LL

EDITORIALBOARD

Editor and Regional Editor
Jodo Ramba Correia
(Europe and Africa)

Regional Editors

Martin No&l (America)
Qian-Qian Yu (Asia)
Rebecca Gravina (Oceania)

IIFC EXECUTIVE COMMITTEE

President

Amir Fam, Queen’s University,
Canada

Senior Vice-President

Tao Yu, The Hong Kong
Polytechnic University, Hong
Kong, China

Vice-Presidents

JodoR. Correia, University of
Lisboa, Portugal

Raafat El-Hacha, University of
Calgary, Canada

Secretary

Rebecca Gravina, The University
of Queensland, Australia

Treasurer

Martin Noél, University of
Ottawa, Canada

Webmaster

Jose Sena-Cruz, University of
Minho, Portugal

Members-at-Large

Qian-Qian Yu, Tongji University,
China

Elyas Ghafoori, Leibniz
University Hanover, Germany
John Myers, Missouri University
of Science and Technology, USA
Cristina Barris, University of
Girona, Spain

www.IIFC.org

FRP INTERNATIONAL

The official newsletter of the International
Institute for FRP in Construction

VOL. 21, NO. 1, FEBRUARY 2024

Best PhD
Thesis Award
2023

Case Study

Fontanamare-
Gonnesa bridge
First hybrid bridge in EU

Meet the People

Prof.
Thomas Keller

Page 20

Fiber Reinforced Polymer
(FRP) Composites
in Structural Engineering

Page 31

©2024 1IFC - International Institute for FRP in Construction ' Vol. 21, No. 1, February 2024


https://www.iifc.org/

EDITORIALBOARD

Editor and Regional Editor
Joéo Ramba Correia
(Europe and Africa)

Regional Editors

Martin Noé&l (America)
Qian-Qian Yu (Asia)
Rebecca Gravina (Oceania)

IIFC EXECUTIVE COMMITTEE

President

Amir Fam, Queen’s University,
Canada

Senior Vice-President

Tao Yu, The Hong Kong
Polytechnic University, Hong
Kong, China

Vice-Presidents

Jodo R. Correia, University of
Lisboa, Portugal

Raafat El-Hacha, University of
Calgary, Canada

Secretary

Rebecca Gravina, The University
of Queensland, Australia

Treasurer

Martin Noél, University of
Ottawa, Canada

Webmaster

Jose Sena-Cruz, University of
Minho, Portugal

Members-at-Large

Qian-Qian Yu, Tongji University,
China

Elyas Ghafoori, Leibniz
University Hanover, Germany

John Myers, Missouri University
of Science and Technology, USA

Cristina Barris, University of
Girona, Spain

Table of Contents

MESSAGES 3
Message from the Editor 3
IFC NEWS 4
IIFC Events 4
Invitation to APFIS 2024, Adelaide, Australia 4
Invitation to CICE 2025, Lisbon, Portugal 6
Invitation to FRPRCS-17 2026, Girona, Spain 7
IIFC Business 8
Voting for FRPRCS-17 8
New [IFC Advisory Committee 8
Call for Photo Competition 9
IIFC Best PhD Thesis Award 2023 10
Fire behaviour of concrete structures reinforced with GFRP bars 10
Hybrid Glulam-FRP Beam with Improved Fire Performance 14
Fracture behaviour of pultruded GFRP profiles: application
to web-crippling phenomen 17
MEET THE PEOPLE 20
Prof. Thomas Keller 20
COMPOSITES AROUND THE WORLD 23
Research 23
Performance of FRP-Repaired Steel Pipelines after Long-Term Exposure
to Salt-Spray Environment 23
Industry 27
Case Study: Fontanamare-Gonnesa bridge. The first hybrid bridge in Europe.
Gonnesa, Italy ryj
Education 31
TUDelft, Fiber Reinforced Polymer (FRP) Composites
in Structural Engineering - FRPx 31
PUBLICATIONS 34
ASCE Journal of Composites for Construction - Recent issues 34



lIFC.org

FRP INTERNATIONAL

The official newsletter of the International Institute for FRP in Construction

Vol. 21, No. 1,
February 2024

Message from the Editor

It gives me great pleasure to present to you the cur-
rent edition of FRP International. Inside, you'll discover
invitations to upcoming conferences, namely APFIS
2024 (Adelaide, Australia), CICE 2025 (Lisbon, Portu-
gal), and FRPRCS-17 2026 (Girona, Spain). Addition-
ally, areminder to participate in the latest edition of
the Photo Competition, with the submission deadline
extended to March 31, 2024, awaits you.

This issue also features extended abstracts of the
three finalists of the IIFC Best PhD Thesis Award 2023:
Inés Rosa (winner), Abdulrahman Zaben (runner-up),
and Lourenco Almeida Fernandes (runner-up). Beyond
showcasing the exciting research of these young
researchers, you are encouraged to explore their
recommendations for future research.

In the “Meet the People” section, Prof. Thomas Keller,
a leading specialist in the field, shares insights into his
main research achievements, heavily influenced by his
involvement in various practical projects, and offers
guidance to the younger generation of researchers.

Feel free to reach out to one of our
editors with your ideas!

Prof. Jodo R. Correia
Lisbon University
Portugal

The “Composites around the World” section offers
three compelling articles: an overview of an applied
research project focusing on the use of FRP com-
posites in repairing steel pipelines for offshore oil
and gas applications; a case study detailing a hybrid
vehicular bridge in Italy, incorporating GFRP rebars
and prestressed steel reinforcement; and an over-
view of the innovative online course “FRPx’, offered
at TUDelft. This last article marks the inception of our
new subsection “Education,” dedicated to showcas-
ing educational initiatives in the field of composites,
which are crucial for ensuring their widespread and
safe application in civil engineering.

© 2024 1IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 3



FRP INTERNATIONAL

The official newsletter of the International Institute for FRP in Construction

lIFC Events

Invitation to APFIS 2024, Adelaide, Australia

The Ninth Asia Pacific Conference on FRP in Structures
(APFIS 2024), will be held in Adelaide, Australia, 8-11
December 2024. APFIS 2024 is jointly hosted by The Uni-
versity of Adelaide and University of South Australia.

APFISis an international conference series that is sup-
ported by the International Institute for FRP in Construc-
tion (IFC). It is relevant to researchers, academics,
students, manufacturers, consultants, contractors and
policy makers. Its aim is to showcase research, develop-
ment and application of fibre-reinforced polymer (FRP)
composites in the built environment.

The inaugural APFIS conference was held in Hong Kong in
2007. Since then, it has been held in Seoul, Korea (2009),
Hokkaido, Japan (2012), Melbourne, Australia (2013),
Nanjing, China (2015), Singapore (2017), Gold Coast,
Australia (2019), and Shenzhen, China (2022, online).

SCHEDULE

APFIS 2024 will contain a variety of technical and social
activities. On the technical front, there will be keynote
presentations, panel sessions, general session presen-
tations, workshops, and site visits. There will also be
special issues containing selected conference papers
published by Journal of Composites for Construction
and Advances in Structural Engineering. There will also
be Best Paper Awards presented. On the social front,
there will be a welcome reception, conference banquet
as well as ample opportunities to network with col-
leagues and friends.

The conference will be held at the Hilton Adelaide
Hotel (www hilton.com/en/hotels/adlnitw-hilton-
adelaide) in the picturesque city of Adelaide,
Australia. Delegates (and accompanying partners)
are invited to spend time exploring the city and
surround. The banquet will be held at the iconic
Adelaide Oval (www.adelaideoval.com.au/adelaide-
oval-functions-events).

Time of Day Activiy

Sunday, 8 December 2024 Evening

Morning
Monday, 9 December 2024
Morning and Afternoon
Morning and Afternoon
Tuesday, 10 December 2024
Evening
Morning and Afternoon

Wednesday, 11 December 2024
Afternoon

KEY DATES

First Announcement and Call for Abstracts
Submission of Abstracts for Review Deadline
Abstract acceptance

Submission of Papers for Review Deadline
Submission of Camera-Ready Papers Deadline

Conference

Welcome Reception
Opening Ceremony

Hilton Adelaide
Technical Sessions
Technical Sessions
Banquet Adelaide Oval
Technical Sessions

Hilton Adelaide
Closing Ceremony

October 2023

15 February 2024
Rolling basis

1June 2024

1 September 2024
8-11 December 2024

© 2024 1IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024
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Invitation to APFIS 2024, Adelaide, Australia

LIST OF TOPICS « Smart FRP structures

- New FRP materials/systems/techniques

+ Inspection and quality assurance

« Durability and long-term behaviour

« Fire performance

« Life-cycle performance, longevity and sustainability

+ Design codes and guidelines

« Case studies and practical applications

+ Performance of FRP under extreme loading

+ Green and natural composites

+ Additive manufacturing

+ Floating and offshore structures

- Space (extra-terrestrial) structures

+ Health monitoring and quality control related to
FRP systems

The following is a non-comprehensive list of key topics
covered by the conference.

.

Materials and products: properties, tests and standards
Bond behaviour

Confinement

Strengthening of concrete, steel, masonry and
timber structures

Seismic retrofit of structures

- Concrete structures reinforced or pre-stressed
with FRP

Concrete filled FRP tubular members

 Hybrid FRP structures

« AllFRP structures

.

.

.

.

.

CONFERENCE CHAIRS AND CONTACT INFORMATION Chair
- Prof. Scott SMITH
Please address all enquiries to apfis2024@adelaide.edu.au. The University of Adelaide
In addition, please visit the conference website for additional
information: https:/set.adelaide.edu.au/apfis2024
The website also contains information for sponsorship
opportunities. You are very welcome to Adelaide and we chai
air

look forward to seeing you at APFIS 2024.
Prof. Yan ZHUGE

University of South Australia

Chair
Dr. Jun-Jie ZENG
University of South Australia

Chair
Dr. Tafsirojjaman
The University of Adelaide

d

On behalf of the organising committee, we
offer you a very warm welcome to Adelaide and
we look forward to seeing you at APFIS 2024.

lIFC.org © 2024 IIFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 5
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Invitation to CICE 2025, Lisbon, Portugal

The 12th International Conference on FRP Composites
in Civil Engineering (CICE 2025) will be held in Lisbon,
Portugal, in 14-16 July 2025. The CICE 2025 will be jointly
organized by the University of Lisbon, the National Labo-
ratory of Civil Engineering and the University of Minho.

Figure 2. Torre de Belém, Lisbon.

The conference will take place at the campus of Tecnico
(Figure 1), University of Lisbon, located in the heart of
Lisbon (Figures 2 and 3).

You will find a city that is full of history, is safe and
friendly, and has excellent climate and gastronomy.

Alongside the scientific programme, an exciting social
programme will be organized, so that participants can
enjoy a wonderful city resort just next to Lisbon (Figure 4).

Further information is available in the
conference website:

We look forward to welcoming you in Lisbon -
SAVE THE DATE!

CICE2025 July 14-16, 2025 - Lisbon, Portugal

12 International Conference on
Fiber-Reinforced Polymer (FRP)
Composites in Civil Engineering

Figure 4. Palacio da Pena, Sintra.

lIFC.org

Figure 5. Website of CICE2025.

© 2024 1IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 6
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Invitation to FRPRCS-17 2026, Girona (Barcelona), Spain

Associate Prof. Cristina Barris (University of Girona, FRPRCS-17 will reflect the state-of-the-art on the use
Spain), together with Professors Eva Oller (Technical of FRPs as reinforcing solution for new and existing
University of Barcelona, Spain), Antoni Cladera (Universi- concrete and masonry structures and provide a stimu-
ty of Balearic Islands, Spain) and Associate Prof. Maurizio lating international forum for researchers, practitioners,
Guadagnini (The University of Sheffield, UK), manufacturers, asset managers and representatives

of standardization committees to showcase the latest

On behalf of the organizing committee and the Interna- ) )
advancements in the field and set future trends.

tional Institute for FRP in Construction (IIFC),

We would like to invite you'to the 17th International Sym_ 17" International Conference on Fibre-Reinforced Polymers for Reinforced Concrete Structures
posium on Fiber-Reinforced Polymer (FRP) Reinforce- (FRPRCS-17)

ment for Concrete Structures (FRPRCS 2026) to be held
in Girona, Spain, in July 2026.

FRPRCS is the longest running conference series on the
application of FRP in civil construction. FRPRCS com-
menced in Vancouver in 1993, and has travelled to Ghent
(1995), Sapporo (1997), Baltimore (1999), Cambridge
(2001), Singapore (2003), Kansas (2005), Patras (2007),
Sydney (2009), Tampa (2011), Guimaraes (2013), Nanjing
(2015), Anaheim (2017), Belfast (2019), Shenzhen
(2002), and will be held in New Orleans in 2024.

e
University

Of
Sheffield.

We look forward to welcoming you in Girona, Spain, during FRPRCS-17
and fostering proactive discussions amongst participants.

lIFC.org © 2024 1IFC - International Institute for FRP in Construction I Vol. 21, No. 1, February 2024 7
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IIFC Business

FRPRCS-17 (2026)

The IIFC Executive committee received a total of 5 ex-
cellent proposals to host the FRPRCS-17 Conference in
2026. The origins of the proposals were from Germany
(2 separate applications), Italy, Spain, and Australia.

The ExCom considered all proposals carefully and
decided to shortlist three to present their pitch for
hosting the FRPRCS via zoom to all IIFC council mem-
bers for voting.

New IIFC Advisory
Committee

Anew IIFC Advisory Committee (AC) was recently
elected. The following members will serve for a
six-year term:

Emanuel Ferrier
Universite de Lyon,
France

Riadh Al-Mahaidi
Swinburne University of
Technology, Australia

Charles E. Bakis
Pennsylvania State University,
USA

Jin-Guang Teng
The Hong Kong Polytechnic
University, China

Vol. 21, No. 1,
February 2024

Following the voting process we are pleased to an-
nounce the FRPRCS-17 conference in 2026 will be
hosted by Spain: Cristina Barris (University of Girona),
Eva Oller (Polytechnical University of Catalonia), Antoni
Cladera (University of Balearic Islands).

Congratulations to Cristina, Eva and Antoni, we look
forward to joining you in Spain in 2026 for FRPRCS-17.

Scott Smith
University of Adelaide,
Australia (Chair of AC)

Thanasis Triantafillou
University of Patras,
Greece

Jian-Fei Chen
Southern University of Sci-
ence and Technology, China

Renata Kotynia
Technical University of Lodz,
Poland

Zhishen S. Wu
Ibaraki University & Southeast
University, Japan & China

© 2024 1IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 8
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Call for Photo Competition

The International Institute for FRP in Construction
is pleased to announce the 2023-2024 Annual
Student Photo Competition! The competition is
open to all lIFC student members (a $25 student
membership fee applies to non-members).

All current undergraduate and graduate students
are welcome to join IIFC and encouraged to par-
ticipate in the competition.

CONTEST RULES

Submit one high-resolution photograph depict-
ing FRP composites along with a title and brief
description before March 31 2024. All photos re-
lated to FRP for construction are eligible, including
(but not limited to) manufacturing, testing, and
application. You must own the rights to any photo
submitted to the competition. By participating in
this competition, you are granting permission to
IIFC to use your photo on their website, publica-
tions, and promotional material.

lIFC.org

CRITERIA

All photos will be evaluated according to the following
equally-weighted criteria:
- Aesthetic quality
+ Unigueness/originality
- Highlighting an innovative feature or application of
FRP composites

JUDGING

All photos will be evaluated by the international jury
listed below. Public voting will determine the People’s
Choice Award.

JURY MEMBERS

- Prof. Martin Noél, University of Ottawa, Canada

+ Prof. José Sena Cruz, University of Minho, Portugal
- Prof. Jogo Correia, University of Lisbon, Portugal

- Prof. Qian-Qian Yu, Tongji University, China

PRIZES

Competition results will be announced by April 30, 2024.
All finalists will be featured in a Special Photo Issue of
FRP International, the official newsletter of IIFC. The fol-
lowing cash prizes will also be awarded:

« 1st place: $500 USD

+ 2nd place: $300 USD

« 3rd place: $200 USD

« People’s Choice: $200 USD

SUBMISSIONS

To submit your photo fill in a Google Forms
accessible through the IIFC website:

www.iifc.org/awards

© 2024 1IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 9
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WINNER
Title of the thesis: Fire behaviour of concrete
structures reinforced with GFRP bars
Author: Inés C. Rosa — . .
Institution awarding the degree: Instituto
Affiliation: Civil Engineering Research and Innovation Superior Técnico, University of Lisbon, Portugal
for.Sust.ainabiI.ity (CERIS), Instituto Superior Técnico, Supervisors: Dr. Jo3o P Firmo, Dr. Jodo R. Correia,
University of Lisbon, Portugal Dr Mério R. T. Arruda
Email: ines.rosa@tecnico.ulisboa.pt Year of completion: 2022
INTRODUCTION (a) SC bar (b) RB bar (c) RBP bar
The use of glass fibre reinforced polymer (GFRP) bars is
becoming increasingly considered for reinforced con- e g ——— e
crete (RC) structures such as bridge decks or maritime Nand coated with &?‘fﬁg‘ﬁ]’iwrap e 12 mm Ribhed
i i i i i Straight b: Straight b: Straight and 90° bent b
structures, where fire is not typically a primary design Tgfj gs oéfrdz 374G Tgfj %57 acf T 400°C Tg’j 519041'2:’ T 367'10(:“3

requirement.

Figure 1. GFRP bars tested in the study.

On the other hand, the adoption of GFRP reinforcement in
buildings is still not common, mainly due to concerns and
lack of information and guidance regarding fire design.

METHODS AND KEY FINDINGS
However, and despite the relevance of the subject, few

studies had comprehensively investigated the conse- The research developed in the first domain provided a
quences of the severe degradation with temperature of wealth of new experimental results which were scarce
the bars’ mechanical properties and bond to concrete (or inexistent) in the literature. The extensive campaign
on the fire endurance of GFRP-RC structural members. performed, comprising a total of 117 tensile tests, al-

lowed to extend the existing database of data regarding
the tensile strength and elastic modulus of GFRP bars
up to 715 °C (Figure 2).

The main objectives of the thesis were to improve
the knowledge about the fire behaviour of concrete
members reinforced with GFRP bars, and to propose
guidelines for fire design, complementing the (limited) The results obtained now comprise a wider range of
recommendations available in GFRP-RC building codes. temperatures likely to be attained during the event of
a fire, data which was needed to improve the precision
of numerical models simulating the fire behaviour of
GFRP-RC members, and to define critical temperatures
for GFRP bars.

A comprehensive assessment of the topic was made
by means of experimental, numerical and analytical
methodologies in the following three complementary
domains: (i) thermophysical and mechanical charac-
terization of GFRP bars at elevated temperature; (ii)
bond behaviour of GFRP bars in concrete at elevated 12

o
=

o

= T [ew o Ten Jew
temperature, and (iii) fire behaviour of GFRP-reinforced § 10700, HEr ol I RPN gBass oRBDD
. e 96 O RBP-S 3 3 O RBP-S
concrete slabs. In each of these domains, the study @ 08 ] § 08y e M
i = 00,0 = °
compared the performance of different types of GFRP 50 e 54 §°°
. . - - 4
rebars, presenting different surface finishes (sand B >3 i~
. . ) . g 02 g 0.2
coated and different types of rib profiles), diameters E — o £ —,
0.0 T T T T T T T Z 00 T T T T T T T
and geometries (straight and 90° bent bars) (Figure ‘|) 0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
’ Temperature [°C] Temperature [°C]

Figure 2. Normalized (a) tensile strength and (b) tensile modulus of
GFRP bars as a function of temperature (normalization with respect to
20°C, ambient temperature) ; comparison with data from the literature

lIFC.org © 2024 IIFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 10
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(a)
Pl T[] gl]p ¢ [ER
o iy @ RBF-S (T,=104°C) o oy % ° "
. . 7 e § © 5C (T,=98°C) 3 @ p ’F‘
With respect to the second domain, the GFRP-concrete 2 3 N é H
bond behaviour at elevated temperatures, a total of g 06 s ERRa e 5 i | | |
121 pull-out tests were performed to quantify the bond g 04 % $ L E 40 1 . ‘
strength and stiffness degradation with temperature g o2 . . . ° g 20 e
(up to 300 °C) of GFRP bars with different surface E 00 — < 0 § o |
z

finishes, diameters, geometries and embedment
lengths in concrete (Figure 3).

Bond stress, r [MPa]

2 3
Slip, 5 [mm)]

The numerical calibration of temperature-dependent
local bond laws for the different bars (Figure 4a),
describing their full bond stress vs. slip response, is one
of the most relevant research contributions, as these
laws were absent in the literature and are needed to
accurately simulate the behaviour under fire exposure
of GFRP-RC members.

The numerical simulations of the bond behaviour

(b)

Figure 4. (a) Example of local bond stress-slip laws calibrated for straight ribbed bars;
(b,c) numerical modelling of pull-out tests of straight and 90° bent bars.

E

o

0

50

100 150 200 250 300 350
Temperature [°C]

0

50 100 150 200 250 300 350
Temperature [°C]

Figure 3. (a) Normalized average bond strength as a function of temperature of straight
GFRP bars with different surface finishes and diameters; (b) maximum pull-out load of
straight and 90° bent bars as a function of temperature

Initialty
embedded
length

l

laws, allowed to model the relatively complex GFRP-
concrete interaction at elevated temperatures,
especially concerning the behaviour of bent GFRP
reinforcement, which had not yet been simulated at
high temperatures.

Parametric studies were also conducted, based on
which the development lengths required to anchor
straight and bent GFRP bars in RC beams and slabs

Vol. 21, No. 1,
February 2024

(Figure 4b and Figure 4c), by means of finite element
(FE) models explicitly considering the above-mentioned

were defined as a function of temperature - this is very
useful for the purpose of designing GFRP anchorages.

lIFC.org
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Regarding the third domain, the thesis provided an MAIN CONCLUSIONS
in-depth understanding of the fire behaviour of RC
slabs comprising GFRP reinforcement and brought new
insights about the importance of several construc-
tive details to the fire resistance of these structural
members, most of which are not yet covered by current
GFRP-RC building codes. In a first stage, fire resistance
tests were performed in loaded GFRP-RC slab strips
subjected to the ISO 834 standard fire curve (Figure 5).

The conclusions obtained from this thesis allowed to
confirm preliminary results of recent studies which
proved that, in spite of the high vulnerability of GFRP
bars to elevated temperatures, GFRP-RC slabs can
endure over 3 hours of fire exposure with considerably
lower concrete covers than those recommended in
existing FRP-RC design codes (namely CAN/CSA S806-
12), provided that the bars remain well anchored in cool
zones of the structure. If this requirement is fulfilled,
failure is governed by the tensile strength of the bars at
very high temperatures, well above their glass transition
temperature (Tg) (Figure 6a).

(a)

Load It beam

Displacement

transducers Insulation module

Load application [N

point Slab strip

Slab
support

Moreover, it was shown that the progressive and severe
bond degradation of the GFRP bars with temperature
must be considered in the design of both cold anchor-
age zones and lap splices, aiming to prevent premature
debonding failures when the bars’ temperature increases
above their T, (Figure 6b).

Furnace

% | Suspended
concrete
weight

NP~

Figure 5. Fire resistance tests setup.

(a)Slab with continuous bars

Atotal of 21 slab strips comprising different materials
and detailing configurations were tested to evaluate
the influence of the following parameters on their fire
behaviour: (i) concrete cover thickness; (i) presence
of straight- or 90° bent tension lap splices directly
exposed to fire with different overlap lengths; (ii) pres-
ence of “cold” anchorage zones; (iv) type of GFRP bars
(with different surface finishes and diameters), and

(v) concrete strength. In a second stage, 3D FE models
were developed to simulate the thermomechanical fire
behaviour of the GFRP-RC slab strips, and to assess

in further detail the fire behaviour of GFRP-RC flexural
members, particularly with respect to lap splices and

anchorage zones.

The temperature-dependent thermophysical and ' Yo T 2 Ve !
mechanical properties of the bars and concrete were L ge-ﬂl A
implemented in the models, and the GFRP-concrete < %ﬁ‘, :

interaction was modelled through the local bond laws
(independently) calibrated for different temperatures.
Based on the experimental and numerical results
obtained, design recommendations were drafted con-
cerning (i) the appropriate location and length of ten-
sion lap-splices and end anchors, (i) the potential of
using bent reinforcement in the ends of splicing bars to
improve the slabs’ fire resistance, and (jii) the possibil-
ity of adopting lower concrete cover thicknesses than
those currently prescribed in current design guidelines,
without compromising the fire endurance, thus leading Figure 6. Failure modes of slabs exposed to fire: (a) tensile rupture of

to more economic (and sustainable) designs. reinforcement (midspan section) in slabs with continuous bars, occurring
after 2to 3 hours of fire exposure; (b) slippage of overlapped bars in slabs with

straight-end lap splices, occurring within less than 30 minutes of fire exposure.

lIFC.org © 2024 1IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 12
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In this regard, the adoption of bent bars was proven to be

beneficial to decrease the cold end anchorage lengths,

as well as to significantly improve the bond behaviour in
splicing zones, thus increasing the slabs'’ fire resistance
(Figure 7).

The results obtained in this study may contribute to im-
prove existing design guidelines for FRP-RC structures,
which currently provide insufficient and overconserva-
tive recommendations for their fire design. Ultimately,
the findings of this study will also promote a safer, and
more economic and sustainable use of FRP reinforce-
ment in civil engineering applications.

FUTURE DEVELOPMENTS

Characterize the thermal conductivity and specific
heat of FRP bars at elevated temperatures;

Characterize the mechanical properties of FRP bars,

in both the longitudinal and transverse directions
(emphasis on the thermal expansion coefficients
and shear properties), over a broad temperature
range, and considering both steady-state and
transient-state conditions;

Investigate the bond behaviour of bent FRP rein-
forcement at elevated temperature, by means of
pull-out and beam tests, to assess the influence
of different bar configurations, surface finishes,
confinement conditions and gradient temperature
distributions;

Investigate, through experimental and numerical
studies, the influence of the following features in
the fire endurance of FRP-RC structural members:
geometry of hooks in insulated anchorage zones
and lap splices location of splicing zones; bar diam-
eter; axial restraint; type of loading, and concrete
strength;

(a) Slab with bent-end splices (side view)

(c) Splice end

7R B -
. - Rebar slippage’in ’.;1 .
lap splice when T=T, ¥~ " s

Figure 7. Failure of slab with 90° bent-end lap splices after 75 min of fire
exposure, due to slippage of overlapped bars.

 Develop parametric studies to investigate the fire

behaviour of FRP-RC members with arbitrary geom-
etry, detailing and concrete cover, aiming to propose
detailed recommendations with respect to the de-
sign of: (i) thermally insulated anchorage zones; (i)
length, geometry and positioning of lap splices; (iii)
definition of critical temperatures for reinforcement,
and (iv) minimum concrete cover required for a given
fire resistance rate;

Evaluate the residual (post-fire) behaviour of FRP-RC
structural members, together with the data of the
residual tensile and bond properties of FRP rebars, to
assess the feasibility of repair after fire exposure.
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lIFC Best PhD Thesis Award 2023

RUNNER-UP

Author: Abdulrahman Zaben

Affiliation: The University of Queensland

Email: a.zaben@uqg.edu.au

INTRODUCTION

The application of timber as a load-bearing structural
material, especially in tall buildings, has traditionally
raised concerns about its performance during and after
a fire. Of particular relevance to the performance of
mass timber construction during a fire, the reinforce-
ment of timber and Glulam beam elements by using
Fibre Reinforced Polymer (FRP) to create Hybrid Glulam-
FRP (HGF) beams have been reported to be signifi-
cantly stronger and stiffer in bending than unreinforced
elements of equal size.

In essence, FRP with a relatively higher residual capacity
at elevated temperatures, compared to timber, compen-
sates for timber's loss of strength and stiffness at el-
evated temperatures or even when charring during a fire.

This is a shift in how FRP materials are currently con-
strained in load-bearing applications where structural
integrity must be maintained during or after a fire. This
study explores various HGF beam prototypes, predomi-
nantly utilizing Carbon FRP (CFRP) reinforcement in
tension and compression zones. Innovative rational-
ized fabrication techniques were conceived aiming to
achieve a balance between the industrial manufactur-
ing requirements and the structural performance of the
hybrid beams at normal ambient conditions and during
or after a fire. While the timber-FRP combination isn't
novel, the stud on how hybrids of this nature can en-
hance fire performance without adding much complex-
ity to manufacturing procedures.

Title of the thesis: Hybrid Glulam-FRP Beam with
Improved Fire Performance

Institution awarding the degree: The University
of Queensland

Principal Supervisor: Dr Cristian Maluk, The
University of Queensland, Australia | Semper,
London, UK

Associate Supervisor: Joseph M. Gattasa, The
University of Queensland, Australia

Year of completion: 2023

Overall, this study offers insights into the load-bearing
capabilities of prototype HGF beams, demonstrating
enhanced strength and serviceability. The findings
encourage considering FRP (and other manmade
materials) in conjunction with timber to bolster load-
bearing timber floor systems, potentially introducing
these hybrid systems at an industrial scale with minimal
impact (temporal and/or economical cost) on current
laminated timber manufacturing processes.

MANUFACTURING DETAILS

The study’s core objective was to develop HGF beams with
improved strength and serviceability, considering both
ambient and fire conditions. The challenge lay in efficiently
combining reinforcement materials while protecting them
from fire effects without altering timber aesthetics.

The Fabrication techniques aimed to modernize the
manufacturing of the HGF beams by:

1. Replacing epoxy, as a bonding agent between
Timber and FRP, with conventional timber adhesives
like Polyurethane or Phenol Formaldehyde, avoiding
manufacturing complexities and long-term incom-
patibility.

2. Avoiding surface installation of FRP reinforcement to
prevent rapid heating and preserving the exposed
timber's aesthetics.

3. Addressing debonding between timber and FRP due
to adhesive softening at high temperatures.
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CFRP reinforcements, fabric or strips, were integrated =
within or between timber lamellas during the Glulam [”'[ [\(-
lamination process. This approach didn't significantly \ﬁl
complicate typical Glulam manufacturing processes. The
iterations of this technique are visualized in Figure 1and
Figure 2.

'CFRP Strips.

CFRP Stnips

» Timber
lamella

FRP

Figure 1. Method of reinforcing glulam beams using CFRP fabric secured
around an internal timber lamella.

Figure 2. Method of reinforcing glulam beams using CFRP strips
embedded in between timber lamellas.

EXPERIMENTALMETHODOLOGIES

The experimental program aimed to determine HGF
beam bending strength and stiffness under normal
ambient conditions, residual strength post-heating and
cooling, and their behaviour during exposure to fire. This
investigation encompassed various parameters: beam
depth, reinforcement ratio, position, heating conditions,
and charring depth.

Four-point bending tests were conducted in compliance
with ASTM D198-15 standards. To ensure precise as-
sessments, all beams were tested inverted, with loading
points and the compression side from the bottom and
supporting points and tension side from the top (as

illustrated in Figure 3). This orientation mitigated flame | L :
effects on the remaining timber section, ensuring en- & | ‘ ; », P

hanced repeatability and facilitating clear Digital Image e Rt
. . Insulation board with - DIC (other side)
Correlation (DIC) analysis. posure window I

Y
i —»

=
raction hood

During transient experiments, the beams' soffits were @ _ st — |
exposed to top-mounted radiant panels to receive R ]
a fixed incident heat flux. To maintain consistency,
adequate cold anchorage zones were provided on each
side of the beam.

|

Figure 3. A beam undergoing four-point bending within a self-reacting frame, subjected to top-
mounted radiant panels during a transient bending experiment - UQ Fire Laboratory.
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RESULTS AND DISCUSION

The load-deflection behaviour of both Glulam and
Hybrid Glulam-FRP (HGF) beams, tested under normal
and fire-exposed conditions, demonstrated notable
enhancements in bending capacity and stiffness owing
to the presence of CFRP reinforcement.

Findings highlighted that HGF beams exhibited
amplified bending moment capacity and stiffness,
showcasing up to a 47% increase in strength under
normal ambient conditions and a remarkable 56%
enhancement in residual conditions post-fire exposure.
Notably, when subjected to heating during loading, HGF

beams exhibited over a 175% increase in time-to-failure.

This improvement primarily resulted from two key
factors: the consistent mechanical properties of the
CFRP reinforcement unaffected by current heating
levels, and the partial thermal insulation provided by
CFRP strips to the internal timber section, leading to
less charring depth compared to Glulam beams after
similar heating durations.

The presence of CFRP strips within the timber beams
did not yield any detrimental effects. Notably, there
was no occurrence of delamination between lamellas,
indicating the system behaved as a composite
structure. Additionally, no instances of relative slippage
or debonding were observed between the timber and
CFRP strips. Even in cases of sudden explosive failure
in the tension region of some beams, the CFRP strips
remained intact and did not peel off.

Consequently, the HGF beams showcased the
structural contributions of FRP reinforcement, resulting
in superior ultimate bending strength and stiffness for
HGF beams compared to control Glulam beams under
ambient and fire conditions.

CONCLUSIONS

The research aimed to modernise the manufacturing
of Hybrid Glulam-FRP (HGF) beam by focusing on
several main aspects. New techniques focused on
using conventional timber adhesives, like Polyurethane,
to bond Fibre Reinforced Polymer (FRP) with timber,
embedding the FRP reinforcement within laminated
timber elements to allow their protection from direct
fire exposure, and strategically placing reinforcements
to prevent debonding and slippage between timber
and FRP. These innovations aim to achieve a faster,
more efficient fabrication process while minimizing
manufacturing disruptions.

Experimental studies investigated HGF beams'
structural fire performance under various conditions.
The outcomes offer critical insights into the interplay
between structural design, fire resilience, and
manufacturing considerations. Incorporating CFRP
reinforcement within timber significantly enhanced
Glulam beams' bending behaviour, maintaining
structural capacity and stiffness under normal ambient
conditions and during or after a fire. Parameters such
as beam depth, reinforcement ratio, position, heating
conditions, and charring depth were examined.

The transient and residual bending capacity of HGF
beams during or after a fire showed the substantial
contribution of CFRP reinforcement to their strength
and stiffness, especially with adequate cold anchorage
zones on each side of the beam. No adverse effects,
such as delamination or debonding, were observed
between the CFRP strips and Glulam beams, affirming
the effectiveness of this integration.

RECOMENDATIONS FOR FURTHER RESEARCH

To maximize the utility of hybrid Glulam elements
in the modern construction industry, mainly if HGF
elements are intended to be used in situations
where fire considerations must be addressed,
further research in several areas is essential to
address future exploration which include:

+ Development of analytical or numerical
models to predict the flexural behaviour of
the HGF beams, including ultimate moment
capacity and stiffness at ambient conditions

and the bending capacity during or after a fire.

To better understand the performance of
HGF beams when fully exposed to fire, more
experiments need to be done at different
thermal boundary conditions. For example,
exposing the whole beam span to fire and
exposing several sides of the beam to fire.

+ Long-term performance assessments are
crucial to establish design guidelines. Inves-
tigating bond line performance, moisture
effects, and material compatibility over time
remains pivotal and warrants further experi-
mental exploration.
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RUNNER-UP Title of the thesis: Fracture behaviour of pultruded
GFRP profiles: application to web-crippling
: Institution awarding the degree: Instituto
Author: Lourenco Rocheta de Aimeida Fernandes . - ; . .
Superior Tecnico, Universidade de Lisboa
Affiliation: CERIS, IDMEC, Instituto Superior Tecnico, Supervisors: Prof. Nuno Silvestre and Prof. Joo R.
University of Lisbon Correia
Email: lourenco.a.fernandes@gmail.com Year of completion: 2020
INTRODUCTION & (@ (b) %
This thesis was developed with the goal to better un-
derstand web crippling of glass fibre reinforced polymer
(GFRP) pultruded beams. Furthermore, the study aimed
to address the different failure modes that can occur, 5 5
(i) web crushing, material failure at the web-flange
connection or middle of the web; (ii) web buckling, criti- Figure 1. Selected web-crippling test configurations: (a) ETF; (b) ITF.
cal buckling of the web; and (jii) a mixed failure mode,
resulting of a combination of the two previous failure Fracture toughness tests were initially performed for
modes. in-plane transverse tensile loads, through the wide
To this end, finite element models (FEM) were devel- compact tension (WCT) test, depictedin Figure 2.2). )
. L . This test specimen promoted stable crack growth which
oped to correctly simulate web crippling tests. Since o A
. o is critical for fracture toughness characterization. The
previous research had shown that stress-based criteria ) ) i
. . . specimens were monitored through a videoexten-
led to excessively conservative numerical load results o )
. : . sometry system as well as digital microscope, to have
for web crippling, the research aimed to experimentally ) o )
. . . precise monitoring of crack growth and crack tip open-
characterize fracture toughness properties, which ! ) )
. . . ing displacement. To determine the fracture toughness
could be implemented in FEM, to simulate damage ) )
progression of each material, data post processing methods were
' applied to each test. These methods were implemented
To characterize the fracture toughness properties through FEM, based on crack length, in two different
of each material, experimental tensile and compres- methodologies: (i) by estimating the j-integral for an
sive fracture tests were performed for the in-plane applied unit load; and (i) by determining the compli-
transverse direction of the beams. Having character- ance calibration of each material. Both data processing
ized these fracture toughness properties, experimental methods provided similar results.
web crippling tests were performed and then simulated . e d th . )
with the developed FEM, calibrated with experimentally or compressive amagg © comvpac compression
. . (CC) test was used, depicted on Figure 2.b), and an
characterized fracture toughness properties. ) ) )
inverse methodology was implemented. To this end,
Finally, having found a good agreement between ex- FEM were calibrated for different values of transverse
perimental and numerical results, the direct strength compressive fracture toughness, to identify the best fit
method (DSM) was implemented to develop design between numerical and experimental results.
guidelines that can accurately predict the web crippling
ultimate load and failure mode of a given profile.
METHODS (@) ®)
The thesis addressed (i) five pultruded GFRP profiles,
with four I-section profiles and one U-section profile;
and (i) two web-crippling load configurations, the end-
two-flange (ETF), depicted in Figure 1.a); and interior-
two-flange (ITF), depicted in Figure 1.b).
Figure 2. Selected fracture test configurations: (a) WCT; (b) CC.
lIFC.org © 2024 IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 17



mailto:lourenco.a.fernandes%40gmail.com?subject=

lIFC.org

FRP INTERNATIONAL

The official newsletter of the International Institute for FRP in Construction

Having gathered these fracture toughness properties,
an experimental web crippling campaign was performed.
The specimens were monitored through videoexten-
sometry, as shown on Figure 3.a), to assess the in-plane
strains of each specimen, and through displacement
transducers and glued extensometers, positioned on at
mid-section height, as shown on Figure 3.b), to assess

180
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at which point web buckling started to develop.

IDisplacement
transducer

Figure 3. Setup for web-crippling tests: (a) videoextensomety targets;
(b) U-section ETF test with strain gauges and displacement transducer
installed perpendicularly to the web.

The web crippling numerical models were then de-
veloped, based on Abaqus built-in tools, to simulate
each of the experimental tests that were performed.

Three categories of FEM were developed, (i) geometri-

cally linear damage models (D), where buckling failure
cannot occur; (i) elastic critical buckling models (B),

where damage is not considered; and (iii) geometrically

non-linear damage models (DB), where a very smalll

imperfection is introduced to combine damage progres-

sion and buckling failure.

These three categories of FEM were used to expand
the result database and to define the DSM for web

crippling, applied to I-section profiles. The DSM method
was initially tested for numerical results only, showing a

very good accuracy to replicate the numerical results.
As a following step, approximate expressions were
calibrated for web crushing and web buckling failure,
in order to implement the DSM without the need to
develop FEM for each specific case.

RESULTS AND DISCUSSION

The fracture toughness tests showed very different
trends for tensile and compressive loads. In tensile
tests, the fracture toughness results increased ex-
ponentially with the level of fibre reinforcement in the
in-plane transverse direction of the beam; whereas
the compressive fracture toughness results showed
no clear trend with transverse oriented fibre content.
Figure 4 presents a summary of tensile and compres-
sive fracture toughness results.

= | Bearing B B
Tecnico late
= " p
usos.err1001 Tecco
(b) 9 uszenrso2
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Figure 4. Evolution of fracture toughness results for tension and compression
as a function of transverse reinforcement percentages, complemented with
fitting functions (FF).

By differentiating the energy release rate resultsas a
function of crack tip opening displacement, it was also
possible to have an estimate of the cohesive law of
each material. The cohesive law can be implemented in
numerical models to simulate damage progression in
greater detail. These results are shown in Figure 5.
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Figure 5. Laminate level cohesive laws: (a) J-integral based cohesive laws;
(b) J-integral dimensionless laminate level cohesive laws.

Based on these fracture toughness properties and a
simplified linear cohesive law, the experimental web
crippling tests were successfully simulated by FEM
developed with Abaqus built in tools. The DB models
showed a good agreement to specimens that showed
web crushing failure, buckling failure and also mixed
mode failure. Figure 6 depicts experimental and numeri-
cal loads (D and DB models), for four different materials.
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Figure 6. Experimental and numerical ultimate loads, including geometrically
linear (D) and non-linear (DB) models: (a) 1150-A; (b) 1150-S; () 1152-C; (d) I200-F.
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The proposed DSM expression, based on the approxi- CONCLUSIONS
mate expressions that were developed, was able to
successfully predict the experimental results. The DSM
expression was compared to, (i) Figure 7.a) illustrates

The main contributions of this study can be divided in
three main topics:

the fit between numerical and DSM results; and (ii) 1. an accurate methodology was proposed to charac-
Figure 7.b) depicts the fit between experimental and terize the in-plane transverse fracture toughness
DSM results. properties and cohesive laws of GFRP pultruded

materials, for tensile and compressive loads;

(a) s C-ETF BCITF - 2. numerical models were successfully implemented
O F-ETE BATE e to simulate web crippling failure of GFRP pultruded
=0 A beams. These models simulated well the experimen-
O SETF BSITF . . ‘ ‘
Z ‘&\gﬁ tal ultimate loads as well as the experimental failure
g 100 ﬁ modes;
b 3. a DSM based design expression was proposed and
>0 found to have a good agreement to experimental
results. The DSM expression provided accurate pre-
0 - . .
o 0 100 50 200 dictions of experimental ultimate load and also set
Py wum (KN) slenderness thresholds that can be used to predict
the failure mode of a given specimen.
(b) 180 ©1152-C-ETF s
©1200-F-ETF P
150 1 o1150-5-ETF eq.,”
© 1400-A-ETF 4
120 {muszcire L FUTURE DEVELOPMENTS
Z @I00FTF 8 my”
£ 90 E:iégi‘lﬁ e ’a:lﬁ The future developments of this study can be
~ divided into the two main topics of the study,
ﬁ a fracture toughness characterization and web
301 dng crippling failure.
4
0 T T T T T . . .
o 30 e 9 120 15 180 Regarding fracture toughness, the longitudinal
Py_exp (KN) fracture toughness properties of GFRP materi-
als still need to be characterized. On a different
Figure 7. DSM results: (a) DSM (Pu_DSM) vs. numerical DB (Pu_ perspective, further research is required to better
Num) ultimate loads.; (b) DSM (Pu_DSM) vs. experimental (Pu_Exp) understand the impact of fibre layups on fracture
ultimate (0ads. toughness or the impact of different resin materials.
Regarding web crippling there is also a wide range
It can be concluded from Figure 7 that the proposed DSM for future research, namely in assessing with
expression shows a good agreement to numerical and greater detail the impact of material properties,
experimental results. Regarding failure mode prediction, fibre layups and geometrical properties on web
Figure 8 depicts this additional result from the DSM, crippling failure. The methodology presented

herein should be tested for other load cases and

which consists of slenderness (A) thresholds that can _ _
profile sections.

help determine the failure mode of a given specimen.

Finally, two relevant aspects were not considered
in the present study and should be researched

N e For 1<0.776, web-crippling is triggered by web crushing in the future, (i) the properties of the web flange
. 8 junction and their impact on web crippling; and (ii)
< it al® e For 0.776 < A <1.0, web-crippling is triggered by the the impact of initial defects on the web crippling
s 08 i %"; R 8 interaction between web buckling and web crushing failure of pultruded GFRP profiles.
[ ]

A ) A - e For 4> 1.0, web-crippling is triggered by web buckling

Figure 8: Slenderness thresholds for web crushing, mixed mode and web buckling failure modes.
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Prof. Thomas Keller

KEY FACTS
Name: Thomas KELLER

Education: MSc in civil engineering in 1983, PhD in
1992, both at the Swiss Federal Institute of Technology
Zurich, ETH

Current affiliation: Swiss Federal Institute of
Technology Lausanne, EPFL

Key roles and contributions: Head of the Composite
Construction Laboratory, CCLab, Professor of
Structural Engineering

SHORT BIOGRAPHY

Prof. Thomas Keller obtained a Civil Engineering Degree
from the Swiss Federal Institute of Technology Zurich,
ETH, in 1983. Subsequently, he worked at the archi-
tecture and engineering office of Santiago Calatrava,
where, in 1987, he developed the structural concept
of the (200-m span) Alamillo Bridge in Seville (first
cable-stayed bridge without back cables). In 1992,

he received his doctoral degree from ETH, under the
supervision of Prof. Christian Menn. In 1998, he was
appointed as a (part-time) Associate Professor and in
2007 as Full Professor of Structural Engineering at the
Swiss Federal Institute of Technology Lausanne, EPFL.

V7 - ’.

Mwa

Figure 1. Pontresina Bridge, December 1997: Construction team (students of architecture and TK) on
top of 4 kN/m? brick loaded adhesively bonded span (without back-up bolts).

Today, Prof. Thomas Keller is the head of the Compos-
ite Construction Laboratory, CCLab at EPFL, which he
founded in 2000. His research work is focused on the
development of material-tailored applications of com-
posites in structural engineering and architecture. He
was a founding member of the International Institute
for FRP in Construction, IIFC, and a member of the CEN/
TC 250 Project Team to establish the European Techni-
cal Specification “Design of fibre-polymer composite
structures’, CEN/TS 19101, published in 2022.

As a practical engineer, he designed the first composite
pedestrian bridge in Switzerland (Pontresina Bridge,
1997, Figure 1), which is also one of the first composite
bridges in Europe. Furthermore, he was responsible

for the structural design of the five-story Eyecatcher
Building (Basel, 1998, Figure 2), which is still the tallest
building in the world with a primary composite structure.
He also contributed to the design of the free-form mul-
tifunctional composite sandwich roof of the Novartis
Campus Entrance Building (Basel, 2006) and the hybrid
Avancon (vehicular) Bridge with an adhesively bonded
composite-balsa sandwich deck (Bex, 2012, Figure 3).

Figure 3. Avangon Bridge, October 2012: Adhesive bonding of composite-balsa sandwich bridge deck
onto steel girders, panels with transverse scarf joints in face sheets.
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When and how did your interest on FRP composites
first develop?

It happened by chance that | got into contact with
composites. After completing my PhD on the durabil-
ity of reinforced concrete bridges and working as a
practical engineer in the field of bridge construction,

| was appointed as a part-time Assistant Professor at
the Department of Architecture of ETH in 1996. At the
Institute of Building Technology, Professor Otto Kinzle
gave me the opportunity to design the Pontresina
Bridge, which was the seed from which my interest and
activities in composite construction grew. The interest
was clearly directed towards new construction and not
to strengthening of existing structures, since many
activities were already ongoing in the latter field, and
new construction was almost untouched.

Are there any emerging technologies or trends in
the composites industry that you find particularly
exciting or promising?

When | started my activities in composites, the
development pointed to a bright future for compos-

ite vehicular bridges, numerous such bridges with
composite decks were built, mainly in the USA. In the
meantime, however, a certain disillusionment happened
since concerns about the fatigue resistance of these
decks could still not be eliminated. Such limitations do
not exist, however, for pedestrian bridges. Pedestrian
bridges thus seem among the most interesting applica-
tions of composites, since they can take advantage of
the excellent mechanical properties and, furthermore,
may offer unique architectural features. The use of
composites in architecture (building construction)
represents another field of potential innovation, based
on the freedom of form and possible integration of
functions. However, since a close collaboration be-
tween architect, structural engineer, building physicist,
and manufacturer is required form the beginning of the
project, and difficulties such as fire reaction response
and resistance may need to be considered, progress

in this field is not easy. If such projects are successful,
however, they always demonstrate the real potential of
composites compared to conventional materials.

Can you describe a particularly impactful project
or initiative you've been involved related with FRP
composites and its outcomes?

The most impactful project, which guided my journey
in composites for construction since the beginning,
was the Pontresina Bridge. During its design in 1997, |
realised that mimicking isotropic steel structures and
associated bolted connections does not allow the use
of the full capacity of anisotropic composites.

This experience paved the way to the establishing

of the CCLab in 2000, with its focus of research on
material-tailored structural concepts and connection
technologies, such as sandwich structures and
adhesive bonding. Today, sandwich bridge decks and
function-integrated sandwich roofs are increasingly
implemented, and adhesive bonding has developed

to a state-of-the-art technology. As a member of

the project team of the above-mentioned European
Technical Specification (TS), these experiences gave
me the basis for the drafting of the clauses about
sandwich panels, fatigue, detailing and adhesive
joints. Based on my initiative, the TS does also not use
"FRP" anymore, acronyms do not give an identity to our
materials > "Composites”

Which individuals or mentors have had a significant
influence on your career and what have you learned
from them?

| was very lucky to meet outstanding personalities,
who guided my way since | studied civil engineering at
ETH. From my doctoral supervisor, Professor Christian
Menn at ETH, | could learn the principles of conceptual
design and understand their significance, as a basis
for economic structures, which are also aesthetically
convincing. Santiago Calatrava, architect and engineer,
was my first employer after my studies and further
raised my interests for architecture and its relationship
to structural engineering. Professor Urs Meier at EMPA
was not far from ETH, and | could always rely on his
advice and thus gain confidence on my way. | was also
lucky to meet Professor Marie-Anne Erki from the Royal
Military College of Canada, who helped me in the design
of the adhesive connections of the Pontresina Bridge,
and thus paved the way for this meanwhile important
research axis at the CCLab.
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If you were starting your career today as a young
engineer/researcher, what advice would you give
yourself?

I would give the following advice to a young engineer/
researcher:

1.

Search for a field of activity where significant prog-
ress can still be made and outcome can be gener-
ated, which contributes to solve urgent problems of
the society. Take care to not be taken by fancy and
unsustainable trends.

. Focus on what is essential.

. Always aim for the highest possible standards and

outcome quality.

. Establish a network of peers and always be informed

about the latest advances in your field

Continuously assess yourself to ensure that you are
on the right path.

.Be tenacious, patient and confident in yourself, the

success will not arrive tomorrow.

Personal questions:
What is your favourite hobby outside of work?

You may have a look on www.statuary-in-context.ch

and related Blog.
What is/was your favorite trip?

My trips to Madagascar were my favorite ones
(which are related to the previous question).

Which are your favourite songs?

Muddy Waters & The Rolling Stones: Baby please
don’'t go - live at Checkerboard Lounge Chicago,
1981

The Blues Brothers & Ray Charles: Shake a tail
feather (movie scene 4/9), 1980

Deep Purple: Smoke on the water - live at Montreux,
2006
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Performance of FRP-Repaired Steel Pipelines after Long-
Term Exposure to Salt-Spray Environment

Daniel Cardoso

Department of Civil and Environmental Engineering,
Pontifical Catholic University of Rio de Janeiro (PUC-
Rio) dctcardoso@puc-rio.br

Antonio Henrique da Silva

R&D Center (CENPES), Petrobras, Department of Me-
chanical Engineering, Fluminense Federal University
mcl n@imb.rwth-aachen.

CarlaFerreira
R&D Center (CENPES), Petrobras

carlamarinho@petrobras.com.br

INTRODUCTION

Topside steel pipelines from the oil and gas industry
are often exposed to aggressive marine environ-
ments, characterized by a saline atmosphere with high
relative humidity (RH). Currently, the management of
corrosion-induced problems represents around 15 to
30% of the total operation expenses. In this context,
fiber-polymer composites (FRP), have been increas-
ingly used over the years in pipeline repair systems, due
to their high strength-to-weight ratio, good resistance
to environmental degradation, ease of application
without interruptions and risk of explosion, and less
labor-intensive nature.

Despite their advantages, these repairs may lose
performance with time associated to FRP degradation
under UV and hygrothermal exposure, as well as to
debonding caused by steel corrosion. The composite
repair design lifetime is mentioned in standards such as
the ISO 24817:2017, but an explicit procedure to predict
its performance over time is presently not available,
requiring subjective judgement that brings uncertain-
ties to the whole operation.

Ana d'Almeida
R&D Center (CENPES), Petrobras
anafampa@petrobras.com.br

Valber Perrut
R&D Center (CENPES), Petrobras
vperrut trobras.com.br

Corresponding author e-mail:
dctcardoso@puc-rio.br

Within this context, a collaborative project was de-
veloped by the Research and Development Center of
Petrobras (CENPES) and the Pontifical Catholic Univer-
sity of Rio de Janeiro (PUC-RIi0), entitled ‘Performance
of Repairs in Saline Environments’, aiming to fill some of
the existing gaps.

The scope included (i) exposure of materials and
repaired components to salt-spray environment under
different temperatures for up to 1.5 years, (i) evalua-
tion of physical and mechanical degradation of usual
FRP materials adopted and their interface with steel
substrate, and (iii) assessment of several non-destruc-
tive techniques (NDT) and development of FRP repair
inspection protocols. The project started in October
2018 and will be completed by May 2024.
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METHODOLOGY
MATERIALS FRP-Repaired Pipes
FRP Specimens Steel pipe specimens with external FRP repairs were
_ _ _ fabricated by the same manufacturers described
The FRP materials used were provided by three differ- in Section 211 (A to C) and considering the surface
ent me_anufacturers, hereafter denoted as A, B.and C. preparation techniques described in Section 2.1.2. Two
Materials were produceq by hand layup t.echmqu.e and reference samples with artificial defects were also
were composed of proprietary epoxy resin and either fabricated by manufacturer A, for validation of the
glass (Aand C) or hybrid carbon-glass (B) reinforce- non-destructive techniques. Figure 3 presents typical
ment. All prismatic specimens were cut from flat samples produced by each manufacturer.
laminate plates with a nominal thickness of 6 mm. An
overview of the materials used is presented in Figure 1.
Figure 1. FRP materials used in the project.
FRP-Steel Joints
Figure 3. FRP-repaired steel pipe specimens before aging.
Double lap shear (DLS) FRP-steel joints were fabricated
using ASTM A516 Gr. 70 steel plates and the same FRP METHODS
materials described in Section 211. Anillustration of the
380-mm long specimens is presented in Figure 2. Four Aging Protocol
different methods were used for surface preparation: ) ) ) )
manual sanding. Monti machine sandina. manual sand To simulate the marine environment, specimens were
. g,. o o ) : conditioned in three independent salt-spray chambers
ing followed by silane application, and Monti machine (model EQUILAM SSEQ-Walk-In) operating at tempera-
ing foll il lication, al hiev- ) oo
gandmg ,O vowed by SI, ane application, always a,c |§v tures of 35°C, 55°C and 70°C, as illustrated in Figure 4.
ing the minimum required roughness. After cutting in .
the final dimensions, the sides of the specimens were Alltemperatures adopted were lower than the mate
] ' ) p i rial's glass transition temperature (between 90 and 100
Z:f:ii \:/rlwlhs?dpeo:y asanattempt to minimize the corro- °C). The salt concentration in the solution used was 5.0
' wt%, according to the recommendations of ASTM B117
standard.
Figure 2. FRP-Steel joint specimens.
Figure 4. Overview of walk-in salt-spray chambers.
© 2024 IFC - International Institute for FRP in Construction | Vol. 21, No. 1, February 2024 24
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Tests on FRP Specimens

FRP samples were removed from the chambers at pre-
defined times and subjected to destructive mechani-
cal tensile, flexural and interlaminar shear tests, to
assess the retention of properties with time and aging
condition. Moisture content was also measured during
aging and, finally, non-destructive tests were carried
out as alternative in situ characterization methods,
namely: ultrasonic test, terahertz, impulse excitation
and colorimetry.

OVERVIEW OF MAIN RESULTS
Performance of FRP Specimens

The results showed that properties degrade during the
first ages, stabilizing after a while. Phani-Bose models
were used to simulate the behavior for generic time and
temperature conditions, as illustrated in Figure 6 for in-
terlaminar shear strength (ILSS). Chemical and physical
analyses revealed combined influence of post-cure and
water-induced degradation.

Tests on FRP-Steel Joints 120.0 350
FRP-steel joints were removed from the chambers at _
pre-defined times and subjected to double-lap shear % 10009 L 30.0
(DLS) tests according to the ASTM D3528 standard. g _
Before that, ultrasonic inspections were carried out é 80.0 L9250 é
using the same approach used for the pipe specimens £ %
(see Section 2.2.2.) to verify for possible discontinui- 5 60.0 00"
ties at the FRP-steel interface. Bi-material mixed-mode ﬁ ’
w2

bending specimens were also fabricated and tested for = 4004 35°C- Rf =0.8614

. 55°C-R2=0.7973 -15.0
the unaged condition, as an attempt to correlate the 70°C - R2 = 0.8446
DLS results with the fracture properties using numeri- 20.0 T T T T

cal models. Finally, pictures were taken from the rupture
surfaces and image analyses were performed to assess
the corroded area during aging.

FRP-Repaired Pipes

Pipe samples with FRP repairs were periodically taken
out from the chambers and subjected to the following
non-destructive tests using portable tools, namely:
shearography, microwave and ultrasonic test. An over-
view of these test setups is presented in Figure 5. Each
technique was previously validated with the reference
pipes with artificial defects. To confirm the final results
obtained with each the technique, tomography and dis-
section analyses are currently underway.

Shearography Microwave

i

0 3000 6000 9000 12000 15000
Time (hours)

Figure 6. Typical degradation curves for different aging temperatures, fitted

with Phani- Bose model.

With respect to the non-destructive tests, all tech-
nigues were able to provide indicative parameters of
degradation in the composites; ultrasonic and impulse
excitation tests provided elastic properties comparable
to those obtained from destructive tests. For terahertz,
the response spectra were treated and a machine
learning technique was used to correlate these signals
with the material and aging condition.

Performance of Steel-FRP Specimens

The results showed that the strength of the joints
continually reduced over time due to the mainly due

to corrosion at the interface. The quantification of the
corroded area was possible with the successful aid

of image analyses techniques. Mathematical models
simulating the DLS configuration in the aged condition
are being developed to estimate the individual contri-
butions of corrosion and adhesive degradation to the
final reduction of strength. With this approach, a Phani-
Bose-type degradation law can be derived for the adhe-
sive, as well as the corrosion rate. The ultrasonic test
was also able to review small defects. An overview of
the aged DLS specimens is presented in Figure 7.

Vol. 21, No. 1,
February 2024

Figure 5. Main non-destructive tests conducted on FRP-repaired pipe specimens.
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Figure 7. Aged FRP-steel joints and unaged and aged pipes at 55 and 70 oC.

Performance of FRP-Repaired Pipes

In general, however, the results obtained are satisfac- 50 100 150 200 250 300
tory, although variations in the dimensions of the de- mm
fects have been observed - actual discontinuity areas N
ICrowave
will only be confirmed after dissection and tomography
tests. It was also observed, in some cases, the ap- —_— -

. . . . [ 0pen .| [Macseal Sampie 13 sd ol X
pearance of defects inside the repair, which may be a 30 Complex Data Conpesar [Fea Clveres] v oo comerer [ Smoon - )
consequence of differential repair/metal deformations J 1 Xpostion 124250

. . . cale 0040 - a[ | T ST | XYValue-5636aB
caused by temperature and moisture absorption. It is s : Tor20n
worth mentioning that microwave and ultrasonic tests | oo 2 -

. ) . Gate A Setup T T TE T TS0 mm 1100 T150 T200 250 T300 T350 7300

were unsuitable for carbon-based repair materials due [ PR

to signal attenuation. Typical outputs from main non- o - . : . TH
cate AReatout ||§ [ - ¥ ’ 1

destructive tests are presented in Figure 8. ‘ ' ; 7

elll ;

enme | M | B c B 4R |

Shearography e i I B

Deslocamento Longitudinal Deslocamento Transversal Defeitos Detectados oftset 025 5 | ; : i

T 2 w0 | (279.500mm, 105.000mm) = -6 50208 CTRETRED)
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Figure 8. Typical outputs from main non-destructive tests.

250

CLOSING REMARKS

In all, more than 10,000 specimens were tested over the
St course of the project. Considering the materials stud-
ied and analyses performed, the outputs form one of
the largest databases related to aging of FRP-repaired
steel. The results allowed the adaption of the ISO
24817:2017 procedures to account for aged properties
and corrosion in the design and revalidation of com-

sy posite repairs. With respect to the execution of non-
destructive inspection of FRP-repaired pipes, technical
specifications were developed, including information
such as equipment, calibration, essential variables and
documentation. Finally, it is important to highlight that,
despite the large experimental campaign, some gaps
still remain and further studies are required to increase
the reliability of design procedures and to improve the
protocols of inspection techniques.

20 mm

100 me|

35 mm

50mm

fngulo] ) Angulo["] fngulo[]
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Industry

Case study: Fontanamare-Gonnesa Bridge, the First
Hybrid Bridge in Europe, Gonnesa, Italy

Year: 2023

Location: Gonnesa, Italy
Edoardo Intra
Sireg Geotech Sir.l, Italy

Owner/Commissioner: Regione Autonoma della
Sardegna, Municipality of Gonnesa

Gabriele Balconi Structural Design: Eng. Fausto Mistretta -
Sireg Geotech Srr.l., Italy Secured Solutions

Contractor: Manini Prefabbricati SPA

Products: Sireg Glasspree® TS Glass Fiber Rebars

INTRODUCTION
On the morning of April 2, 2020, the prestressed The following design codes were considered in safety
concrete bridge connecting the provincial road 83 with verifications:

Fontanamare beach in the Municipalwty of annesa . DM. 17 gennaio 2018: “Aggiornamento delle «Norme
(west coast of South Sardinia) collapsed while a truck tecniche per e costruzioni»”

for ecological service was passing through. The col- - Circolare C.S.LL.PP. 21 gennaio 2019: “Istruzioni per
lapse was caused by the widespread degradation of
the concrete particularly exposed to marine aerosol niche per le costruzioni’» di cui al decreto ministe-
and the consequent corrosion of the most superficial riale 17 gennaio 2018"

reinforcement bars. This process increased cracking . CNR-DT 203/2006: “Guide for the design and con-
and material degradation until it reached the harmonic struction of concrete structures reinforced with
steel of the prestressing cables. Therefore, a new Fiber-Reinforced Polymer Bars”

bridge was designed with the ambitious goal of grant- - ACI 4401R-15: *Guide for the design and construc-
ing a service life of 100 years, while minimizing mainte-

I'applicazione dell' «Aggiornamento delle Norme tec-

tion of structural concrete reinforced with FRP Bars”
nance interventions over time.

THE PROJECT

The bridge project includes two lanes, one in each
direction of travel and a side bicycle/pedestrian track for
a total width of 910 m; the net span is 22 m, composed
of 7mainribs joined by 5 stringers and a cast-in-place
slab. The ribs consist of rectangular section elements
having size 50 x 120 cm made of reinforced concrete

and prestressed by means of steel strands. The cortical
reinforcement is realized using Sireg Glasspree® TS
glass fiber bars: the total supply is equal to 21.000 m.
This hybrid technology combines the advantages of pre-
stressing with those of glass fiber bars. These ones are
corrosion resistant, they provide an expected service life
of 100 years and low maintenance costs.
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Figure 2. Elevation view of the bridge.
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PRODUCTS

Closeness to the sea creates an aggressive environ-
ment for classic steel bars and led to the collapse of the
bridge. This is the reason why the use of glass fiber bars
was planned as reinforcement of the cortical part.

Sireg Glasspree® TS fiberglass bars are made through
a continuous pultrusion process; the reinforcing ele-
ment consists of direct roving "E-CR" glass fiber and
vinylester resin (Figures 3 and 4). Available in diameters
ranging from 6 to 40 mm, the maximum tensile strength
is 1100 MPa and the modulus is equal to 46 GPa; they
are externally coated with quartz sand and resin during
continuous production process. They are impervious to
corrosion and provide an excellent resistance to chemi-
cal elements as well. They are transparent to both
electric and magnetic fields, and their low weight (2.00
g/cm3) allows for easy handling on the construction
site. Sireg Glasspree® TS bars are the first ETA certified
bars on the market (ETA certification no. 22/0168).

Figure 3. Sireg Glasspree® TS round bars.
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Figure 4. Sireg Glasspree® TS stirrups.
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TEST CAMPAIGN

As it was an innovative work, the design and construc-
tion phases were accompanied by a thorough laboratory
experimental campaign on small-scale prototypes and
on a full-scale main rib identical to those of the bridge.

Small-scale tests were carried out in collaboration with
the Materials Testing Laboratory of the University of
Cagliari: scale prototypes of the bridge ribs (dimensions
20 x 40 x 360 cm) were realized fully reinforced with
fiberglass bars designed with the aim of optimizing the
static performance of the planned infrastructure.

At Manini Prefabbricati’s facility in Bastia Umbra, a full-
scale rib was fabricated to investigate both the service
limit state and the ultimate flexural and shear capacity
of the complete element (Figure 5). Using different test
setups, the investigation allowed to quantify the real
bending and shear response of the prototype, showing
satisfactory results and higher structural performance
than expected.

Figure 5. Full-scale testing at Manini Prefabbricati Spa.

NUMERICAL MODELING

The bridge design and the experimental phase have
been verified through very sophisticated numerical
analysis with the aim of predicting the behavior of the
elements subject to the design load stresses and to
study their performance to failure. The three-dimension-
al numerical model created using ASDEA's STKO program
and OpenSees replicates the realized structures with
the highest fidelity (Figure 6).

Figure 6. Three-dimensional numerical model.
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The model predicted with very good approximation the
behavior of the rib in terms of load-displacement curve
(Figure 7), crack pattern and residual strain at the end

of the test. As described in the experimental campaign,
shear tests were carried out both in the central segment
and in the support one. Numerical computations made it
possible to identify the collapse mechanisms accurately
and precisely.

600

300

Load, F (kN)

200

" Experimental

100

0 20 40 60 80 100
Displacement, D (mm)

Figure 7. Experimental and numerical load vs. displacement behaviour.

Figure 9. The completed bridge.

REALIZATION

The bridge was built by Manini Prefabbricati using opti-
mized assembly procedures in line with the Accelerated
Bridge Construction strategy, aiming to minimize the
impact of on-site operations and to eliminate the use of
formwork (Figure 8).

The use of glass fiber bars to reinforce the cortical
layers and of precast elements with high-performance
concrete made it possible to construct an aesthetically
pleasant bridge (Figures 9 and 10) with excellent perfor-
mance in terms of ease of assembly, durability, and envi-
ronmental sustainability, while retaining the advantages
of the traditional adherent cables prestressing.

The choice of precast concrete ribs and shells, instead
of the ordinary formwork, allowed for increased produc-
tivity on site, which, due to the ease of installation of
fiberglass bars, led to a reduction of construction time of
30to 40 %. Figure 10. The completed bridge.
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Figure 8. Slab reinforcement with glass fiber bars and casting.
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Education

Dr. Marko Pavlovic

Delft University of Technology,
Faculty of Civil Engineering
m.pavlovic@tudelft.nl

OBJECTIVES

Fibre-polymer composites (also known as FRP) are used
for almost 6 decades in aerospace, automotive and ma-
rine applications, having main advantages over metals,
concrete and timber by being lightweight and durable.
Aging of infrastructure and increase of traffic loadings
on bridges, and new hazards on buildings, are main
driving forces for innovations in the field of structural/
civil engineering. Use of composites for strengthening
of existing structures is relatively well-known technolo-
gy. However, less well documented knowledge exists for
design of composites in new components or complete
design of load bearing structures. Therefore, engineers
in practice usually hesitate to apply composites.

This course focuses on engineering application of
composites in infrastructure, where the scale, loading
conditions and structural requirements are dis-
tinctly different from classical fields of application of
composite materials like aerospace, automotive and
marine industry.

The main learning objective of this course is to improve
design and structural skills of an engineer in a company
S0 that he/she can make a decision, create appropri-
ate detailing and propose the fabrication process of a
full-scale composite structure. The goal is to enable
and encourage application of the composites in con-
struction sector where it is competitive compared to
traditional construction materials.

The course is designed for professionals who may include
early-career and senior structural engineers, consul-
tants, reviewers, project managers and decision makers
atinvestors and/or state institutions, who have experi-
ence with classical structural engineering materials.

Institution: Delft University of Technology, Faculty
of Civil Engineering + Extension School

Name of course: Fiber Reinforced Polymer (FRP)
Composites in Structural Engineering - FRPx

Level (BSc, MSc, PhD, professional): Professional

Type of training: online

The learning objectives are set such that after success-
fully finishing the course, the participant will be able to:

Exploit the advantages of composites with respect
to traditional materials in infrastructure and building
projects whilst being aware of the limitations that
exist for specific applications.

Make informed selections from the wide range of
different FRP materials and production processes
suited to a specific application.

Deliver a realistic design for structures made of
composites.

Perform design verification for simple to modestly
complex structural members and joints between
members.

Use analytical and computational methods to ana-
lyze structural behavior and obtain results for design
verifications of all-composite and hubris structures.

NUMBER OF CREDITS AND HOURS OF
CONTACT

The course lasts for 9 weeks with expected workload of
participants ranging from 6-10 hours per week. Approxi-
mately half of the time is spent on following the course
material and another half on working on individual and
group assignments. Upon successful completion of
lectures and assessment through assignments partici-
pants receive certificate. Based on the learning hours
the course can be considered as equivalent to 3.0 ECTS
credits for bachelor and master courses. Each country
has own scheme to convert those to an equivalent
professional education credits.
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PROGRAM (TOPICS COVERED) AND SYLLABUS

The course is organized in 6 modules over 9 weeks.
A brief summary of topics covered in each module is
presented below:

Module 1 - Introduction: Examples of applications
(new-build, retrofitting), environmental impact of com-
posites, constituents of the composite material, rule of
mixtures, laminates.

Module 2 - Structural design: Construction and assem-
bly, developing a composite structural solution, con-
ceptual design, design of materials, joints, composite
decks, fabrication methods.

Module 3 - Mechanical behaviour of the material: Or-
thotropic behaviour, Classical Laminate Theory, failure
modes, simulation tools.

Module 4 - Specific behaviour of the material: Durabil-
ity, effects of the environment by moisture and tem-
perature, influence of production processes on quality
and robustness, creep and fatigue behaviour.

Module 5 - Design verifications: Design codes and
recommendations, verification of cross sections and
members, Verification of joints, finite element analysis
(FEA) in design verifications.

Module 6 - Discussion of the designs and Wrap-up.

Throughout the course participants learn through
hands-on exercises divided to 6 individual and 4 group
assignments. The goal of the group assignment is to re-
design a structure previously designed and/or built by a
traditional construction material to a composite struc-
ture. The assignment is based on selecting a case of a
previous projects that participants provide as input at
beginning of the course. Each team consists of 3-4 par-
tipants with different expertise needed to accomplish
the design assignment of a real structure as the team.
In this way, participants explore the possibilities of us-
ing composites for projects in roles that are relevant for
them. The assignment is continued in 3 major phases
of conceptual, preliminary and final design, each lasting
2-3 weeks. In the group design assignments partici-
pants go to a limited extent with complexity of calcula-
tions specific for composites, allowing them to focus on
a bigger picture of design with composites.

In the individual assignments, however, participants will
go deep in aspects of calculations and design verifica-
tions of a composite beam as a simplified case study. In
the assignment, participants practice aspects of: using
CLT to determine and laminate properties and optimize
them for a specific loading condition; determine conver-
sion and partial factor for design; verify bending, shear,
local and lateral torsional buckling resistance, check
deflections and creep of a composite beam and use FEA
with Abaqus and Sofistik software packages to calcu-
late stresses, deflections and local and global buckling.

Participants have opportunity to see beyond their own
designs through peer review process. Each year about
5 new design assignments are delivered, discussed,
reviewed by lecturers and presented by participants.
The scope of design often result in bridge designs but
also industrial towers, submerged special structures,
balconies, building extensions, etc.

Vol. 21, No. 1,
February 2024

Module 1 Module 2 Module 3 | Module 4
Group - Design assignments Week1 | Week2 | Week3 | Week4 | WeekS

Module 5
Week6 | Week?7

Week 8

Module &
Week9

DE1  Bring your own case Bl
DE2  Group kick-off meeting - webinar ol X
DE3  Conceptual design [ ][ X
DE4  Preliminary design

DES  Input for final design

EREE

Individual - Analysis and design verification

AV1  Simulation tool vs. rule of mixtures | X
AV2  Design of hollow beam HH X
AV3  Optimize layup for combined stress state e <

AVS  ULS and SLS verification
AVE  ULS stability check
OP2 Design verification using FEA

Individual - Review assignment

OP1 Review of the Conceptual design X
Review of the Preliminary design

Review of the Design verifications

AVA  Safety and conversion factors for a hollow bea || %

EEEE

1]

TYPE OF CLASSES

Even though the course is delivered completely online,
itis not a self-paced online course.

The pace of course is pre-set through sequential
weekly opening per topics with associated pre-re-
corded lectures, reading materials, assignments and
quizzes. The pre-recorded lectures are short, 5-10 min
each, but dense. They follow the learning objectives
that participants are gaining through the group and in-
dividual assignments. During the 9 weeks of the course
2 to 3 webinars are organized to discuss questions of
participants, present group assignments and introduce
new specialized topics and recent updates in the field.
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EVALUATION / ASSESSMENT

Participants work in groups on assignments and receive
extensive feedback by the lecturing team consisted of to-
tal 3to 4 academics and industry experts. Therefore, the
course is limited to approximately 30 participants per run.

New issue of the course starts every year in October.
Assessment is based of personalized feedback on
group assignments and corrections of individual as-
signments. Theoretical background is checked through
10 quizzes during the course. Participants need to have
70% of successfully assessed assignments and quiz-
zes to receive the certificate.

CLOSING REMARKS

So far, the widespread use of composites in buildings
and infrastructure projects was held back by lack of
knowledge, experience of engineers and lack of clear
design guidelines. With new TS19101 published in
November 2022 by CEN/TC250 the design guidance
has improved significantly. Wide-spread education

of engineers is still to be done to allow application of
composites in infrastructure and building projects and
utilize its benefits for the society.

There are more widely available courses about the use
of composite materials in the field of aerospace and
automotive engineering. However, aspects and require-
ments such as scale, laminate composition, nature of
loading, environment, life-span and reliability concepts,
production techniques and tolerances, quality control,
inspection and maintenance are quite different in
construction projects compared with aerospace and
automotive applications.

1
x| 14— | Bl }

1=— (0o —c.7')
c-A

2
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This professional education course is unique oppor-
tunity for working professionals to obtain set of skills
needed to start working with composites in structural
engineering. The course had 6 runs so far, with nearly
120 participants from all over the world. The background
of participants ranges from bridge engineers, build-

ing engineers, municipality and infrastructure ministry
engineers, pipeline and profiles producers, general con-
struction consultants, and even several PhD students
that had no previous education on composites wanting
to quickly jump into the topic.
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The American Society of Civil Engineers (ASCE) Journal of

ASCE Journal of Composites for
Construction - Recent issues

Composites for Construction (JCC) is published with the support
of IFC. As a service to IIFC members and through an agreement with

ASCE, FRP International provides an index of ASCE JCC.

The ASCE JCC may be found at the following website:

ASCE JCC subscribers and those with institutional access are able
to obtain full text versions of all papers. Preview articles are also

available at this site.

JOURNAL OF

Composites for
Construction

Papers may be submitted to ASCE JCC through the following link:

VOLUME 27, ISSUE 6, DECEMBER 2023

Axial Compressive Behavior of Slender Circular
Columns Made of Green Concrete and Double Layers of
Steel and GFRP Reinforcement

Mohammad AlHamaydeh, Yousef Awera and Mohamed
Elkafrawy

https://doi.org/101061/JCCOF2.CCENG-4053

Quasi-Static Cyclic Behavior of CFRP-Confined
Geopolymeric Composites

Zhuo Tang, Wengui Li, Qi Peng and Libo Yan
https://doi.org/101061/JCCOF2.CCENG-4138

Innovative Connection Systems for Sand-Coated and
Helically Wrapped Glass Fiber-Reinforced Polymer Bars
Milad Shakiba, Milad Bazli, Mohammadmahdi Esfahani,
Mohammad Ali Ghobeishavi and Mohsen Ebrahimzadeh
https://doi.org/101061/ F2.CCENG-4

Unified Compressive Strength and Strain Ductility
Models for Fully and Partially FRP-Confined Circular,
Square, and Rectangular Concrete Columns

Javad Shayanfar, Joaquim A. O. Barros,
Mohammadmanhdi Abedi and Mohammadali Rezazadeh

https://doi.org/101061/JCCOF2.CCENG-4336

Out-of-Plane Behavior of In-Plane Damaged Masonry
Infills Retrofitted with TRM and Thermal Insulation
P.D. Gkournelos and T. C. Triantafillou
https://doi.org/101061/JCCOF2.CCENG-4324

Bond Durability of Near-Surface-Mounted BFRP and
GFRP Bars in Aggressive Environments
Omar Aljidda, Wael Alnahhal and Ahmed El Refai

https://doi.org/101061/JCCOF2.CCENG-4274

Physical Properties, Longitudinal Tensile Properties,
and Bond Strength of the New Generation of GFRP Bars
Brahim Benmokrane, Shehab Mehany, Carol Shield,
Antonio Nanni and Vicki Brown

https://doi.org/101061/JCCOF2.CCENG-4300

Bond-Dependent Coefficient kb for New-Generation
GFRP Bars

Brahim Benmokrane, Shehab Mehany, Carol Shield,
Antonio Nanni and Vicki Brown
https://doi.org/101061/JCCOF2.CCENG-4341

Experimental Study on the Working Mechanism of
Bond-Type Anchorages for CFRP Tendons with Surface
and Metallic Ribs

Yamin Sun, Xianpei Wang, Kuihua Mei, Tao Wang, Yang
Qi and Xiang Ren

https://doi.org/10.1061/JCCOF2.CCENG-4214

Performance of Precast FRC Tunnel Lining Segments
Reinforced with GFRP Bars under Quasi-Static Cyclic
Flexural Loading

Basil Ibrahim, Salaheldin Mousa, Hamdy M. Mohamed
and Brahim Benmokrane
https://doi.org/10.1061/JCCOF2.CCENG-4108

Axial Compressive Behavior of Predamaged Concrete
Cylinders Retrofitted with CFRP Grid-Reinforced ECC
Gao Ma, Chunxu Hou, Hyeon-Jong Hwang and
Zhaoyang Wang

https://doi.org/101061/ F2.CCENG-4404
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Effect of Spike Anchors in the Bond Behavior of FRCM
Systems Applied onto Curved Masonry Substrates
Paolo Zampieri, Davide Santinon, Carlo Pellegrino,
Francesco lodice and Andrea Vecchi
https://doi.org/10.1061/JCCOF2.CCENG-4199

VOLUME 27, ISSUE 5, OCTOBER 2023

Reflections on 50 Years of Pultruded Fiber-Reinforced
Polymer Materials in Structural Engineering
Lawrence C. Bank

https://doi.org/101061/JCCOF2.CCENG-4219

Fire Behavior of GFRP-Reinforced Concrete Structural
Members: A State-of-the-Art Review

Inés C. Rosa, Jodo P. Firmo, Jodo R. Correia and Luke A.
Bisby

https://doi.org/101061/JCCOF2.CCENG-4268

Numerical Simulations and Simplified Design
Approaches for Large-Rupture-Strain FRP-
Strengthened Reinforced Concrete Beams under
Impact

Zenghui Ye, Yingwu Zhou and Debo Zhaohttps://doi.

https://doi.org/101061/JCCOF2.CCENG-4055

Strength Model for Debonding Failure in RC Beams
Flexurally Strengthened with NSM FRP and Anchored
with FRP U-Jackets

Y.Ke, F.L.Shi, S. S. Zhang, X. F. Nieand W. G. Li
https://doi.org/10.1061/JCCOF2.CCENG-4215

Postbuckling Behavior of FRP Bending-Active Arches
Subjected to a Central Point Load

E. L. Xie, T. Jiang, Z. Y. Xiaand W. S. Xu
https://doi.org/101061/ F2.CCENG-411

Characterization of Steel Wire- and Carbon/Glass
Hybrid Fiber-Reinforced Polymer Bars in Compression
Tao Zhang, Danying Gao and Chengcheng Xue

https://doi.org/101061/JCCOF2.CCENG-4170

Seismic Retrofit of RC Short Columns with Textile-
Reinforced Alkali-Activated or Cement-Based Mortars
L. D. Azdejkovic and T. C. Triantafillou
https://doi.org/101061/JCCOF2.CCENG-4193

Flexural Performance of Stone Beams Strengthened
with Prefabricated Prestressed CFRP-Reinforced Stone
Plates

Yong Ye, Wei Miao, Jin-Hua Qiu and Zi-Xiong Guo

https://doi.org/101061/JCCOF2.CCENG-4164

Flexural Performance and Design of Concrete Beams
Reinforced with BFRP and Steel Bars

Shui Liu, Xin Wang, Yahia M. S. Ali, Chang Su and
Zhishen Wu
https://doi.org/10.1061/JCCOF2.CCENG-4294

Experimental Study on Wedge Anchorage Performance
of Prestressed BFRP Laminates for Flexural
Strengthening of Reinforced Concrete Components
Changyuan Liu, Xin Wang, Xinquan Chang, Zhishen Wu,
Zhongguo Zhu, Haitao Wang and Zhining Bian
https://doi.org/101061/J F2.CCENG-4247

Monotonic and Fatigue Response of RC Beams
Strengthened with Near-End Enhanced Embedment
Prestressed CFRP Strips

Hui Peng, Jiaxuan Chou, Pan Wu and Miao Su

https://doi.org/10.1061/JCCOF2.CCENG-4155

Impact Response of Prestressed Prefabricated
Segmental and Monolithic Basalt-FRP-Reinforced
Geopolymer Concrete Beams

Duong T. Tran, Thong M. Pham, Hong Hao, Tung T. Tran
and Wensu Chen
https://doi.org/10.1061/JCCOF2.CCENG-4204

Influence of CFRP Spike Anchors on the Performance of
Flexural CFRP Sheets Externally Bonded to Concrete
Ghusoon S. Alshami, Rami A. Hawileh, Jovan Tatar and
Jamal A. Abdalla

https://doi.org/10.1061/JCCOF2.CCENG-4182

Crack-Based Evaluation of Internally FRP-Reinforced
Concrete Deep Beams without Shear Reinforcement
Alexandru N. Trandafir, Glenn Ernens and Boyan |.
Mihaylov
https://doi.org/10.1061/JCCOF2.CCENG-4232

Influence of Matrix and Cohesive Material Law
Characteristics on the Tensile and Bond Behavior of
FRCM Systems

Eloisa Fazzi, Giulia Misseri and Luisa Rovero
https://doi.org/101061/JCCOF2.CCENG-4259

Durability Assessment of the First Externally Bonded
FRP Repair of a Publicly Owned Bridge in the United
States after 26 Years of Service

Sandra Milev and Jovan Tatar

https://doi.org/10.1061/JCCOF2.CCENG-4239
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your input...

As IIFC grows, we seek to expand the utility and reach
of FRP International. The newsletter will continue

to report the activities of IIFC and focus on IIFC-
sponsored conferences and meetings. Nevertheless,
we also solicit short articles of all kinds: research

or research-in-progress reports and letters, case
studies, field applications, book reviews or anything
that might interest the IIFC membership. Articles will
generally run about 1000 words and be well-illustrated.
Submissions may be sent directly to any of the editors.
Additionally, please use FRP International as a forum
to announce items of interest to the membership.

IIFC COUNCIL

AUSTRALIA

Prof. R. Al-Mahaidi, Swinburne University of Technology
Prof. R. Gravina, University of Queensland

Prof. S.T. Smith, University of Adelaide

CANADA

Prof. R. El-Hacha, University of Calgary

Prof. E. El-Salakawy, Canada University of Manitoba
Prof. A. Fam, Queen’'s University

Prof. M.F. Green, Queen's University

Prof. KW. Neale, University of Sherbrooke

Prof. M. Noé&l, University of Ottawa

Prof. S. Sheikh, University of Toronto

CHINA

Prof. G.M. Chen, South China University of Technology

Prof. J.F. Chen, Southern University of Science and Technology
Prof. J.G. Dai, The Hong Kong Polytechnic University

Prof. P Feng, Tsinghua University

Dr.R. Li, Central Research Institute of Building and Construction
Co., Ltdof MCC

Prof. J.G. Teng , Hong Kong Polytechnic University

Prof. X. Wang, Southeast University

Prof. Y.F. Wu, Shenzhen University

Dr. Q Yu, Tongji University

Prof. T. Yu, The Hong Kong Polytechnic University

Prof. S.S. Zhang, Huazhong University of Science and Technology

DENMARK
Prof. JW. Schmidt, Aalborg University

FRANCE
Dr.K. Benzarti, IFSTTAR
Prof. E. Ferrier, Université Lyon |

GERMANY
Prof. E. Ghafoori, Leibniz University of Hannover

ITALY

Prof. L. Ascione, University of Salerno

Prof. M. Di Ludovico, University of Naples Federico ll
Prof. A. Prota, University of Naples

JAPAN

Prof. T. Ueda, Hokkaido University & Shenzhen University
Prof. Z.S. Wu, Ibaraki University & Southeast University
Prof. I. Yoshitake, Yamaguchi University

POLAND
Prof. R. Kotynia, Technical University of Lodz
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Announcements of upcoming conferences, innovative
research or products and abstracts from newly-
published PhD theses are particularly encouraged. All
announcements are duplicated on the IIFC website
(www.iifc.org) and all issues of the FRP International
are also available in the archive at this site. FRP
International is yours, the IIFC membership’s forum.
The newsletter will only be as useful and interesting as
you help to make.

Please share your ideas with one of the Editors:

Jodo Ramda Correia

Martin Noel

Rebecca Gravina

Qian-Qian

PORTUGAL
Prof. JR. Correia, University of Lisbon
Dr. J. Sena-Cruz, University of Minho

SPAIN
Prof. C. Barris, University of Girona
Dr. C. Paulotto, Acciona

TURKEY
Prof. A.lIki, Istanbul Technical University

USA

Prof. C.E. Bakis, Pennsylvania State University
Prof. L. Cheng, University of California - Davis
Prof. R. Gentry, Georgia Institute of Technology
Prof. N.F. Grace, Lawrence Tech Universit

Prof. |.E. Harik, University of Kentucky

Prof. Y.J. Kim, University of Colorado Denver

Dr. F. Matta, University of South Carolina

Prof. J.J. Myers, Missouri University of Science and Technology
Prof. A. Nanni, University of Miami

Prof. T. Ozbakkaloglu, Texas State University

IIFC ADVISORY COMMITTEE

Prof. S. Smith, University of Adelaide, Australia (Chair of AC)

Prof. E. Ferrier, Université de Lyon, France

Prof. T. Triantafillou, University of Patras, Greece

Prof. R. Al-Mahaidi, Swinburne University of Technology, Australia
Prof. J.F. Chen, Southern University of Science and Technology, China
Prof. C. E. Bakis, Pennsylvania State University, USA

Prof. R. Kotynia, Technical University of Lodz, Poland

Prof. J.G. Teng, The Hong Kong Polytechnic University, China

Prof. Z.S. Wu, Ibaraki University & Southeast University, Japan & China
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