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Preface

Concrete is a widely used material in the construction industry due to its versatility,
strength, and durability. However, the production of concrete has a significant impact
on the environment, contributing to carbon emissions, resource depletion, and waste
generation. This has led to an increasing need to address sustainability concerns in the
construction industry.

As the world population grows and the impact of climate change becomes more
severe, the demand for sustainable buildings has also increased. Sustainable buildings
minimize their environmental impact by reducing resource consumption, minimizing
waste generation, and improving energy efficiency. Moreover, durable and resilient struc-
tures are crucial aspects of sustainable construction. Structures that can withstand the
test of time and natural disasters reduce the need for frequent repairs and replacements,
thereby reducing the resources needed for ongoing maintenance.

Sustainable structures also provide long-term financial benefits by reducing opera-
tional costs. This is achieved through measures such as energy-efficient designs and the
use of sustainable materials. In this aspect, it is essential for the construction industry to
prioritize sustainability to ensure a better future for the world.

In order to address the next steps in the construction industry, the fib International
Symposium 2023, “Building for the Future: Durable, Sustainable, Resilient,” was held
in Istanbul, Turkey on June 5-7, 2023, as an official symposium of the International
Federation for Structural Concrete ( fib), by the contribution of International Federation
for Structural Concrete Turkey Branch ( fib Turkey), Istanbul Technical University (ITU),
and the Turkish Earthquake Foundation (TEF).

The primary goal of the symposium was to provide a platform for scientists, engi-
neers, industrial partners, and practitioners to present and discuss recent advances, state
of the practice, and future perspectives in terms of durability, sustainability, and resiliency
in civil engineering. The symposium covered topics related to concrete and innovative
materials, structural performance and design, construction methods and management,
and outstanding structures.

We are pleased to present the proceedings book of the fib International Symposium
2023 published by Springer, which consists of two volumes and includes 372 papers from
55 countries worldwide. All papers submitted to the symposium underwent a rigorous
review process by the members of the International Scientific Committee. We would
like to thank all the authors for their valuable contributions, as well as the members of
the International Scientific Committee for their hard work and dedication to ensuring
the quality of the papers. In the symposium, a total of 412 presentations were made,
including 6 keynote and 14 invited theme lecturer presentations. We would like to extend
our sincere thanks and appreciation to all the speakers, with special thanks to the keynote
and invited speakers for their invaluable contributions.

We would like to express our sincere thanks to the members of the organization
committee of the symposium, as well as to Prof. Dr. Stephen J. Foster, the president of



vi Preface

the fib, Dr. Akio Kasuga, previous president of the fib, Dr. David Ferndndez-Ordofiez,
co-chair of the symposium, and secretary general of the fib, Ali Karahan, co-chair of the
symposium, and Marie Reymond, communications and events specialist of the fib, for
their support. Additionally, we are grateful for the support of ITU, TEF, the Scientific and
Technological Research Council of Turkey (TUBITAK), fib Turkey, and the sponsors.

We would also like to extend our appreciation to the M.Sc./Ph.D. students who
volunteered their time and efforts to ensure the success of the symposium.

We believe that the fib International Symposium 2023-Istanbul was a productive and
unforgettable experience for all participants.

Sincerely,

June 2023 Alper Ilki
Derya Cavunt
Yavuz Selim Cavunt



Organization

Symposium Organizing Committee

Alper Ilki (Co-chair)

Ali Karahan (Co-chair)

David Fernandez Ordanez
(Co-chair)

Caglar Goksu Akkaya (Member)

Erkan Akpinar (Member)

Rezan Bulut (Member)

Ladin Camc1 (Member)

Erdem Canbay (Member)

Deniz Korhan Dalgi¢c (Member)

Marco Di Ludovico (Member)

Bilge Doran (Member)

Savag Erdem (Member)

Esin Ergen (Member)

Maurizio Guadagnini (Member)

Pinar Inci Kogak (Member)

Hilmi Lus (Member)

Motohiro Ohno (Member)

Kutay Orakc¢al (Member)

Nusret Suna (Member)

Ozkan Sengiil (Member)

Almila Uzel (Member)

Ufuk Yazgan (Member)

Niliifer Ozyurt Zihnioglu
(Member)

Derya Cavunt (Secretary)

Yavuz Selim Cavunt (Secretary)

Marie Reymond (Secretary)

Sevin Yaren Aytepe
(Communication Assistant)

Istanbul Technical University
ALACALI
Secretary General of fib International

Istanbul Technical University
Kocaeli University

The Turkish Chamber of Civil Engineers
CARES

Middle East Technical University
Izmir Institute of Technology
University of Naples Federico II
Yildiz Technical University
Istanbul University

Istanbul Technical University
University of Sheffield

Istanbul Kultur University
Bogazici University

The University of Tokyo/Commission Chair of

the Young Member Group
Bogazici University
The Turkish Chamber of Civil Engineers
Istanbul Technical University
Yeditepe University
Istanbul Technical University
Bogazici University

Istanbul Technical University
Istanbul Technical University

fib International Communications and Events

Specialist
Istanbul Technical University



viii Organization

International Scientific Committee

Cagla Meral Akgiil, Turkey
Caglar Goksu Akkaya, Turkey
Yilmaz Akkaya, Turkey

Erkan Akpinar, Turkey

Engin Aktag, Turkey

Ugurhan Akyiiz, Turkey

Riadh Al-Mahaidi, Australia
Jodo Almeida, Portugal

Ueli Angst, Switzerland
Hakan Nuri Atahan, Turkey
Yu Bai, Australia

Ihsan Engin Bal, Netherlands
Gyorgy Balazs, Hungary
Lawrence C. Bank, USA
Joaquim Barros, Portugal
Zeynep Basaran Bundur, Turkey
Brahim Benmokrane, Canada
Hans-Dieter Beushausen, South Africa
Jorge de Brito, Portugal

Ladin Camci, UK

Joan Ramon Casas, Spain

F. Necati Catbas, USA

Zekai Celep, Turkey

Carlos Chastre, Portugal

Eleni Chatzi, Switzerland
Jian-Fei Chen, UK

Christis Chrysostomou, Cyprus
David Citek, Czechia

Joao Ramoa Correia, Portugal
Manfred Curbach, Germany
Christoph Czaderski, Switzerland
Oguz Cem Celik, Turkey

Jian Guo Dai, China

Deniz Korhan Dalgig, Turkey
Avraham N. Dancygier, Israel
Frank Dehn, Germany

Cem Demir, Turkey

Ugur Demir, Turkey

Wit Derkowski, Poland

Samir Dirar, UK

Unal Anil Dogan, Turkey
Cemalettin Donmez, Turkey
Badogiannis Efstratios, Greece



Rolf Eligehausen, Germany
Sinan Turhan Erdogan, Turkey
Vyatcheslav R. Falikman, Russia
Amir Fam, Canada

Michael N. Fardis, Greece

Peng Feng, China

David Fernandez-Ordofiez, Spain
Liberato Ferrara, Italy

Inés Flores-Colen, Portugal

Jim G. Forbes, Australia

Stephen J. Foster (Chair), Australia

Paolo Franchin, Italy

Albert de la Fuente, Spain
Hiroshi Fukuyama, Japan
Hans Rudolf Ganz, Switzerland
Elyas Ghafoori, Switzerland
Ali Ghahremaninezhad, USA
Sadik Can Girgin, Turkey
Zehra Canan Girgin, Turkey
Serdar Goktepe, Turkey
Rebecca Gravina, Australia
Mark Green, Canada
Maurizio Guadagnini, UK
Kent Harries, USA

Javad Hashemi, Australia
Venkataramana Heggade, India
Steinar Helland, Norway
Chris Hendy, UK

Lucas Hogan, New Zealand
Eva Oller Ibars, Spain

Alper iIki (Co-chair), Turkey
Deniz Artan lter, Turkey
Jason Ingham, New Zealand
Medine Ispir, Turkey

Akio Kasuga, Japan
Venkatesh Kodur, USA

Jifi Kolisko, Czechia
Susumu Kono, Japan
Arkadiusz Kwiecien, Poland
Denvid Lau, Hong Kong
Gwenn Le Saout, France
Lionel Linger, France
Barbara Lothenbach, Switzerland
Hilmi Lus, Turkey

Giuseppe Mancini, Italy

Organization

ix



X Organization

Enzo Martinelli, Italy

Tor Arne Martius-Hammer, Norway
Jose Matos, Portugal
Radhouane Masmoudi, Canada
Thomas Matschei, Germany
Fabio Matta, USA

Stuart Matthews, UK

Alberto Meda, Italy

Masoud Motavalli, Switzerland
Harald Miiller, Germany

John Myers, USA

Annalisa Napoli, Italy

Camillo Nuti, Italy

Tor Ole Olsen, Norway

Nadja Oneschkow, Germany
Kutay Orakgal, Turkey

Beliz Ozorhan, Turkey

Turan Ozturan, Turkey
Stavroula Pantazopoulou, Canada
Marisa Pecce, Italy

Esin Ergen Pehlevan, Turkey
Michael F. Petrou, Cyprus
Marco di Prisco, Italy

Andrea Prota, Italy

Hugo Rodrigues, Portugal

Koji Sakai, Japan

E. (Erik) Schlangen, Netherlands
Serdar Selamet, Turkey

Jose Sena-Cruz, Portugal

Larbi Sennour, USA

Moslem Shahverdi, USA
Akanshu Sharma, Switzerland
Johan Silfwerbrand, Sweden
Scott Smith, Australia

Serdar Soyoz, Turkey

Tayfun Altug Soylev, Turkey
Alfred Strauss, Austria

Eleni Smyrou, The Netherlands
Ozkan Sengiil, Turkey

Luc Taerwe, Belgium

Vivian Tam, Australia

Kiang Hwee Tan, Singapore
Mehmet Ali Tagdemir, Turkey
Jin-Guang Teng, Hong Kong
Giovanni Terrasi, Switzerland



Rein Terje Thorstensen, Norway
Onur Behzat Tokdemir, Turkey
Jean Michel Torrenti, France
Lluis Torres, Spain

Nikola Tosic, Serbia

Thanasis Triantafillou, Greece
Omer Tugrul Turan, Turkey
Tamon Ueda, Japan

Almila Uzel, Turkey

Lucie Vandewalle, Belgium
Humberto Varum, Portugal
Elizabeth Vintzileou, Greece
Jan L. Vitek, Czech Republic
Oliver Weichold, Germany
Yu-Fei Wu, China

Ahmet Yakut, Turkey

Ozgiir Yaman, Turkey

Libo Yan, China

Ufuk Yazgan, Turkey

Sherif Yehia, UAE

Qian Qian Yu, China

Niliifer Ozyurt Zihnioglu, Turkey

Organization

Xi



Contents

Keynote Lecturers

Recent Canadian Developments Related to FRP Reinforcement
for Sustainable and Resilient Concrete Structures, Design Codes,

and Field Applications in Infrastructures and Buildings ...................

Khaled Mohamed and Brahim Benmokrane

The Beauty of Simplicity and Recyclability .............................

Konrad Bergmeister and Josef Taferner

1915 Canakkale Bridge — Dream to Reality ............ ...,

Omer Giizel

Invited-Theme Lecturers

Development of a QA/QC Methodology for the Construction of Critical

Infrastructure Projects Designed Based on Service Life Considerations ... ...

Yilmaz Akkaya and Mehmet Ali Tasdemir

Enhancement of the Efficiency of CFRP Composites in Strengthening

Flat and Curved Soffit RCMembers ...............iiiiiiiiinnnn..

Riadh Al-Mahaidi, Khattab Al-Ghrery, Bahaa Al-Atta, Robin Kalfat,
and Alaa Al-Mosawe

Demountable Reinforced Concrete Structures - A Way Forward

to Minimize Energy and Waste in Construction Industry ..................

Ashraf Ashour, Diogo Figueira, Hanady Almahmood,
Giirkan Yildirim, Alper Aldemir, and Mustafa Sahmaran

Fib MC2020 - A Sustainability-Driven Performance-Based Approach

to Design, Execution and Life-Cycle Management of Concrete Structures .. ..

Agnieszka Bigaj-van Vliet, Gerrie Dieteren, and Stuart Matthews

Towards Earthquake Risk Reduction Solutions: Applications

of Composite Materials and Future Challenges ...........................

Marco Di Ludovico

Re-Evaluation of Reinforced Concrete Design Code Provisions

in Adopting High-Strength Reinforcement ..............................

Bing Li

13

27

49

59

72

81

93



XXVi Contents

Innovative Retrofitting of RC Structures Using Textile-Reinforced
Alkali-Activated or Cement-Based Mortar Overlays: Application

1IN Short COIUMNS . ..ot e e e

Lazar Azdejkovic and Thanasis Triantafillou

Transfer of Forces Within Repaired/Strengthened RC Elements ............

Elizabeth Vintzileou

Structural Walls: New Modeling Parameters for Seismic Retrofit ...........

John W. Wallace and Saman A. Abdullah

Concrete and Innovative Materials

Determination of Prestressing Using Crack Reopening Method .............

Jakub Kralovanec, Martin Moravcik, Petra Bujnakova,
Frantisek Bahleda, and Jozef Prokop

Floured CaCO3 as Supplementary Cementitious Material in Defined

Performance CONCIELE . ... ...ttt e e e e e

Vyacheslav Falikman, Pavel Sirotin, and Pavel Smirnov

An Energy Dissipative Double Beam Coupling Beam Equipped

with Low Damage Seismic Technology .................................

Kathryn Hogarth, Jared Cantrell, and Mustafa Mashal

Evaluation of Combustion Effect on Biomass Bottom Ash
from a Fluidised Bed Power Plant — Sand Substitution on Mortar

APPLHCAtION . ..ot

Schlupp Florian, Page Jonathan, Djelal Chafika, and Libessart Laurent

A System Development Strategy of a Digital Construction for Building

Frames .. ... e

Bjorn Ter Haar, Jacques Kruger, and Gideon van Zijl

The Mechanical Effects of Recycled Steel Fiber on Concrete ..............

Cansu Colak and Ozkan Sengul

Non-linear Analysis of RC and PRC Structures Towards a Maximum

Exploitation of the Plastic Reserves of the Materials ......................

Marco Givonetti, Mattia Mairone, Rebecca Asso,
Luis A. Bohorquez Grateron, Davide Masera, and Giuseppe C. Marano



Contents XX Vil

Usability and Suitability of Different Small-Scale Test Setups

to Accurately Assess the Shear Strength of the Glue Line in Adhesive

Bonded Timber-Concrete-Composite Elements ........................... 219
Florian Brosch and Benjamin Kromoser

Development of a Simplified Strategy for Topology Optimisation
of Reinforced Concrete Beams Using Regular Geometric Shapes ............ 227
Iyad Ahmed, Sara Reichenbach, and Benjamin Kromoser

Assessment of the Bending Behaviour of RC Beams Under Impact
Loads with DIC ... ... o e e 236
Gonzalo S. D. Ulzurrun and Carlos Zanuy

Dependence of Basic Creep on the Relative Humidity ..................... 246
Jean Michel Torrenti, Nedjar Boumediene, and Aili Abudushalamu

A Non-proprietary Ultra High-Performance Concrete for Longitudinal
Field-Cast Connection Between Precast Bridge Decks ..................... 254
Ali Shokrgozar, Arya Ebrahimpour, and Mustafa Mashal

Predicting the Load-Carrying Capacity of Timber-Concrete Notch
CONNECHIONS ...ttt t ettt ettt e e e e e 265
Sepideh Mirshekar and Vahid Sadeghian

Influence of Seawater Curing on Reinforced Concrete Located in XS2
ENVIronment . ... ... ... 276
Gonzalo Pazo, Victor Lanza, Pilar Alaejos, and Ana Lope

The Impact of Additives and Curing Conditions on the Mechanical
Strength and Microstructural Development of MgO Based Systems .......... 286
Khalilullah Taj, Biisra Aktiirk, and Serhan Ulukaya

Creep Response of Rubberised One-Part Alkali-Activated Concrete .. ........ 298
Mohamed Elzeadani, Dan V. Bompa, and Ahmed Y. Elghazouli

Bending Load-Bearing Behaviour of Concrete Components Reinforced
with Impregnated Flax Fibre Textiles .............. ... o o i, 309
Katrin Zecherle, Marcus Ricker, Tania Feiri, and Jan Binde

Immediate CO, Savings Through Optimised Design Approaches:
A Case Study of Reinforced Concrete Flat Slabs .......................... 321
Tania Feiri, Sebastian Kuhn, and Marcus Ricker



XXViii Contents

Experimental Research on New Sustainable Geopolymer Concretes

Reinforced and not Reinforced with Natural Fibers .................
Alberto Viskovic, Michat Lach, Ltukasz Hojdys, Piotr Krajewski,
and Arkadiusz Kwiecien

Experimental Study on the Directional Dependency of 3D Printed
Concrete in the Elastic Range .............. . ... .. ..
Lien Saelens, Roman Wan-Wendner, Robby Caspeele,
and Kim Van Tittelboom

Evolution of Structural Design of Concrete Framed Buildings for Net
Zerointhe UK . ... ...
Costas Georgopoulos

Influence of Loading Boundary Conditions on the Strain Distribution
and Stress-Strain Response in the Concrete Uniaxial Compression Test
Saeid Mehrpay, Xinyu Hu, Zhao Wang, Liangliang Wei,
and Tamon Ueda

Effect of Loading Sequence in Compressive Fatigue of Concrete:
Experimental and Theoretical Evidence ...........................
Abedulgader Baktheer, Josef Hegger, and Rostislav Chudoba

An Investigation into Durability Aspects of Geopolymer Concretes

Based Fully on Construction and Demolition Waste ................
Emircan Ozcelikci, Gurkan Yildirim, Musab Alhawat, Ashraf Ashour,
and Mustafa Sahmaran

Effect of Grouting on the Resistance of Portland and Blast Furnace Slag
Cement Paste Against Chemical Attack by Aggressive Carbon Dioxide
Falk Wagemann, Frank Schmidt-Dohl, and Amir Rahimi

Temperature Dependence Tendency of the Strength Development
of Ultra-Low-Shrinkage and High-Strength Zero-Cement Concrete . ..
Taku Matsuda, Ryuichiro Mine, and Takafumi Noguchi

Investigation of the Influence of Recycled Concrete Powder (RCP)

on the Setting Behavior of Cement When Used as Supplementary

Cementitious Material (SCM) . ... . .
Benjamin Wolf, Benedikt Zoels, and Andrea Kustermann

Decarbonising Precast Concrete Manufacturing: Implementation
of Low-Carbon Concretes ................cciiiiiiiiiiiiin...
Ana Pavlovié, Glen Rust, and Harry Edwards



Contents

Experimental and Numerical Characterization of High-Strength
Concrete Under Monotonic and Fatigue Mode II Loading with Active

Control of Lateral Compression .. ..............eeeueuuenuunnnnnnnnnnnn.

Henrik Becks, Mario Aguilar, Josef Hegger, Rostislav Chudoba,
and Martin Classen

Reusability Assessment of Obsolete Reinforced Concrete Structural

COMPONEGILS . . . ettt ettt e

Julie Devenes, Maléna Bastien-Masse, Célia Kiipfer,
and Corentin Fivet

Durability of Concrete: Assessing the Performance Achieved

in the Laboratory and on the Construction Site ....................oouuu...

Juan Mauricio Lozano-Valcarcel, David Ov, Thomas Kriinkel,
Christoph Gehlen, and Rolf Breitenbiicher

Experimental Investigation of Basalt/Fibre Textile Reinforced Concrete

Under Uniaxial Tensile Force .......... .. ... .. ..

Giorgio Mattarollo, Norbert Randl, and Margherita Pauletta

Fracture and Shear Behaviours of Recycled Aggregate Concrete .............

Sourav Chakraborty and Kolluru V. L. Subramaniam

Shear Stiffness and Capacity of PolyUrethane Flexible Joint

in Timber-Concrete COmMPOSItES . ... ... ...ttt

Klaudia Sliwa-Wieczorek, Wit Derkowski, Eva Binder,
Arkadiusz Kwiecien, Bogustaw Zajgc, Ervin Halilovic,
and Seid Lotinac

Recycled Ultra High Performance Concrete (UHPC) as a Way to Reduce

the Cement Demand in New UHPC . ....... .. ... ... .. .. ... . ...

Liberato Ferrara, Ruben P. Borg, Estefania Cuenca, May El-Sayed,
and Christabelle Vassallo

Using Ground Penetrating Radars to Detect Cold Joints in Reinforced

CONCIEte SIIUCIUIES . .\ vttt ettt e e e et e e e e ettt e e

Evgeny Zerkal, Alexey Kalashnikov, and Andrey Lapshinov

Self-healing Behaviour of Ultra-High-Performance Concrete Under

Constant Load . ... ..

Mohammad Alameri, Mohamed Mohamed Sadakkathulla,
Abdul Hamid Sheikh, and Mohamed Elchalakani

XXix



XXX Contents

Acoustic Emission Characteristics of Microbe Cement Under Uniaxial
COMPIESSION & e vttt ettt et e e e e e e e e e e e e e e e e 514
Yifan Ji, Liquan Xie, and Tanbo Pan

An Experimental Investigation on Mechanical Properties

and Microstructures of Mortar Incorporated with Recycled

Fibre-reinforced Polymer (rFRP) Composite Waste ........................ 524
Yunyun Tao and S. Ali Hadigheh

Influence of Rib Geometry on the Bond Strength of Reinforcing Steel
INCOIIS .o 536
Johannes Frose and Oliver Fischer

Analysis of Extensive Durability Test Data for Validating 120-Year

Design Life of the Thames TidewayTunnel ............................... 546
Pierre-Edouard Denis, Alexandre Chaizemartin, lan Gibb,
Aneeta Mary Joseph, and Lionel Linger

Thames Tideway Tunnel —Thermal Assessment and On-Site Thermal

MONIOTING . . oottt et e e e e e e e 557
Pierre-Edouard Denis, Alexandre Chaizemartin, Hugo Chapin,
lan Gibb, and Lionel Linger

Adaptation of the Infrastructure to Climate Change — Research Needs ........ 568
Johan Silfwerbrand
Numerical Study of the ITZ Volume Fraction in Concrete .................. 578

Ahmed Naija and Karim Miled

Effect of Fibre Tensile Strength, Aspect Ratio and Volume Fraction

on Rheological and Mechanical Properties of High-Strength

Self-compacting CONCIEE . ... ..o ovtttttttt e 588
Abdullah Alshahrani and Sivakumar Kulasegaram

Development of Basalt Fibre Reinforced Polymer (BFRP) Rebar

Infused with Geopolymer Binder .......... ... ... ... ... L. 599
Mahbube Subhani, Sukanta Kumer Shill, Estela Garcez,
Russel Varley, and Jerry Gan

Performance Improvement of Recycled Coarse Aggregate Concrete
Using a Shrinkage-Reducing Agent ............. .. ...iiiiiiiinnnnn. 609
Sachie Sato and Hiroyuki Tanano



Contents

Analyzing Environmental Effects on the Mechanical Performance

of Composite Reinforcement Systems ...............c.coiiiiiiiiiiiina...

Haji Akbar Sultani, Arvydas Rimkus, Aleksandr Sokolov,
and Viktor Gribniak

Development of Aerated Concrete Brick with Chemical Additives

from Electric Arc Furnace Slag Waste ........... ...,

Cetin Baglan, Okan Aydin, Oguz Isik, and Sinan Aras

Bond Between Layers of Cementitious Mortars Developed for 3D

Printing ... ..o

Augusto Soares, Ana Rodrigues, Hugo Costa, Ricardo Carmo,
Florindo Gaspar, and Eduardo Jiilio

3D Printing Cement-Based Materials Using 100% of Recycled

AGEIEZAIES . o o ettt ettt e

Nico Obermeier, Felix Wiese, Andrea Kustermann,
and Thorsten Stengel

Effect of Wood/Binder Ratio, Slag/Binder Ratio, and Alkaline Dosage

on the Compressive Strength of Wood-Geopolymer Composites .............

Firesenay Zerabruk Gigar, Amar Khennane, Jong-leng Liow,
and Biruk Hailu Tekle

Performance of Fiber-Reinforced Sustainable Concretes Manufactured

with Aggregate and Binder from Steelmaking Slag ........................

Vanesa Ortega-Lopez, Javier Manso-Morato, Aratz Garcia-Llona,
Amaia Santamaria, Ana B. Espinosa, Roberto Serrano,
and Flora Faleschini

Design Optimization of Self-compacting Concrete with Residues

for Different Scenarios .. ...t

Marta Skaf, Victor Revilla-Cuesta, José-Tomds San-José,
Victor Lopez-Ausin, and Juan M. Manso

Conformity Assessment Model for the Constructional Steel Products ........

Lee Brankley, Ayhan Tugrul, and Ladin Camci

Determining Mechanical and Permeability Properties of Fly Ash

and Nano-silica Containing Mixtures Using Taguchi Design Method .........

Mahsa Farshbaf Maherian, Sidar Nihat Bicakci, Servan Baran,
and Hakan Nuri Atahan

XXX



XXXii Contents

Thames Tideway Tunnel — Use of a Decisional Carbon Footprint Tool

for Determining Concrete MIXeS . .....ouunee it 710
Pierre-Edouard Denis, Alexandre Chaizemartin, Matthew Gardiner,
Bruno Paul-Dauphin, and Lionel Linger

Carbon Absorption and Carbon Absorption Enhancement of Recycled
Concrete Aggregate MaSSES ...ttt et 721
Tommi Kekkonen, Jussi Mattila, Kalle Raunio, and Tandré Oey

Application of Shape Memory Alloy and CFRP Strips for Active
Flexural Strengthening of RCBeams . ............ ..., 729
Janusz Rogowski and Renata Kotynia

Analytical Estimation of the Creep Behaviour of Basalt FRP Bars
Below the Creep Rupture Limit ........ ... .. i, 739
Ana Pavilovié, Ted Donchev, and Diana Petkova

Synthetic Fibre Reinforcement in Concrete Structures — Applications
and Design .. ... 747
Péter Kdroly Juhdsz and Péter Schaul

Evaluation Method for Bending Beam Tests of Fibre Reinforced Concrete .... 757
Péter Kdroly Juhdsz
Behavior of EAF Concrete Under Cyclic Axial Loading .................... 768

Flora Faleschini, Daniel Trento, and Vanesa Ortega-Lopez

Creep Rupture Strength of GFRP Bars in Alkaline Concrete
Environment Under Elevated Temperature ................... ..., 778
Khaled Mohamed, Ahmed Hassanein, and Brahim Benmokrane

Cyclic Response of Concrete Bridge Piers Reinforced with Steel
or GFRP Bars . ... 788
Cain Stratford and Alessandro Palermo

Compressive Strength of Foam Concrete with Coal Mining Waste ........... 798
Esegbushota Josephine Foghi, Thanh Vo, and Mohammad Rezania

Bond Enhancement of Carbon Textile Reinforcement by Nano-silica
DePOSILON ..ttt 806
Sung-Gul Hong and Hyun-Soo Youm

25 Years Working with Green Steel Slag Concrete ...............co.uuunnn.. 816
Amaia Santamaria, Victor Revilla-Cuesta, Jesis Setien, Iiiigo Vegas,
and Javier Jesus Gonzdlez



Contents XXXiii

Behaviour of Reinforced Recycled Aggregate Concrete Beams
Subjected to Torsional Loading ............oviiiiiiniiiinnn.. 826
Asad-ur-Rehman Khan, Shamsoon Fareed, and Fatima Khalid

Development of Concrete with 100% Recycled Aggregate for Use
in Structural Engineering with Exposure Classes XC3 and XF1 ............. 835
Peter Wild, Thorsten Stengel, and Andrea Kustermann

Fire Resistance of Sustainable Mortar with Plastic Waste Aggregates ........ 844
Colombo Matteo, Agnese Scalbi, K. Grigoriadis, Caverzan Alessio,
and Paolo Negro

The Effect of Municipal Solid Incineration Fly Ash on Mechanical
Properties of Mortar .. ........... ... 851
Ismail Altindag and U. Anil Dogan

A Novel Methodology to Determine the Composite Action of Concrete
Cast at Different Times ... .........uuuuuuu e 860
Jules Smits, Ann Van Gysel, Stijn Francois, and Tom Molkens

Towards a Conscious and Far-Sighted Construction Market Through

the Use of Sustainability Indexes ...............ciiiiiiiiiiinna.. 870
Davide di Summa, Esteban Camacho, Liberato Ferrara,
and Nele De Belie

Design of Sustainable High-Ductile Engineered Cementitious

Composites with Limestone Calcined Clay Cement . ....................... 878
Shahin Zokaei, Hocine Siad, Mohamed Lachemi, Obaid Mahmood;,
and Mustafa Sahmaran

Novel Blast and Fire Resistant Composite Materials: Design

and Preliminary Results ......... .. 888
loanna Giannopoulou, Ponsian Mwobeki Robert,
Thomaida Polydorou, Demetris Demetriou, Ourania Tsioulou,
Andreas Lampropoulos, Michael F. Petrou, and Demetris Nicolaides

Smart Material Design of Textile-Reinforced Composites

for Thin-Section StruCtures . ... ...........uuuuuuneueinnn. 898
Can Giirer Yiicel, Onur Oztiirk, Olcay Aydogan, Selen Akin,
Niliifer Ozyurt, and Esat Selim Kocaman

The Influence of SCMs, Fibres and Superplasticizer on the Chloride
Diffusion Coefficient of eco-UHPC ....... ... ... ... .. ... ... ........... 907
Ana Rodrigues, Hugo Costa, Ricardo Carmo, and Eduardo Jilio



XXXIV Contents

The Challenge of Replacing Natural Aggregate with Artificial

Aggregate for Structural Concrete ... ...

Nicoletta Russo and Federica Lollini

Effects of High Temperatures on Concrete with Recycled Aggregates

from Ceramic Stoneware Waste . ...,

Marta Roig-Flores, Vicente Albero, Lucia Reig,
David Herndndez-Figueirido, Antonio Melchor, Angel M. Pitarch,
and Ana Piquer

Validation of an Experimental Methodology for Measuring Concrete

Fracture Energy in Existing Structures .................ooiiiiiiinnn...

Silvia Sarmiento, Jaime Gonzdlez-Libreros, Lennart Elfgren,
Erik Andersson, Mats Petersson, and Gabriel Sas

Finite Element Modelling of GFRP Dowel Bars Embedded in Slabs

on Ground Resting on Simulated Soil Subbase ..........................

Muhammad Kalimur Rahman, Mohammed Fasil,
and Mesfer M. Al-Zahrani

Effect of Mechanically Treated and Internally Cured Recycled Concrete

Aggregates on Recycled Aggregate Concrete ................ooviunnnn..

Konstantina Oikonomopoulou, Pericles Savva, Thomaida Polydorou,
Demetris Demetriou, Demetris Nicolaides, and Michael F. Petrou

Optimising Ultra-High-Performance Fiber-Reinforced Concrete

for Impact ReSiStance . ...............uuuuuunniiiiiiiiaanannn,

Demetris Demetriou, Thomaida Polydorou,

Konstantina Oikonomopoulou, Pericles Savva,

loanna Giannopoulou, Ponsian M. Robert, Ourania Tsiolou,
Andreas Lampropoulos, Demetris Nicolaides, and Michael F. Petrou

Estimated Time to Failure of Reinforced Concrete Members Due

£0 COITOSION o\ttt ettt e e e e e e e e

Goli Nossoni and Olatomide Fayomi

Effect of Cement Type on the Concrete Resistance to Chloride

Penetration over Time . ... ...

Nicoletta Russo, Matteo Gastaldi, and Federica Lollini

Model for the Compressive Behaviour of Steel-Fibre Reinforced

Concrete in New Eurocode 2, Annex L . ... .. . .

Gonzalo Ruiz, Angel De La Rosa, Elisa Poveda, Riccardo Zanon,
Markus Schdifer, and Sébastien Wolf



Contents XXXV

Bond Strength of Hot-Dip Galvanised and Stainless-Steel Reinforcing

Bars After Fire . ... ... 1003
Vicente Albero, Marta Roig-Flores, David Herndndez-Figueirido,
and Ana Piquer

A Review on the Use of SCMs and Alternative By-Products
in Eco-Efficient Concrete . ..............uuuueuuuuiiiiiiiiiiiinnn 1011
Eliana Soldado, Hugo Costa, Ricardo do Carmo, and Eduardo Jiilio

Effect of Coarse Aggregate Concentration on the Mechanical Properties

and Bond-Slip Behavior Between the Low Strength Concrete and Plain

Rebar ... 1020
Sidar Nihat Bicakci, Osama Abo Kaf, Hasan Nuri Turkmenoglu,
Servan Baran, and Hakan Nuri Atahan

Scatter of Coal Fly Ash Properties and Effect of Particle Size and Shape
on Fresh and Hardened Mortar Performance .............................. 1030
Kai Tandon and Thorsten Stengel

Application and Texture of Ground RC as Supplementary Cementitious

Material . ... 1040
Ludwig Hertwig, Wladislaw Polienko, Constanze Reuter,
and Klaus Holschemacher

Methodology for Risk-Based Assessment of Post-tensioning Tendons
During Design . ... ... 1048
Glenn A. Washer and Reggie Holt

Pull-Out Tests on AR-Glass Fabrics Embedded in Plain
and Fibre-Reinforced Cementitious Mortars ...............c.cooviiininon... 1057
Marco C. Rampini, Giulio Zani, Matteo Colombo, and Marco di Prisco

Hemp Fiber Reinforced Lightweight Concrete (HRLWC)
with Supplementary Cementitious Materials (SCM) ....................... 1067
Havva Merve Tuncer and Zehra Canan Girgin

Embodied Carbon Over the Life Cycle of Reinforcing Steels: Carbon
Emissions Associated with Modules A1-A3 Product Stage and A4-AS5

CONSIUCHON STAZE .« .o vttt ettt ettt e e et e e 1075
Lee Brankley, Ladin Camci, Ayhan Tugrul, Bahadir Karadayi,
and David Knight

The Use of Recycled Steel Fibre in Precast Structures ..................... 1084

Alessandro P. Fantilli



XXXVi Contents

Through Textile to Reinforced 3D Concrete Printing .......................
Gozdem Dittel, Steffen Dringenberg, and Thomas Gries

Pioneering Strengthening of Concrete Bridge Girders with Pretensioned

CFRP Laminates in Poland ............ .. ... i,
Renata Kotynia, Michal Staskiewicz, Julien Michels,
Christoph Czaderski, and Masoud Motavalli

PC Girder-to-RC Deck Connection: Interface Shear Transfer with GFRP
Reinforcement .. ...... ... .. i
Camilo Vega, Abdeldjelil Belarbi, and Antonio Nanni

Experimental Study on the Performance of Fibre Reinforced Polymer
Pretensioned Concrete Beams ............. ... ... .. ...
Galo Ortiz, Eva Oller, and Antonio Mari

Experimental Bond Performance of Fibre Reinforced Polymer

Prestressed Concrete Elements ............ ... ...
Eva Oller, Galo Ortiz, Nuno Vdrzea Prazeres, Juan Murcia-Delso,
and Antonio Mari

Strain Hardening Cementitious Composite in Reinforced Concrete
Cover Zone for Crack Width Control ............ ... ...,
Shan He, Mladena Lukovi¢, and Erik Schlangen

Use and Application of Fiber Reinforced Concrete at Industrial Scale:

The Case Study of Precast Electric Cabins .............. ...,
Marco Pepe, Bianca M. Mennini, Silvio Di Cesare, Bernie Baietti,
Carmine Lima, and Enzo Martinelli

Experimental and Numerical Investigations of BFRP-Reinforced

Normal and High Strength Concrete Beams ..............................
Mesfer M. Al-Zahrani, Omar M. Mostafa,
Muhammad Kalimur Rahman, and Syed K. Najmuddin

Monitoring the Evolution of Concrete Strain Using Vibrating Wire
Strain GaUZES . ..o o vttt ittt
Wolfgang Bachofner and Johann Kollegger

A Fracture Mechanics Approach to the Design of Fibre-Reinforced
and Hybrid-Reinforced Concrete Beams .................................
Federico Accornero, Alessio Rubino, and Alberto Carpinteri



Contents

Effect of Elevated Temperatures on Mechanical Properties

of Fly-Ash-Based Geopolymer Concrete ...............ccovivieeennnn...

Chiharu Ota, Atsushi Shibayama, and Minehiro Nishiyama

Bio-Based Carbon Fibre Reinforced Polymer Laminates
for Strengthening of Concrete Structures: Material Characterization,

Bond to Concrete and Structural Tests . ...,

Marina Santos, Jodo P. Firmo, Jodo R. Correia, Mdrio Garrido,
Mateus Hofmann, Ana Lopez, Jodo Tonnies, Jodo C. Bordado,
Filipe Dourado, and Inés C. Rosa

Superabsorbent Polymers as an Additive Introducing Hydrophobic

Agents into Cement MatrixX . ...........uuiiiiiiinn ..

Dalia Bednarska and Marcin Koniorczyk

Shear Capacity of Hollow Reinforced Concrete Members

without Stirrups Strengthened with CFRP Sheets ........................

Rendy Thamrin, Zaidir, Sabril Haris, Sri Hartati Dewi,
and Febi Putri Yastari

Flexural Capacity of Sustainable RC Beams Manufactured with Treated

Wastewater, RCA, and Fly Ash ....... .. .. .,

Abdelrahman Abushanab and Wael Alnahhal

Drapability of AR-Glass Textile Reinforcements to Evaluate Suitability

for Applications in Free-Form Precasted Concrete Panels .................

Shantanu Bhat, Jan Niclas Olbrich, and Thomas Gries

Implementation of Continuous Textile Fibers in 3D Printable

Cementitious COMPOSILE . . ... ...ttt

Ata Nikravan, Olcay Gurabi Aydogan, Gozdem Dittel,
Martin Scheurer, Shantanu Bhat, Nilufer Ozyurt, and Thomas Gries

Sensitivity Analysis of the Thermal Properties in Early Age Modeling

OF MaSS CONCIELE . .. oottt e e e e e e e e

Farzad Danaei and Yilmaz Akkaya

CO; Curing for Extruded Textile Reinforced Concrete Components -

Requirements and Potentials ............... . ... i

Matthias Kalthoff, Holger Nebel, Cynthia Morales Cruz,
Laura Schmidt, Alexandra Weniger, Jana Gerta Backes,
Marzia Traverso, Michael Raupach, and Thomas Matschei

XXXVil



XXXViii Contents

Alkali-Activated Binder Requirements for Extrusion and 3d-Printing

of Carbon Reinforced Concrete . .............uuiuiuiiiiinnn. 1275
Henning Kruppa, Matthias Kalthoff, Tobias Neef, Silvia Reif}ig,
Victor Mechtcherine, Michael Raupach, Thomas Matschei,
and Anya Vollpacht

Utilizing Textiles as Integrated Formwork for Additive Manufacturing

WIth CONCIELE . ..o\ttt e e e e et it et 1285
Tobias Neef, Gozdem Dittel, Martin Scheurer, Thomas Gries,
and Viktor Mechtcherine

Evaluation of Properties of Impregnated Reinforcement Textiles Cured

Within Concrete for Applications in Concrete Extrusion ................... 1293
Martin Scheurer, Gozdem Dittel, Matthias Kalthoff,
Michael Raupach, Thomas Matschei, and Thomas Gries

Use of Glass Waste in Concrete: An AustralianUpdate ..................... 1303
M. Sofi, Z. Zhang, A. M. Rupasinghe, C. Ekanayake, E. Lumantarna,
and P. Mendis

Structural Performance and Design

Interfaces Between Reinforced Concrete Jackets and Columns .............. 1315
Erato Oikonomopoulou, Vasiliki Palieraki, Elizabeth Vintzileou,
and Giovacchino Genesio

Experimental Investigations on the Load-Bearing Behavior
of Monolithically Connected Bridge Piers ............ ... ..., 1325
Max Herbers and Steffen Marx

UHPFRC Repair of Charilaos Trikoupis Bridge M3 Pier Base

inthe Tidal & Splash Zone . ......... ... i 1335
Boutillon Laurent, Cussigh Francois, De Wiljes Guillaume,
Stathopoulos Viamis Aris, and Corbett Philip

Nonlinear Spring Modelling Approach for Concrete Edge Breakout
Failure of Shear Loaded Anchorages ............... ..., 1346
Bogldrka Bokor, Akanshu Sharma, and Jan Hofmann

Skewness Effect on Analysis of Transverse and In-Plane Loading
Acting on Skew Bridges . .............. 1356
Ayoub Essam, Youakim Maher, and Hany Karim



Seismic Damage Assessment for RC Buildings from SHM Data ............. 1366
Alessandro Lubrano Lobianco, Marta Del Zoppo,
and Marco Di Ludovico

Thin-Walled Slab Elements Made of FRP-Reinforced HPC and UHPC:
Development, Experimental Investigation and LCA ....................... 1374
Mathias Hammerl, Sara Reichenbach, and Benjamin Kromoser

A Novel Friction Damper for Seismic Retrofit of Precast RC Structures
With POor CONNECLIONS . .. ..ttt e e ettt et 1384
Alessandra Aprile, Eleonora Grossi, and Matteo Zerbin

Flexural Performance of UHPC Beams Reinforced with BFRP Bars ......... 1395
Farid Abed, Yazan Alhoubi, and Zin Mahaini

Development Stages of Structurally Optimised Concrete Girders:
Design Concepts, Material Strategies and Experimental Investigation ........ 1403
Nadine Pressmair and Benjamin Kromoser

A Monitoring Strategy for Recurrent Structures . ...................couuu.. 1412
Rebecca Asso, Davide Masera, and Giuseppe C. Marano

Impact of Distributed Loading and Intermediate Supports on Flexural
Shear Behavior of Slab Segments Without Shear Reinforcement ............. 1420
Annkathrin Sinning, Viviane Adam, Martin Classen, and Josef Hegger

Experimental Study on Non-ductile Reinforced Concrete Columns

Strengthened with Latticed Steel Jacketing ............................... 1430
Jorfran Alcaraz-Vdzquez, José E. Andrade, Aracely Gomez-Diaz,
Vanessa Y. Gonzdlez, Sara Palma, Carlos F. Vargas-Altamirano,
Juan José Gomez, Osvaldo Contreras-Reyes, and Sergio M. Alcocer

Seismic Performance Evaluation of Reinforced Concrete Columns
During Fire EXposure .. .........ooioiiiit e 1440
Yu Jiang and Qingjun Chen

Experimental Investigation of the Bond Between New Steel Bars B600B

and High-Strength Concrete in a Pull-Out Test - Report and Analysis

ofthe Results ......... .o 1450
Magda Kijania-Kontak and Andrzej Winnicki

Application of Unmanned Aerial Vehicle (UAV) Technology on Damage
Inspection of Reinforced Concrete Structures . ................c.c.oeuuunnnn.. 1461
Jiehui Wang and Tamon Ueda



x1 Contents

Thermal Loads and Moments in Reinforced Concrete Integral Bridges ....... 1471
Sarah Skorpen and Elsabe Kearsley

Cyclic Tests on Masonry-Infilled RC Frames Retrofitted

with Textile-Reinforced Mortars Combined with Thermal Insulation ......... 1482
Christis Z. Chrysostomou, Renos Votsis, Nicholas Kyriakides,
Christiana A. Filippou, Rogiros Illampas, and Stathis Bousias

Enhancing the Shear Performance of Reinforced Concrete Beams
with Functional Grading .......... ... . i 1495
Michele Win Tai Mak and Janet M. Lees

Dual Steel-Carbon Confinement of HSC Columns Considering Fire
RESISIANCE . . . oot 1505
Yedidya M. Shachar, Rami Eid, and Avraham N. Dancygier

Applicability of Proposed Steel Fiber Model Based on 3D RBSM
to Simulate the Mechanical Behavior of Steel Fiber Reinforced Concrete ... .. 1515
Atik Sarraz, Hikaru Nakamura, and Taito Miura

Precast Flat Plate Analysis by Kinematic Method ......................... 1526
Andprii Pavlikov, Olha Harkava, Dmytro Danych,
Muhammad Ghazali, and Abdulsalam Dabo

Comparative Assessment of RC and CFST Columns in Rigid-Frame
Bridges Subjected to Horizontal and Vertical Ground Motions .............. 1539
Javad Hashemi, Ali Al-Attraqchi, and Riadh Al-Mahaidi

Multi-physics Modelling of Moisture Diffusion in the FRP-Concrete

Adhesive JOINtS .. ... o 1549
Yilin Wang, Antonio Cibelli, Jan Vorel, Philipp Siedlaczek,
Giovanni Di Luzio, Jan Belis, and Roman Wan-Wendner

Micromechanical Modeling of the Nonlinear Behavior of Lightweight
Concrete with Various Expanded Polystyrene Contents .................... 1557
Slim Kammoun, Abdelmonem Masmoudi, Ali Ellouze, and Bilel Miled

Numerical Investigation on Influence of Vertical Shear Leg Stirrups
to Shear Failure Behavior in Wide Beams Using 3D-RBSM ................ 1567
Muhammad Abdullah, Hikaru Nakamura, and Taito Miura

Development of a Deep Learning-Based Anomaly Detection System
fOr STUCTUIES . . ..ottt 1578
Mehboob Rasul, Manabu Kawashima, and Khuyen Trong Hoang



Contents

The Role of Probability-Based Safety Analysis: The Perspective
of Structural Product Manufacturers .............. ...,
Tania Feiri, Jan Philip Schulze-Ardey, Marcus Ricker, and Josef Hegger

Numerical Simulation of Casting Process of Fiber Reinforced
Self-compacting Concrete (SCC) ...ttt
Mohammad Abedi, Chen Lin, and Guomin Ji

Efficiency Assessment of CFRP Flexural Strengthening of Low
Performance Concrete Elements . ................. ...
Haneen Rayan, Rami Eid, and Avraham N. Dancygier

Digital Twins for Reinforced Concrete Structures ...................c.o..u..
Jan Cervenka, Jiri Rymes, Libor Jendele, and Radomir Pukl

A Normative Performance Concept, Based on fib Model, for Durability
Design Regarding Chloride-Induced Corrosion ..................c.c.oo.uua..
Amir Rahimi

Numerical Investigations on the Influence of Different Parameters
on the Behavior of Headed Reinforcement ............... ... ... ... .......
Zahi Nehme El Hayek, Margaritis Tonidis, and Akanshu Sharma

Stress Transfer Mechanism of RC Interior Step Beam-Column Joints
with Headed Anchor for Beam Longitudinal Bars .........................
Mamoru Furusawa and Yuji Ishikawa

Comparison of Steel and GFRP Reinforcement in the Analysis
and Design of a Mid-rise Building ......... ... .. ... ... .
Mahrukh Midrar and Vicki L. Brown

Enabling Digital Transformation in Bridge Structure Damage Level
Assessment Based on Decline in Natural Frequency Using Ambient
Vibration Records .......... ...
Khuyen Trong Hoang, Tsukasa Mizutani, Manabu Kawashima,
and Hiroyuki Uchibori

Experimental and Numerical Assessment of Historical Steel-Concrete
Composite Bridge Decks Without Mechanical Connectors . .................
Mauro Poliotti, Yuguang Yang, and Ane de Boer

Crack Kinematics During the Transition from Shear to Sliding

or Crushing Failure in Seismically Loaded Squat Reinforced Concrete

Shear Walls .. ...
Diego Pizarro, Milan Kovarbasic, and Bozidar Stojadinovic

xli



xlii Contents

Analysis of Prestressing in Notched Concrete Beams ...................... 1704
L. Bauset-Tortonda, J. A. Mateu-Sdnchez, E. Giménez-Carbo,
M. C. Castro-Bugallo, P. Serna, J. R. Marti-Vargas,
and J. Navarro-Gregori

Experimental Tests on Concrete Wall-Steel Beam Connections .............. 1712
Claire Pascua, Rick Henry, Charlotte Toma, and Charles Clifton

Performance Improvement of an RC Moment-Resisting Frame
by a Novel Lead Extrusion Damper: A Numerical Investigation ............. 1722
Furkan Calim, Cihan Soydan, Ahmet Giillii, and Ercan Yiiksel

Design of Pre-cast Two-Column Bents Using Strut-and-Tie Models

and Nonlinear Finite Element Analysis .............. ... ... 1732
Lucas Carvalho, Mdrio Pimentel, Antonio Aréde, Nelson Vila Pouca,
Pedro Degaldo, and José Rui Pinto

Bond Strength of Lightweight Aggregate Concrete to the Plain
Seven-Wire Non-pretensioned Steel Strand ............................... 1742
Andrzej Seruga and Rafat Szydtowski

Multi-hazard Risk Assessment of Basic Services and Transport
Infrastructure in RN Macedonia, Greece and Albania Cross-Border
Region — CRISIS Project ........ .o 1754
Vlatko Sheshov, Roberta Apostolska, Radmila Salic,
Marija Vitanova, Julijana Bojadzieva, Kemal Edip,
Marta Stojmanovska, Aleksandra Bogdanovic, Goran Jekic,
Barbara Borzi, Elisa Zuccolo, Francesca Bozzoni, Antonella Di Meo,
Dimitrios Pitilakis, Evi Riga, Stavroula Fotopoulou,
Christos Petridis, Stevko Stefanoski, Neritan Shkodrani,
and Markel Baballéku

Punching Shear Behavior of Flat Slab Systems - Experimental

Investigations Using Isolated Specimens with Load-Dependent

Boundary Conditions ... .............et 1765
Matthias Kalus, Jan Ungermann, and Josef Hegger

Numerical Investigation of Closely Spaced Anchor Groups Under

Different Geometric and Loading Conditions ...................c.coou... 1776
Fasih ur Rehman, Margaritis Tonidis, Bogldrka Bokor,
and Akanshu Sharma



Contents

Evaluation of Stress Transfer Mechanisms in RC Beams Without Shear

Reinforcement Based on an Automated Crack Detection Scheme ............

Fahad Seemab, Maximilian Schmidt, Martin Classen,
and Rostislav Chudoba

Seismic Design of Anchorages Using Post-installed Reinforcing Bars ........

Sara Cattaneo, Giovacchino Genesio, and Roberto Piccinin

Laboratory Testing and SHM of a Prestressed Concrete Beam Under

Accelerated Artificial Corrosion and Sustained Loads ......................

D. La Mazza, P. Daro, M. Longo, G. Mancini, M. Brambilla,
P. Chiariotti, A. Cigada, F. Di Carlo, and A. Meda

Continuous MEMS SHM Systems to Support RC Bridges Retrofitting

Interventions Through an Ongoing Diagnosis ......................coou...

P. Daro, D. La Mazza, M. Longo, F. Basone, P. Chiariotti, A. Cigada,
and G. Mancini

Full-Scale Experimental Testing on a Reinforced Bridge RC Beam:

Experimental and SHM Results ........ ... . i i

P. Daro, D. La Mazza, E. Tetta, G. Lastrico, 1. Alovisi, G. Mancini,
E. Miceli, D. Gino, G. Amendola, L. Giordano, P. Castaldo,
M. Mariscotti, M. Garozzo, M. Deiana, and B. Magri

The New ACI Code 440.11-22 ... . . e

Vicki L. Brown, Will Gold, and Carol Shield

Repair of Reinforced Concrete Column Hinges by Polyurethane

JacKeting ..ottt

Filip Manojlovski, Zoran Rakicevic, Arkadiusz Kwiecien,
Aleksandra Bogdanovic, Antonio Shoklarovski, and Angela Poposka

Assessment of Environmental Burden of Natural Disasters by Estimating
CO»-Emissions by Performing Fine-Grained End-to-End Simulations

of Disasters and Economy . ......... ... ... i

Amit Gill, Maddegedara Lalith, Manabu Kawashima, and Akio Kasuga

UHPC in EXiSting StrUCIUIES . .. ...ttt e e

Jan L. Vitek, Lukds Bohdcek, Robert Coufal, and Lukds Vrdblik

Experimental Behaviour of Fastener Strengthened Full Scale T-wall

Under Out-of-Plane Loading . ............ ... i,

S. Cattaneo, P. Crespi, M. Scamardo, and Vafa Navid

xliii



xliv Contents

Curvature Ductility of FRPRC Walls ......... ... ... ... i it 1886
Tvrtko Renic, Tomislav Kisicek, and Ivan Hafner

Understanding the Construction Stage Analysis of Kozlupinar Bridge . ....... 1894
Esra Namli and Sefika Caculi

Application of the Computed Tomography in Structural Engineering ......... 1903
Szymon Grzesiak, Matthias Pahn, René Basters,
and Christoph de Sousa

Sustainable Concrete Infrastructures Rehabilitation: Comparing

Interventions with Multi-criteria Decision Analysis ........................ 1913
Vittoria Borghese, Carlotta Pia Contiguglia, Bruno Briseghella,
Davide Lavorato, Silvia Santini, and Camillo Nuti

Author Index . ......... . . . 1925



q

Check for
updates

Shear Capacity of Hollow Reinforced Concrete
Members without Stirrups Strengthened
with CFRP Sheets
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Abstract. This experimental study aims to determine the shear capacity of hollow
reinforced concrete members without stirrups strengthened with CFRP sheets. The
specimens tested consisted of three control specimens, three hollow specimens,
and three hollow specimens strengthened with CFRP sheets. All specimens are
designed without stirrups to see the contribution of CFRP sheets to strengthened
specimens. The hollow area of the specimens with a hollow is 2.32% of the concrete
cross-sectional area. Three diameters of steel reinforcement (13, 16, and 19 mm)
were used in the specimens to obtain different flexural capacity variations. The test
was carried out using a four-point bending test to achieve the expected internal
force combination. The prediction of flexural capacity was also obtained with
the help of a computer program based on the fiber element method. The test
results showed that all specimens without CFRP sheets failed in shear failure
mode, indicated by large diagonal cracks in the observed shear spans. Specimens
strengthened with CFRP sheets failed in a flexural mode characterized by crushing
of concrete in the compression zone. The prediction of flexural capacity using the
fiber element method shows a pretty good comparison.

Keywords: Shear capacity - CFRP sheets - Four-point bending test - Hollow
reinforced concrete member - Flexural capacity

1 Introduction

Structural members with circular cross-sections are widely used because of some advan-
tages, such as symmetric cross-sections and a relatively high moment of inertia [1-4].
Pipes are often installed in columns, especially in columns with a circular cross-section
[5]. The pipe installed in the column is intended for sanitation and aesthetics. Column
cross sections with holes in the structure will also provide efficiency in material use
[6-8].

The cross-sectional area is a significant variable in the contribution of concrete to
shear resistance [9]. A hollow in the reinforced concrete section can reduce the contri-
bution of concrete to shear resistance. Therefore, ACI 318M-11 requires the maximum
permissible hole area to be 4% of the cross-sectional area [10].
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The updates made to the modern seismic code provision caused the buildings con-
structed before the new code to require an evaluation of their seismic performance.
Following the change in the seismic code provision, weakening the structural elements
due to hollows will provide a high possibility for the decision to strengthen the structure.
This condition requires structural engineers to have good knowledge and experience in
strengthening structures. One of the strengthening methods that is very popular today
is to use CFRP sheets material [11]. Several CFRP sheet installation schemes include
complete wrapping, U-Wrap, and side bonding [12]. CFRP sheets have become very
popular due to many factors, one of which is easy installation and does not require heavy
equipment.

Sudden failure due to shear forces must be avoided in reinforced concrete structures.
This premature failure is usually caused by insufficient shear reinforcement, insufficient
cross-sectional area to withstand shear, and other things that cause a decrease in shear
capacity [13]. This paper studies the behavior and shear capacity of hollow reinforced
concrete structural members strengthened with CFRP sheets.

2 Experimental Study

Experimental studies were conducted to study the behavior and shear capacity of hollow
reinforced concrete structural members strengthened with CFRP sheets. Nine specimens
with circular cross-sections consisting of three control, three hollow, and three hollow
specimens strengthened with CFRP sheets were tested. The hollow area of the specimens
with a hollow is 2.32% of the concrete cross-sectional area. The specimen has a length
of 2300 mm and a cross-sectional diameter of 250 mm (see Fig. 1). Each of the three
specimens was varied with a different reinforcement ratio of 13, 16, and 19 mm with
yield stress values of 427, 492, and 416 MPa, respectively. All specimens were not
installed with transverse reinforcement to determine the contribution of CFRP sheets in
resisting shear forces.

Fresh concrete was ordered from a ready-mix company with a concrete compressive
strength of 40 MPa. Wrapping of CFRP strip with a thickness of 1 mm, a tensile strength
of 986 MPa, and a modulus of elasticity of 230 GPa were installed in two wraps with a
distance of 50 mm for each CFRP strip.

The specimens were tested horizontally with four-point bending, as shown in Fig. 2.
This loading set-up provides a combination of internal forces as occurs in reinforced con-
crete columns in multi-story buildings. Three LVDTs and a load cell connected to a data
logger were installed to measure deflection and load. The load is given monotonically
until the specimen reaches the failure state.

The nominal shear capacity of reinforced concrete sections in this study was calcu-
lated theoretically using the equation proposed in ACI 318-19 [8]. The contribution of
the CFRP strip to shear is calculated theoretically using the equation available in ACI
440.2R-17 [12].
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3 Analytical Study

The flexural capacity of the specimens was obtained from cross-section analysis using the
fiber element method. In this method, the cross-section of reinforced concrete elements
is divided into layers of elements consisting of concrete elements and reinforcement.
The strain distribution is obtained by assuming the curvature value. The stresses in
each concrete and steel element are obtained by following the constitutive laws of each
material. The forces acting on each layer of concrete and reinforcement elements are
obtained by multiplying the area of each element by the corresponding stress. The
equilibrium at the cross-section is then checked with the condition that the sum of the
forces acting on the cross-section must be close to zero or meet certain tolerance criteria.
If the total forces do not meet the tolerance value, the calculation is repeated by setting
a new value for the strain at the neutral axis line. However, if the total forces meet the
tolerance value, the calculation is continued by calculating the moment value at the
cross-section. And the analysis is continued with the next incremental curvature value
until the ultimate condition is reached. The load and deflection values are obtained from
the moment-curvature curves from the previous calculation step. A complete description
of the flexural analysis of reinforced concrete sections using the fiber element method
can be found in the references [15, 16].

4 Test Results and Discussion

The test results show that the first crack in the specimen occurred simultaneously in the
maximum bending moment zone (under load on the left side and above the support on
the right side) with an average value of 23.23 kN. Then with increasing load, the crack
propagated to the observed shear span zone (the zone between the load on the left side
and above the support on the right side) and developed into diagonal cracks. Shear failure
occurred in control specimens and specimens with hollow, which was indicated by the
sudden occurrence of wide diagonal cracks. The difference in shear strength between
control specimens and specimens with a hollow is not significant. It is because the area
of the hole does not exceed the maximum permissible hollow area provided by the code,
which is equal to 4% of the cross-sectional area.

Due to similar failure modes, the crack patterns of the control specimens and spec-
imens with hollow are almost the same, as shown in Fig. 3, where the diagonal crack
dominates the crack pattern. The difference is in the diagonal crack angle, which is the
effect of the longitudinal reinforcement ratio. The higher the longitudinal reinforcement
ratio, the smaller the diagonal crack angle.

Meanwhile, all specimens strengthened with CFRP sheets failed in flexural mode,
indicated by crushing of concrete in the compression zone. Theoretical shear strength,
first crack load, maximum shear load, diagonal crack angle, and identification of the
type of failure of each test specimen are shown in Table 1 below. Failure modes with the
letter S denote shear failure mode and F for flexural failure.
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Flexural cracks dominate the crack patterns in specimens strengthened with CFRP
sheets. Insignificant diagonal cracks were found in specimens with a higher reinforce-
ment ratio. It is due to the higher bending capacity resulting in a higher shear force.
Because these specimens do not use stirrups, it can be proven that CFRP sheets signif-
icantly contribute to resisting shear forces. In the ultimate condition, after the tensile
reinforcement yielding, the concrete of these specimens in the compression zone suffers
crushing, demonstrating flexural failure, as shown in Fig. 3.

Table 1. Theoretical shear strength, test results, and failure mode.

Experimental
Calculated Shear Capacity Calculated -
ACI 318M-19 and Flexural ~ Average load Dgga?lial Max. /;izgi)enj
ACL440.2R-17 Capacity  atfirsterack Load . i b Faile
Specimens ¥, vy v, V., Vo Vo Mode
D &N)  (kN)  (kN) (KN) (KN) (KN) (KN)

SC-1 41,7 41,7 117 57,83 72,3 45° S
SC-2 479 479 189 67,50 87,1 22 S
SC-3 53,7 53,7 227 82,63 84,1 21° S
H-1-1 373 37,3 117 63,13 69,2 26° S
H-1-2 429 42,9 189 26,2 60,97 82,3 24° S
H-1-3 48,1 48,1 227 75,93 91,3 23° S
HR-1-1 417 3098 3514 117 84,97 1243 71° F
HR-1-2 47,9 309,8 357,6 189 77,40 165,1 60° F
HR-1-3 53,7 309,8 3634 227 78,87 198,1 40° F

Figure 4 shows the shear force vs. deflection of the test results throughout the spec-
imen. The control specimens and specimens with hollow curves show sudden brittle
failure due to shear. In contrast, all specimens strengthened with CFRP sheets show
plastic deformation due to the longitudinal reinforcing steel reaching its yield stress
value. The test curves clearly show the effect of the longitudinal reinforcement ratio
on the stiffness and capacity. Specimens with a higher longitudinal reinforcement ratio
exhibit higher stiffness and capacity.
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Figure 5 shows the load and deflection curves, the theoretical capacity (Vc), and
the analytical predictions of the tested specimens. The dotted line show the theoretical
contribution of concrete in resisting shear (Vc), calculated by ACI 318-19. It can be
seen that the shear strength of the specimen that failed to shear was higher than that
line. It proves that the Vc value of ACI 318-19 is conservative compared to the results
obtained in this study. Comparison of the analytically obtained flexural capacities of
the specimens with the test results shows good predictions for specimen with a low
longitudinal reinforcement ratio. A slight difference occurs in the specimen with a higher
reinforcement ratio due to higher shear force.



1224

R. Thamrin et al.

240 240
220 220
200 200
~180 ~180
2160 2160 -
8140 8140 +—
8 8
=120 = / =120
£100 ra g100 1
2 < | d v
E i e /[ solid V
@ 80 1/ / setiave @ 80 7 onave
60 / 60
40 ./;[----------- E ---J1:--- 40 -'/—-=
20 §. / Hollow Ve 20 , Hollow Ve
0 ' 1 0 +
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Deflection (mm) Deflection (mm)
—sc1 H-l-l  =———HR-l1 —sC2 ——H-1:2 HR-1-2
===VcSolid === YVcHollow Analytical —==VcSolid +reeee Ve Hollow Analytical

(a) Longitudinal reinforcement diameter of 13

240
220
200
~180
éléo ——1—
8 140
= 120
£100
S 80 ! Solidve |
60 r.[------------#---l*---
40 :,7---------- ---------
20 / \ Hollow Ve |
oL | b
0 5 10 15 20 25 30
Deflection (mm)
—_—sC3 H-1-3 HR-1-3
===VcSolid === VcHollow Analytical

(b) Longitudinal reinforcement diameter of 16

(¢) Longitudinal reinforcement diameter of 19

Fig. 5. Load-deflection curves, theoretical capacities (Vc), and analytical prediction of the tested
specimens.

5 Conclusions

Nine specimens were tested, and the results are presented in this paper. Some conclusions
that can be written from the results of this study are as follows:

— Control specimens and specimens with hollow failed in brittle shear, which is
indicated by the sudden occurrence of diagonal cracks.

Specimens strengthened with CFRP sheets failed in ductile flexural type, which is
indicated by the occurrence of yielding in the longitudinal reinforcement and crush-
ing of concrete in the compression zone. It proves that CFRP sheets contribute
significantly to resisting shear forces.

Analytical predictions show a good approximation for specimens with low longitu-
dinal reinforcement ratios. Still, there is a slight difference in specimens with higher
reinforcement ratios due to higher shear forces, which cause shear behavior to be
more dominant in the specimens.
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