticles in 
HPC. The study of the efficiency in the nitrogen oxides (NOx) degradation of 
modified HCPs in TiO2 and ZnO with different percentages is studied. The studies 
have shown that the introduction of titanium dioxide in HPC presents a significant 
efficiency for the NOx degradation and a positive effect on the mechanical proper-
ties than zinc oxide, and thus represents potential contribution to sustainability of 
concrete structures. 

mailto:fouad.amor@fsv.cvut.cz
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Contribution of Fly Ash to Strength Development of Mortar under 
Steam Curing and Internal Curing

R Insako1, Y Miyoshi1, P T Huynh1, Y Ogawa1 and K Kawai1

1Hiroshima University, 1-4-1, Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8527, 
Japan
ogaway@hiroshima-u.ac.jp

Abstract. The purpose of this study is to quantitatively evaluate the effects of steam 
curing and internal curing on contribution of fly ash to strength development of 
mortar by using cementing efficiency factor (k-value) that represents strength de-
velopment performance as a binder of fly ash. In addition, the pozzolanic reaction 
of fly ash was evaluated from the viewpoint of calcium hydroxide consumption by 
using thermogravimetry and differential thermal analysis as well as the degree of 
fly ash reaction by using selective dissolution method. The result indicated that 
steam curing improved early compressive strength and internal curing improved 
compressive strength and k-value at all ages. Also, a linear relationship between the 
degree of fly ash reaction and the k-value weas shown regardless of the age and the 
replacement ratio of fly ash.
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Sustainable Concrete Production with Recycled Concrete Wash Water 
Beneficiated with CO2 

S Monkman1 and V Meyer2

1CarbonCure Technologies, 42 Payzant Av, Dartmouth NS, Canada
2Holcim Innovation Center, 95 Rue du Montmurier, 38070 Saint-Quentin-Fallavier, 
France
smonkman@carboncure.com

Abstract. A significant amount of wastewater is generated through the cleaning 
of equipment utilized within the ready mixed concrete production cycle. The reuse 
of concrete wash water as mix water is limited by the negative material perfor-
mance impacts associated with the suspended solids; the effects are exacerbated 
with increasing solids contents and water aging. A novel carbon dioxide treatment 
to allow the use of high solids wash water (specific gravity 1.10) as mix water was 
examined. Seven batches of concrete were produced and compared: a reference mix, 
two batches with untreated wash water and four batches with CO2 treated wash 
water. The carbon dioxide treatment mineralized CO2 at 28% by mass of the treated 
solids. Acceptable concrete was produced through adjusting admixtures for work-
ability. The compressive strength at 1, 7, 28 and 56 days was improved relative to 
both the reference and the concrete produced with untreated wash water. The sus-
pended solids containing mineralized CO2 served as a viable cement replacement. 
The avoided cement and bound carbon dioxide served to lower the carbon impact 
of the concrete by about 14%. The approach allows three waste streams (CO2, wash 
water and wash water solids) to be reused to produce more sustainable concrete.
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High-performance Concrete Containing Waste Vitrified Tiles

D Mariaková1, K Fořtová1, Z Jirkalová1, T Pavlů1 and P Hájek1
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Abstract. This contribution deals with the possibility to use waste vitrified tiles 
(VT) in high-performance concrete. Silica fume normally used in high-perfor-
mance concrete is replaced by waste vitrified tiles in 25, 50, 75 and 100 %. The basic 
experiments are tested, such as water absorption, flexural strength and compressive 
strength. The durability is examined, freeze-thaw resistance is tested in 25, 50, 75 
and 100 freeze cycles. The results are evaluated and compared with the reference 
high-performance concrete, containing silica fume. The recipe of concrete is opti-
mized based on these results.
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Strength and Durability Characteristics of Self Compacting Concrete 
(SCC) with Recycled Aggregate and Manufactured Sand

C Sashidhar1, S Nirmala2, Veera Sudarsana Reddy3, N V Ramana4*
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2Research Scholar, J.N.T.University Anantapur India
3Principal Priyadarshini Engineering College and Technology Tirupathi
4Associate Professor UBDT College of Engineering Davanagere India
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Abstract. The investigations on self compacting concrete (SCC) with recycled 
coarse aggregate and Manufactured sand (M-Sand) were performed in this current 
study. The SCC mixtures were produced with the recycled coarse aggregate of pro-
portions of 0 to 100% with step increment of 25% with a ratio of water binder at 
0.36. In addition, the mixtures were also prepared by mixing it with M-Sand. The 
feasibility of utilizing the recycled coarse aggregate in SCC was evaluated through 
strength and durability studies. The obtained results demonstrated that the SCC 
produced from these materials can be effectively recommended for their usages in 
concrete industries.
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Utilization of Recycled and Secondary Materials in Concrete 
Production – LCA 
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Abstract. The paper describes an assessment of concrete in terms of environmen-
tal impacts in relation to the utilization of recycled materials. The article includes 
a short summary of the literature search on evaluation methods for environmental 
impacts and on recycled and secondary materials. The environmental impacts of 
several concrete mixtures were calculated. The reference concrete mixture contain-
ing only cement as a binder and only natural aggregate was compared with other 
mixtures containing recycled and secondary materials as a binder or aggregates. 
Some of these concrete mixtures were then compared within the whole structure. 
Variant design of a simple structure was performed, whereas the variants differed in 
the concrete mixture. These variants were then evaluated in terms of environmental 
impacts.
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Equivalent Thermal Diffusivity of Natural and Recycled Aggregate 
Concrete at Temperature up to 350 °C

I Hager1, K Mróz1, T Tracz1, V Kočí2,  and L Fiala2

1Chair of Building Materials Engineering, Faculty of Civil Engineering, Cracow 
University of Technology, 24 Warszawska St. 31-155 Cracow, Poland
2Department of Materials Engineering and Chemistry, Faculty of Civil Engineering, 
Czech Technical University in Prague, Thakurova 7/2077, 16629 Prague 6, Czech 
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izabela.hager@pk.edu.pl

Abstract: The paper presents the experimental investigation results on the equiv-
alent thermal diffusivity of concretes with natural coarse aggregates and recycled 
concrete aggregates. The high-temperature exposure is related to the fire situation 
when rapid heating of the element takes place. As the heat transfer in concrete plays 
a crucial role in fire resistance evaluation, the thermal properties that change with 
the temperature are essential and need to be provided to the calculation model. 
Thermal diffusivity was evaluated based on the temperature measurements made 
on cylindrical samples using so-called “inverse technique”. Thermal diffusivity (D) 
parameter was estimated for concretes manufactured with different replacement ra-
tios of natural by recycled coarse aggregate (0, 50 and 100%) produced by crushing 
the worn-out concrete pavement that was dismounted after exploitation period. The 
diffusivity of concrete was tested up to 350 °C. The progressive decrease of thermal 
diffusivity was observed, and the lowest D values were obtained for higher recycled 
concrete aggregates content. The results were presented against the background of 
other authors results and referred to the D values proposed in EUROCODE 2.
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Forced Carbonation of Recycled Concrete Aggregates
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Abstract. The production of concrete, especially the contained cement clinker, 
causes a high proportion of the manmade gaseous air pollution. Studies show that 
the decarbonation of limestone effects roughly 8% of worldwide CO2 emissions, 
which underlines the need for action and research.

Due to the present stock of buildings and infrastructures and their obsolescence, 
or rather replacement, the amount of demolition material is permanently increas-
ing. In many cases the demolition material consists of high-quality concrete, which 
could be used again as recycled aggregate in the production process to conserve 
sources of raw materials.

Most of the concrete waste is not carbonated which means that the potential as 
CO2 sink can be exploited in the course of the recycling process. Since the recycled 
and carbonated material is used as replacement for primary raw material, the state 
of carbonation itself is irrelevant to any steel corrosion or associated problems.

The main objective of this work was to investigate the CO2 absorption of con-
crete waste, to investigate and prove its use as a possible carbon sink. At this point, 
the carbonation velocity had to be optimised by the use of special equipment. First 
test series show, that the ecological footprint of concrete can be significantly re-
duced if concrete waste is used for carbon storage and admixed as recycled aggre-
gate during the production process.

The aim of this study was to point out further possibilities for the ecological op-
timisation of concrete besides alternative binders, which are the subject of research 
from various projects worldwide.
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Improvement Mechanism of Recycled Concrete Using C-S-H Type 
Accelerator and Modifying Recycled Aggregate by Carbonation 
Technology
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Abstract. In Japan, there is concern that concrete blocks due to demolition will 
increase with the renewal of concrete structures. Although it has been used for 
roadbed materials as recycling, in recent years, aggregates are removed from the 
concrete mass by crushing and grinding and used again as concrete aggregates. The 
quality of recycled aggregates varies depending on the concrete blocks and process-
ing method. In concrete using recycled aggregates, it is necessary to take account 
of insufficient strength, drying shrinkage, freeze-thaw resistance and so on. In pre-
vious study, the quality of recycled aggregates was improved by adsorbing carbon 
dioxide to recycled aggregates, and recycled concrete used the modified aggregates 
has been confirmed to increase strength and reduce drying shrinkage. In this study, 
we focused on the aggregate interface of concrete such as the interfacial transition 
zone for the purpose of clearing the quality improvement method of recycled con-
crete. We attempted to modify the aggregate interface using a C-S-H hardening 
accelerator using two recycled aggregates of different quality. We will also compare 
which is more effective, concrete that tried to modify the aggregate interface and 
recycled concrete that uses carbonated modified recycled aggregate. We clarify the 
matters concerned about recycled concrete.
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Unique and Innovative Technology for Sustainable and Efficient 
Structural Concrete Made of 100% Recycled Aggregate from CDW

B Slánský1, P Zelinka2 and J Čermák3
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Abstract. For supporting an environmental and social approach to the construction 
industry, the authors are bringing a new unique technology for maintaining the 
production of sustainable and efficient structural concrete made of 100% of recycled 
aggregate from construction demolition waste (CDW) as a replacement of natural 
aggregate. A wide range of laboratory testing of concrete with a grade up to C 30/37 
using brick and concrete recycled aggregate as well as pilot projects will be present-
ed with very successful results. This has been done by taking a different approach 
to the concrete mix design and production using new modern materials as well as 
new methods. Then full-scale production testing proved the new concept with only 
a minor adjustment in concrete plant technology. This new solution has very pos-
itive environmental impact and cost optimization shows its great potential for use 
as a structural concrete supporting a circular economy, saving natural sources, min-
imizing dumping and landfilling of CDW as well as reducing the CO2 footprint. 
This innovative technology makes the reuse of CDW possible in concrete with 
higher added value in the construction production chain (up-cycling) compared to 
conservative CDW downcycling. This unique concrete production together with 
proper CDW management brings with it a quite cost-effective contribution to the 
building industry and market.
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Use of Recycled Concrete Fines in Cement and as Aggregate
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simone.stuerwald@ost.com

Abstract. The research project focused on investigating and optimizing the pro-
cessing and use of recycled crushed sand 0/4 from concrete demolition waste, as an 
alternative raw material in the cement and concrete industry. Crushed sand is pro-
duced during the processing of concrete demolition waste. The goal was to identify 
the optimum way of using the processed material along the entire process chain so 
that greenhouse gas emissions, waste volumes are reduced, and natural resources are 
conserved. Different samples of laboratory and real crushed concrete fines were col-
lected and examined in relation to various possible applications in accordance with 
the applicable standards. Results highlight, that crushed concrete fines can be used 
in various applications in the concrete value-chain. However, for an optimal usage, 
additional processing is needed.
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Properties of Concrete Using Crushed Stone Powder with Various 
Specific Surface Areas
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Abstract. Many countries use crushed stone and crushed sand as the aggregate 
for concrete. However, a large amount of crushed stone powder is produced as 
by-products in the manufacturing process. Unless effective utilization of crushed 
stone powder is considered, it is not a sufficient measure in terms of sustainability. 
In this study, the properties of concrete using crushed stone powders with different 
specific surface areas are investigated. As the results, a strong correlation was found 
between the unit water content of concrete and the total surface area of the crushed 
stone powder contained in the concrete. Furthermore, it was concluded that the 
correlation between the strength index, the CO2 index, and the virgin resource in-
dex of concrete using crushed stone powder depends on the types of crushed stone 
powder and crushed sand.
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Energy Flows along the Production and Use of Secondary Materials 
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Abstract. Urban mining in the existing building stock can contribute to securing 
raw materials and conserving natural resources if the potential of recycling con-
struction waste is consistently exploited. From an ecological point of view, it is on 
the one hand interesting what amounts of primary materials can potentially be 
substituted and on the other how much energy need to be invested for this. At 
present, the recycling of construction waste usually is considered from a material 
perspective. There is lack of an approach, extending material-oriented consider-
ations by energetic aspects. The aim is to develop a uniform research approach by 
which energy expenditure during recycling of important construction products can 
be determined. Besides concrete seven further construction products are investigat-
ed. Recycling paths are described and analysed along waste management processing 
steps taking into account the quality of the demolition materials and the quality re-
quirements of the possible new application variants in the construction sector. The 
result is a clear plea for more consistent recycling. The analyses of concrete indicate 
that “high-quality” recycling only results in energy advantages when “high-grade” 
demolition material is used. However, so-called “down-cycling” solutions allow re-
source conservation to be combined with energy savings, even with lower-quality 
demolition materials. The single-minded focus on “high-quality” recycling accord-
ing to the general understanding should therefore be questioned. Instead, preference 
should be given to solutions that take resource conservation into account in a more 
holistic way especially with regard to resource conservation and climate protection.





159

fib International Conference on Concrete Sustainability, 8–10 September 2021
Author Index

Abu Bakar, A 53
Adia, J-L 47
Ahmad, H 53, 78, 101
Ahmad Zakwan, F A 53, 78, 101
Amor, F 143
Anderson, J 109
Anders, S 40
Anhaia, C A A D L 77
Antunes, C 41
Arosio, V 113
Arrigoni, A 113
Ausiello, G 56
Bačuvčík, M 38
Baldi, F 54
Baudys, M 143
Bencardino, F 100
Bergmeister, K 123
Bertola, F 59
Borderie, C La 45
Borges, L F 77, 79
Boulant, G 47
Branco, F G 105
Brankley, L 65, 98, 134
Breitenbücher, R 37, 39, 43, 135
Broukalová, I 76, 150
Brütting, J 55
Camci, L 65, 98, 134
Camões, A 105
Canonico, F 59
Capelli, L 59
Capone, C 54
Carmo, R 41
Carré, H 45
Carstens, S 128
Carvalho, R A 77, 79
Cerioni, R 132
Ceroni, F 73
Chalupec, A 97

Chandeng, L 139
Charpin, L 47
Chaunsali, P 136
Cheng 35
Chen, Y 52
Cherki El Idrissi, A 47
Chiaia, B 106
Choi, H 86
Colombo, I G 140
Colombo, M 140
Corres Peiretti, H 26
Costa, H 41
Crisci, G 73
Cunha, C H D M 79
Čermák, J 154
Dacić, A 107
Damion, T 136
Decousser, N 108
De Domenico, D 96
Dela Cruz, R L C 133
Di Girolamo, L 56
di Prisco, M 140
Dixit, M K 102
Dooms, B 137
Dotelli, G 113
Ectors, D 75
Ehrenberg, A 39, 44, 46
Escoffier, F 47
Falikman, V R 125
Falliano, D 96
Fantilli, A 106
Feix, J 117
Feldrappe, V 44, 46
Fenyvesi, O 107
Fernandes, B 45
Ferretti, D 132
Fiala, L 151
Fischer, O 138

Author Index



160

fib ICCS2021
Author Index

Fivet, C 55
Fořtová, K 148
Fujita, S 58
Fujiyoshi, K 83
Fukada, H 61
Funaki, N 58
Fu, Q 89, 129
Gastaldi, D 59
Gastaldi, M 42
Gašpárek, J 38
Genova, E 54
Gerten, C 39
Gilg, S 155
Giunti, G 142
Glock, C 90
Gruhler, K 157
Guenther, E 111
Gugliandolo, A 54
Gugliandolo, E 96
Haave, S S 67
Haelewyn, J 47
Hager, I 131, 151
Hájek, P 57, 143, 148
Hammerl, M 93
Hamon, F 47
Hatanaka, T 58
Haufe, J 44
Hejazi, F 101
Hénault, J-M 47
Henry, M 88, 95
Hoki, K 31
Holcman, J 112
Holicky, M 85
Horáková, A 76, 150
Hromada, E 112
Huang, Q 52
Hunger, F 138
Hunger, M 25
Huynh, P T 144
Hwang, E J 86
Ichiba, M 48
Il’in, D A 125

Ingrisova, L 143
Insako, R 144
Iravani, A 40
Irico, S 59
Ismail, R 53, 78, 101
Istanbulluoglu, E 66
Ito, S 34
Iwanaga, K 48
Iyoda, T 33, 34, 153
Izoret, L 108
Jacobs, A 25
Janotka, I 38
Jeong, J 108
Jeong, J C 86
Jin, K W 86
Jirkalová, Z 148
Ji, X 130
Jongprateep, O 139
Júlio, E 41
Kahnt, A 124
Kanazawa, T 74
Kasal, B 89, 129
Kasaya, T 61
Kasuga, A 27
Kawaai, K 36
Kawai, K 144
Kelley, S 110
Kempf, L-A 39
Kim, B S 86
Kishida, S 51, 87
Kitayama, K 51
Knight, D 65
Kočí, V 151
Kohoutková, A 76, 150
Korniejenko, K 35
Koteš, P 60
Koyamada, H 130
Kromoser, B 93
Kytzia, S 155
Łach, M 35
Lajevardi, S M S 119
Lampropoulos, A P 91



161

fib International Conference on Concrete Sustainability, 8–10 September 2021
Author Index

Lechner, J 117
Li, D 52
Lignola, G P 73
Lima, C 126, 141
Lin, W-T 35
Lollini, F 32
Lollini, L 42
Lourenço, P B 119
Lysberg, M 67
MacLean, H L 113
Maddaloni, G 126, 141
Mai-Nhu, J 108
Mancinelli, O 106
Mariaková, D 148
Marone, G 56
Martins, P C D R 77, 79
Masson, B 47
Mathieu, J-P 47
Matos, J 94, 119
Matschei, T 44
Matsuda, N 33, 153
Matsuka, T 156
Matsumoto, A 61
Matsumoto, Y 48
Matsuo, T 71
Matsushita, H 156
Meesak, T 139
Meglin, R 155
Meyer, V 147
Miczek, D 142
Mielecke, T 111
Michelini, E 132
Michel-Ponnelle, S 47
Mindeguia, J C 45
Miyoshi, Y 144
Mizoguchi, S 48
Mohd Hashim, M H 53
Moix, J 55
Moncaster, A 109
Monkman, S 147
Morgan, L 134
Morozumi, H 71

Mróz, K 151
Muendecke, E 111
Muhammad Rashid, R S 78, 101
Mukai, T 87
Müller, C 24
Murakami, K 51
Murata, Y 51
Muresan, A 55
Mutke, S 59
Nagai, K 118
Nagata, S 71
Nazaré, S L T D 79
Nemati Giv, A 129
Neubauer, J 75
Neumann, J 135
Neves, R R 77, 79
Niepceron, J 47
Nirmala, S 149
Nishida, T 36
Nisticò, M 100
Nomura, S 61
Novotný, P 97
Nývlt, M 57
Oberndorfer, T 138
Ogawa, Y 144
Ohtomo, K 71
Oliveira, G Y D S 77
Oliveira, M H D 79
Oliveira, V H D D 77, 79
Ondroš, M 97
Ongpeng, J 36
Ongpeng, J M 133
Opher, T 113
Opon, J 88, 95
Ov, D 37
Pahn, M 128
Palmer, M 98
Panesar, D K 113
Pantazopoulou, S J 127
Papangelakis, V G 127
Parcesepe, E 126, 141
Paschalis, S A 91



162

fib ICCS2021
Author Index

Paulík, P 38
Pavlů, T 148
Pazderka, J 57
Pecce, M R 126, 141
Perlot, C 45
Pernin, T 108
Pfleger, M 152
Potier, J-M 108
Pradeep Kumar, P 102
Prestrud, K 67
Prota, A 73
Przondziono, R 43
Quan, C 52
Quattrocchi, S 96
Racova, Z 143
Raczkiewicz, W 60
Ralli, Z G 127
Ramana, N V 149
Redaelli, D 55
Reddy, Veera Sudarsana 149
Ricciardi, G 96
Rodriguez, L M A 133
Roik, M 124
Rønning, A 67
Russo, G 56
Russo, N 42
Sakai, K 23, 118, 156
Sakoi, Y 61
Sashidhar, C 149
Saxegård, S 67
Scope, C 111
Sefrin, R 90
Segreto, M-A 54
Shibuya, A 153
Schiavi, L 42
Schiller, G 157
Schmidt-Döhl, F M 75
Schmitt, L 108
Schneiderova Heralova, R 112
Schreiberová, H 76
Schuetz, J 111
Schulenberg, D 75

Schultze, K 111
Schwenn, M 123
Schwoon, O 46
Silfwerbrand, J 84
Siqueira, J P D A 77, 79
Sirico, A 132
Sitarz, M 131
Slánský, B 154
Sobral, R D A 79
Soldado, E 41
Sousa, H 94, 119
Spatari, S 113
Stepanova, V F 125
Stocker, F 123
Stoiber, N 93
Strauch, R 66
Strini, A 42
Stuerwald, S 155
Suyama, H 130
Suzuki, M 156
Taillade, F 47
Tajima, Y 31
Takai, K 48
Takasu, K 130
Tanaka, R 58
Taylor, A W 92
Teixeira, E 94, 105
Tietze, M 124
Tiongco, E J Y 133
Toulemonde, C 47
Tracz, T 151
Tralow, F 75
Tsukagoshi, M 83
Tuakta, C 139
Tugrul, A 65, 98, 134
Ueda, T 83, 139
Urbina, O 94
Vavruš, M 60
Ventanilla, M G 36
Vill, M 152
Vios, N A 95
Vitasek, S 112



163

fib International Conference on Concrete Sustainability, 8–10 September 2021
Author Index

Vollpracht, A 44
Vrijders, J 137
Wisuthseriwong, T 139
Wolf, J J 75
Xochicale Cortés, A N 99
Yan, L 89, 129

Yokota, H 118, 156
Yulas, K D A 133
Zanoni, R 42
Zelinka, P 154
Zeman, O 123
Žáková, H 57





165

fib International Conference on Concrete Sustainability, 8–10 September 2021
Conference Partners

Increase your Efficiency 
in Production and Reduce 
your CO2 Emissions

Do you want to reduce your cement content and related 
CO2 emissions? Are you looking for a solution to reduce 
the heat of hydration in mass concrete structures and 
improve durability? Do you want to use more supplementary 
materials and recycled aggregates? Our breakthrough 
innovation Master X-Seed STE speeds up your construction 
process by improving both early and late strength development 
of concrete while reducing your environmental impact.

More information at: 
master-builders-solutions.com/en-gb/products/
master-x-seed/master-x-seed-ste
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Optimising your construction.  
Every time.

Save  
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Increase 
safety

Improve 
concrete quality

Reduce  
costs

The Formwork Experts.

 � Increase sustainability of your construction project by using  
real-time concrete monitoring and benefit from shorter cycle times.

 � One step ahead using reliable and documented concrete data  
with 24/7 data access from anywhere.

 � No loss of productivity due to new and eco-friendly low carbon concrete  
mixes with different compressive strength development - Concremote knows  
when the target value is reached and you are ready to continue.

Doka GmbH | Josef Umdasch Platz 1 | 3300 Amstetten | Austria | T +43 7472 605-0 | info@doka.com | www.doka.com

Scan QR code and join our Concremote Community on LinkedIn:
https://www.linkedin.com/groups/13590836/

Reduce CO2 

footprint
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Test your structure 
before you build it

ATENA software for nonlinear analysis and 
reliability assesment

New  includes new interesting ATENA version 5.9
features for concrete sustainability such as:

- durability, ASR and corrosion modelling
- improved support for advanced concrete materials such as   

FRC, HPFRC and SHCC
- 3D printing modelling 
- improved reinforcement material model for cycling behaviour
- improved reinforcement bond model taking into account 

corrosion or high temperatures
- automated report generation
- ATENA Center for faster navigation through various ATENA 
tools, tutorials and documentation

- software hardlocks simplifies the program distribution

Fields of application:

- buildings, bridges, tunnels, power plants, 
containments, river dams, offshore structures

- frames, precast elements, facades, fastening, 
strengthening

- plain and reinforced concrete, pre-stressed 
concrete, fibre reinforced concrete, special 
concrete

- load carrying capacity, structural resistance, 
reliability, durability, crack pattern, crack width, 
deflections, analysis of damage and failure

- static, dynamic loading, thermal analysis, 
pre-stressing, fire exposure, creep and 
shrinkage, push-over analysis, fatigue

Červenka Consulting s.r.o.  • •Na Hrebenkach 55  150 00 Prague 5  Czech Republic
phone: +420 220 610 018  email: web:• •cervenka@cervenka.cz  www.cervenka.cz 







New situation in natural and socio-economic environment requires new technical 
solutions for construction of new and reconstruction and modernization of existing 
structures. Concrete gradually becomes building material with high potential for new 
technical solutions resulting in needed environmental impact reduction and conse-
quent social and economic improvement. With respect to specifics of concrete pre-
sented as a strong and durable material, it is possible to design and construct robust 
structures with a high level of resilience when faced to the exceptional natural or man-
made disasters. To gain from advantages of concrete, it requires a better knowledge 
about technological processes and their impacts from a wide variety of sustainability 
aspects within entire life cycle – from acquisition of materials, through production of 
concrete and concrete components, construction, use, up to demolition of concrete 
structure and recycling.

The main objective is thus to contribute to sustainable development through dissem-
ination of advanced knowledge which is based on research results and developments 
in the fields of concrete structures and associated technologies. The aim is to bring 
together engineers, researchers, academics, producers, investors and developers to 
exchange and discuss their innovative approaches and ideas focused on sustainable 
concrete structures and their contribution to sustainable development goals.

The fib ICCS2021 Conference topics:

Durability
Innovation in Buildings and Civil Structure
Case Studies
Modelling and Analysis
Sustainable Design and Assessment
Life Cycle Design
Through-Life Management and Care
Advanced Materials
Dismantlement, Reuse and Recycling
Resilience

https://www.fibiccs.org
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