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Introduction

Projekt LWT-| FI.OOR povezuje najnovije spoznaje u novoj,

brzoj i ja i
l]eienja ja hladno Celika i

betona predlazuéi novu metodu izgradnje kao
inacij j hiadno i ih Eelicnih

I ib ke ploge. Ovaj i odrziv
sustav lagane medukatne konstrukcije nudi vnalne
prednosti u smislu visokog stupnja pi

ponovne uporabe ili recikliranja na kraju Zivotnog
vijeka ukljucujuci analize Zivotnog ciklusa. Kalibrirani

modeli na
ispitivanjima suslzva i n]egovlh komponenata
éit ce, uz ickih metoda,

procjenu prikladnosti sustava za vece raspone. Projekt
¢e donijeti nove vjestine istrazivackoj grupi i

moguénosti ponovne upotrebe i moguéih velikih raspona.
Glavni cilj projekta je uspostaviti novu istrazivatku grupu
koja ¢e posjedovati znanje i opremu za istrazivanje novog
sustava medukatne konstrukcije s fokusiranim
znanstvenlm interesima u potrazl u konkurentnijim
j Kako bi se
istrazile i vrednovale komponente i sustav u cjelini,
planlra se opseino eksperimentalno, numeriko i

iji, a pored toga obranit ée se i
dvije dlsertaclje he objaviti minstvenl radovi u
Ovaj il ivni projekt, koji
osigurava Cvrste veze izmedu akademske zajednice i
industrije, povecat ¢e mobilnost i ojaéati dugoroénu
suradnju |lmedu dva sektora. Probabilisticke analize i
rjesenja u
clklusu medukatne konsirukclje bit ¢e od kljucnog
znacaja za pripremu prvog analitickog prijedloga za
izradu preporuka za projektiranje ovog novog sustava
u okviru kih norma.

icko istrazivanji Uokvlru Zivanja posebna

ce biti g i i i
inovativnim vrstama posmitne veze s

jekti iu i za buduce

The LWT-FLOOR project integrates state-of-the-art
knowledge in new, fast and productive spot-welding
technology and innovative cold-formed steel-concrete
composite solutions proposing a new construction method
as a combination of built-up cold-formed steel members
and cast-in-place concrete slab. This cost-effective and
sustainable floor system offers vital benefits in terms of a
high degree of prefabrication, reusability and long
spanning capability. The main objective of the project is to
establish a new research group that will possess
knowledge and equipment for research on new composite
floor system with focused scientific interests in a search
for more competitive national and international funding.
In order to i and validate co and
proposed system, the extensive experimental, numerical
and probabilistic research is planned. Within research, a
particular focus will be given to spot-welding connections
and innovative types of shear connections with possibility
of design for demountability and the potential of re-use or

[ University of Zagreb

.- Faculty of Civil Engineering
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recycling at the end of design life through the application
of lifecycle analyses. Calibrated and validated numerical
models based on experimental tests of the system and its
components will allow, through the application of
probabilistic methods, evaluation of the system suitability
for larger spans. The project will bring out new skills to the
research group and the research institution, besides which
two dissertations will be defended and scientific papers in
most cited journals will be published. This innovative
project, providing strong connections between the
scientific community and industry, will increase the
mobility as well as strengthen long-term cooperation
between the two sectors. Probabilistic analyses and life
cycle performance evaluation of the proposed floor
system solution will be crucial for establishing the first
analytical proposal for design recommendations of this
new system within the European standards.
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Otvaranje radionice — prezentacija LWT-FLOOR projekta i pregled realiziranih aktivnosti u 3. godini projekta
Opening Session — presentation of the LWT-FLOOR project and overview of the realised activities 3rd project

year
Ivan Curkovié, lvan Lukaevi¢, Andrea Raji¢, Viaho Zuvelek
Projektiranje i izrada uzoraka Zeli¢nih i spregnutih nosaca
Design and fabrication of steel and composite girder specimens
Marko Bartolac, lvan Lukac;v ¢, Ivan Curkovié, Andrea Rajic, Viaho Zuvelek
velikih uzoraka

Preparaucn of laboratory tests of large-scale specimens

Andrea Raji¢, Vlaho Zuvelek, lvan Lukaée Ivan Curkovié, Janko Ko$é
3D skeniranje i priprema uzoraka celi¢ ih nosaca za

Marko Bartolac

GOM ARAMIS

with the GOM ARAMIS

3D scanning and preparation of the steel and composite girders for

system

Andrea Raji¢, Ivan Lukagevi¢, lvan Curkovi¢, Marko Bart
ianaliza ijskih Eeliénih i g nosata

Implementation and analysis of the steel and composite girders laboratory tests

STANKA // BREAK

Marko Bar(alac van Lukagevi¢, Ivan Curkovi¢, Andrea Raji¢, Vlsho Zuvelek

L sustava LWT-FLOOR

Laboratory Tests of nghIWEIght Composne Floor System LWT-FLOOR

Andrea Raj

Procjena ponasanja tockastih zavara kod hladno oblikovanog &elika

Performance evaluation of cold-formed steel spot weld connections

Viaho Zuvelek, Ivan Curkovi¢, Ivan Lukagevic, Andrea Raji¢

laho Zuvelek

, Ivan Lukagevic, Ivan Curkovié, Vlaho Zuvelek

Eelikomi b

Analize i€ne veze kod nosata i g hladno
gom 1 iletie ha boduchia k &

Finite Element Analyses of Demountable Shear Connection in Cold-Formed Steel-Concrete Composite Beam

Based on Experimental Data

Ivan Lukaéevié, Andrea Raji¢, Danlel Viorel Ungureanu, Raluca Buzatu
Usporedna procjene Zivotnog ciklusa spregnutih sustava &elik beton — studija slu¢aja

A comparative life-cycle assessment of structural composite steel-concrete floor systems — A case study
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1. Introduction - Hrzz
) LWI-FLOOR Croatian Science
RESEARCH PROJECT Foundation
O1 ...to establish research group 02 ...to investigate and validate, experimentally, numerically and
probabilistically components of proposed system
ER1: Research group equipped with
knowledge and instrumentation for ER2: Technical report with test results on materials and optimal welded and
specimen's preparation, experimental, shear connections solutions.
numerical and probabilistic testing,
understanding components and overall C:ﬁ . .
behaviour of the proposed system through 03_ ..o Investigate and
the entire life cycle. ) validate, experimentally,
numerically and
probabilistically proposed
06 ...to prepare project proposals and ‘ SySiem
applying to other sources of funding IWT-FLOOR
amesonsion: s - ER3: Technical report with

ERG: Research group as a centre of expertise self- results for the proposed system
sustained through other national and international
funding sources. ~

04 ...to validate proposed floor system through on numerical

parametric studies, probabilistic methods and life cycle
analyses
' ) ) ) ER4: Report with validation of FE models for different floor system

ERS: Technical recommendations for design and typologies and results of numerical, probabilistic and life cycle studies
fabrication will be proposed of specimens with larger spans.
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2. Realised activities 15t year

1st Project Period

Results to be achieved RG member
D1. Defined project implementation management plan (O1 to 06) — IL

D2. Project Kickoff Meeting: Electronic data exchange facilities will be organized for All
communication data sharing (O1 to 06) -
D3. Project webpage installation, profile of the project on the Academic Social Network Site and IL
visual identity of the project (O1 to 06) —

IL, PhD Student (D)
IL
Al
Al
D
D

D10. Design of specimens for testing and technical specification for fabrication (02, 03) - IL, D, MB, I€, IC
IL, D, M8, 1€, IC
IL, D, MB, 1€, IC
IL, D, M8, I€, IC

D14. Presentation of the project results one or two papers (ICMS'21) and one or two papers IL, b, 1€, 1C, IC
(IABSE 2021) (02) -

D15. Journal Paper SCOPUS WoS Q3, Q4 — state of the art paper (02, 03) — IL, D, MB, I, IC
D16. 1st Workshop organised (O1 to 02) — All
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« D1. Defined project implementation management plan

06)
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PLAN UPRAVLJANJA PROJEKTOM LWT-FLOOR
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2. Realised activities 15t year Rl "

RESEARCH PRO] JECT

« D2. Project Kickoff Meeting: Electronic data exchange
facilities will be organized for communication data sharing

Project title: Innovative lightweight cold-formed steel-concrete composite floor system

Croatian Science

Foundation

Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964 4. Electronic data exchange facilities " ke

Kickoff research group meeting - 17.2.2021

e o«

LWT-FLOOR Project [ —

Innovative lightweight cold-formed S\ Ay

steel-concrete composite floor system
Ivan Lukacevi¢
[~ |
o * OneDrive folder in LWT-FLOOR Project RG Team
£ Unversty of Zegeb/Facityof il Engineering e e s o e
http://www.grad.unizg.hr/lwtfloor = Malwemariasaiiuioy  Kickolf research group meeting - 17.2.2021. van Lukatevk
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2. Realised activities 15t year

« Da3. Project webpage installation, profile of the project on the
Academic Social Network Site and visual identity of the
project (O1 to O6)

== "/7-FLOOR Project

o P tre Lanowstive bobtweight cold éormed weel concrets compout floor syites m = " 2 ™ o a . B
Sropect Smary Aoy AWT-ROOR . .
PO e 5 1 293902 7960

B 1. 5 - vt s o »
INT-f

e 1674.300.00 WRX.

i, N R E 00 e s
St Hrzz @S - €
e e R o -
'm &
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2. Realised activities 15t year HIrZz

RESEARCH PROJECT Foundation

* DA4. Presentation of project on the web site (O1 to O6)

202109, 07 i 202112, 23

202112, 03

1 Lukadenk X .
Auttor: Tven Lukate

Presentation of the LWT-FLOOR project at WMCAUS 2021
Symposium

L. Lidadeié prasercad the pacer “Tnnovative Lightweight Cold-Formed
Steel-Concrete Composite Floor System — LWT-FLOOR project” s the

Merry Christmas and a happy and prosperous new year!

Presentation of the paper at 3rd International Conference
Wig wigh you a Marry Christmas and a happy and prospanous new year!

on Lightweight Design of Engineering Structures — LIMAS

2021 LWT-FLOOR, Project Reseacch Group Members

eh Workd Multdscgiingy Onil Engreerng-Archaecture-Urtan Paning L Lubadenic presented the pacer "Numerical Analysis of Lightweight Cold- £ n .
Crach Rapulc, which has baen organised Formed Steel-Concrete Composite Flooe System” 3¢ the 3r¢ Intermations lWT_l.‘l{"]R [ Delec

The corference program can be found 2t Conference on Lightweight Design of Engineering
ALS 2021 Program Book Edinburgh, UK. which has been organised from
The conference program can ba found at the following

RESEARCH PROJECT

ke hetp . C ea/ LIMA

The paper deals with the ovenvew of the LWT
prafiminary numarical evakiations.

-FLOOR project and the results of PULTY T eoe

2112, 23

2109, 07

The first workshop of LWT-FLOOR project

On December 177, the first LNT-FLOOR project worshop was heid. We thank
all the presencers and parcipants of the workshop,

Presentation of the paper at Eurosteel 2021 Conference
L Lukadeni presertad the pacer "Numerical study on bending resistance
of cold-formed steel back-to-back built-up elements” at the %
Exropaan Confarence on Steel and Composite Structires. Eurostesl 2
ShefSeld, UK. which has baen orgarised onine from 1-3 Saptember
conferance program can be found at the following ek

202111, 25

Ao Tvan Lukatevi

The videas of workshop presentations and discussiors will be publishad on the
project web page soon.

LWT-FLOOR project logo has been created!
LWT-FLOOR project logo has been creaced!

Tha paper deals with the rumarical seudy on banding resisance of cold-formed
soeel b

sl el i e one of the batic components of the LWT- lw'[_l;loﬂn e _.,"‘:

RESEARCH PROJECT

2112, 20

Aahor

The presented paper has bees published in Wiy -Emst 8 Sohn journal
capagens:

The first research group meeting

On 37 of Decembes. the first onling mesting of the research group was beld, at
which the schasverents of the project so far were presented, as vell as the
e 1 v plans for the continuation of the project implementation. The current members
of the project were introduced to the newly employed docors! students and
.- The LWT-FLOOR research group has been established! their rolies in the project activities.
The LWT-ROOR research group has been astatlished! From tha 15th of [ Dedese | B3]
Novembes & PRD studers Andres Rajé has been employed, and from the 22nd N -
of Noverrber, sha s offically a member of the LWT-FLOCR research group!

Ladeve, hans Ungureanu, Viors!: Vakdic, Andalo; Curkovid, hvan Numerical

study on bending resistance of cold- formed steel back-to-back built- . r mmm 202111, 25

up elements |/ CE papers. 4 487-494 do:10.1002/cepn. 1320
(medurarades recenya, Sanak

202107, 16

: Congrandations. Ancrea Rajc -
Presentation of the LWT-FLOOR project - Visit of experts [o 20 ] <) 3 ’

from EPFL to FCE ) ) ) .- New research group member!
:).1»'»;;.: presestation of ,;-::_a m—r;:c activities of ar;v&f_: from 202111, 19 PhD smudent Vishe Suvelek become officially a mamber of the LWT-FLOCR
ole Pofytechnique Fidiraie de Lausanne (E9FL) and wxparts from the r =3 v resaarch greup. Congrandssons, Viaho Suvelekt

2112, 20

University of Zagreh, Faculy of Ovil Engineering (FCE), on the 14t of July 2021

Aol S Sl Cind: gramsielit ket Gienials & (RTADOR .- Presentation of the paper at 10th Intemational
P Conference on Business, Technology and Innovation 2021
pprmesmms ol Y,
formed steel-concrete composite beam in bending” 10th - - =
Ircernations! Conference on Business, Tachnology and Innovation 2021 - sub )
conference 10th International Cnil Enginetring, Infrastructure and Envirconment e e 1st Workshop LWT-FLOOR Project
C:Haﬂince. Priitina, Kosovo, has bean organised onling from 2?—30 ist UWT-FLOOR Project WORKSHOP will be organised at the University of
[— 2102 07 ) Shcuter VAR Vo Sty of W P A s st W o - . Ao Zagreh Faculty of Gl Engnesring, Zagreb, Croatia on 17th of Decamber 2021,
r Acsmr. D Lukale % ferences. it J vo-conter 2024/11710¢ S Ovne. Ams of the worishop ane the prasentation of the LWT-FLOOR project
7 W Ofcal start of the LWT-FLOOR project backeund pramerton s daciadns s ened s
R & 2 P A viact clficialy saread on 3 The paper deals with the rumerical study on banding resistance of bul-up cold- = - s - e
"t“ hagpy o anncunce thae UWT-RLOOR prosect officially stared on January 'or-:c sl ot coitata b v sroject advisors related to the composite and cold-formed steel mruchural
i 2 elements.

Tha presented paper will be published in Confarence procadings s00n.
A nerkshep fiyer wizh the programme i available HETE,

The link for the lve event via MS Tearns is avaidable
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2. Realised activities 15t year
« D5. Literature delivered (O2 to O5)

ECCS !l
cecm L0
3

ks ||

SHEAR CONNECTIONS IN

COMPOSITE FLEXURAL MEMBERS OF
STEEL AND CONCRETE

1" EDITION

Technical Comenittee 11
Camposite Shuctures

N° 138 2017

LA COMN U TN L
CINWT s

- - . - r
R
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2. Realised activities 1st year B8 Hrzz

RESEARCH PROJECT Foundation

* D6. PhD student employed; research group established (O1)

- Eded: 2021-11-25 4
2‘-'2111 25 Gted: 20 1-25 & 0B:48

i ~— , == Author: Tvan Lukaleid
RSN (Fr .- The LWT-FLOOR research group has been established!
T The LWT-FLOOR research group has been established! From the 15th of
November a PhD student Andrea Rajic has been employed, and from the 22nd

of November, she is officially a member of the LWT-FLOOR research group!
Congratulations, Andrea Rajic!

Edited: 2021-12-20 at 13:28
202112, 20 Author: Ivan Lukacevi¢

New research group member!

s PhD student Vlaho Zuvelek become officially a member of the LWT-FLOOR
research group. Congratulations, Viaho Zuvelek!
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2. Realised activities 15t year

LWI-FLOOR
RESEARCH PROJECT

« D7. 15t Research group coordination meeting (O1 to O6)

Project title: Innovative lightweight cold-formed steel-concrete composite floor system
Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964
1%t research group meeting —3.12.2021.

LWT-FLOOR Project
Innovative lightweight cold-formed
steel-concrete composite floor system

lvan Lukacevic¢

| o nrzz
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2. Realised activities 15t year HIrZz

RESEARCH PROJECT Foundation

« D10. Design of specimens for testing and technical
specification for fabrication (02, O3)

S EvaTa e BEBNe e S Rta honit A s - et ity

: dn ’- Stz A5 : -
{t f.. — . Hrzz P
SADRZAJ

SADRZAJ m
1 OPCE INFORMACUE O PROJEKTU 1
OPCENITO 2
VLACNO I TLACNO ISPITIVANJE UZORAKA MATERUALA 4
31 Opcento 4
32 Cebéni limovi 4
’ 33 Amatun 6
IWT-FLOOR 34 Va 6
—_— 35 Beton 6
4 VLACNO ISPITIVANJE TOCKASTIH ZAVARA 7
b ISPITIVANJE UZORAKA POSMICNIH VEZA 10
PROJEKTIRANJE UZORAKA ZA ISPITIVANJE | . T RO S is
TEHNICKE SPECIFIKACIJE ZA IZRADU LWT- 7 ISPITIVANJE UZORAKA SUSTAVA LWT-FLOOR 19

FLOOR

Zagreb, 2021
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2. Realised activities 15t year

« D11. Fabrication of material specimens (0O2)

= ‘ Gl " =
s ’ . ety han Lastenc
L 10 4 asaes .-.. !"[EE 1¥1-fio0n .I.' Wzl e iy ey
Ctasrente ":\"'u _— .— Usorc =aweis

SADRZAJ
SADRZAJ -
1 OPCE INFORMACUE O PROJEKTU 1

2 UZORCIMATERUALA
21 Celitni imovi
2

Armatura 1
| Vya 1
’/ 4 Bewe 13
| LWI-FL00R
UZORCI MATERIJALA LWT-FLOOR
Zagreb, 2021
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Abstract: In the last few decades, the £ Jd-formed stecd
structural systems has constantly been increasing within the field of structural engincering, This can
be explained by efficient material usage, particularly noticeable when using cold-formed built-up
sections and the innovative types of shear This paper erview of the

opment of the col d compc floos systems. v, it provides
the background, planned activities, and prefiminary results of the current LWT-FLOOR project,
which is ongoing at the University of Zagreb, Faculty of Civil Engincering, Croatia. The proposed
structural system is formed of built-up cold d stecl beams and place concrete slabs
that are i using an type of shear Preliminary analytical and
numerical results on the system bending capacity are presented. Obtained results are mutually
comparable. The resistance of the fixed beam solution is governed by the resistance of the steel beam,
while pinned beam salution is governed by the degree of shear connection without the influence of
the increased msmber of spot welds in the steel beam

Keywords: cold-farmed built-up steel; spot welding;: steel-concrete compasite system; floos system;
finite element (FE) modelling

1. Introduction
One of the key strategies to reduce human impact on Earth is to completely rethink
our present lifestyle, especially the one led in industrialised countries. One of the critical
aspects of this new lifestyle is sustainability, including reducing raw material and energy
consumption. This can be achieved through innovations that will maximise the values
of the structural components and building materials during their lifecycle. Although a
despread, sy ch s still lacking, individual scientific projects are well
aware of this problem and provide relevant solutions. An excellent example of this is
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ble lifestyle.

The known fact is that composite steel-concrete systems are generally one of the most
costeffective structural systems applied in multi-storey buildings. The main reason behind
this is that compaosite steel-concrete solutions integrate structural efficiency and the speed
of construction. The structural efficiency results from the effective usage of structural
materials, namely steel and concrete, thus omitting their inherent disadvantages. On the
other hand, construction speed is enhanced since propping and formwork installation can
be significantly reduced or even completely avoided.

However, despite all the advantages and benefits of composite structural systems, so
far, they have not had the chance to be applied to any greater extent, i.e., certainly not to
the extent that they deserve [1]. According to Ahmed et al. [2], the main forces driving
the research within the field of composite steel-concrete structural systems are related

Bulkdings 2002,
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systems for multi-storey steel buildings because they combine structural efficiency with the speed of

construction. These advantages depend on the efficiency of combining steel and concrete structural
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the-art knowledge in new, fast and productive spot-welding technology and innovative cold-formed

steel-concrete composite solutions. The solution proposes a new construction method as a

combination of built- up cold-formed steel members and cast-in-place concrete slab. The proposed

floor system offers key benefits in terms of a high degree of prefabrication, reusability and long
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3. Realised activities 2"d year

2" Project Period

Results to be achieved RG member
D1. Presentation of project on the web site (01 to 06) — IL, AR

D2. 2" and 3" Research group coordination meeting (01 to 0O6) - All
D3. Training for one group member Introduction to Abaqus/Standard and Abaqus/Explicit (O2 to AR
05) -

DA4. Training for one group member Abaqus/Explicit: Advanced Topics (02 to 0O5) — AR or VZ

D5. Training for one group member experimental deformation analysis (02, 03) - AR or MB

D6. Technical report with test results on materials- 160 tests, see Application form (02) - IL, AR, MB, IC, VZ

D7. Technical report with test results on spot welded connections - 330 tests, see Application form IL, AR, MB, IC, VZ
(02) -

D8. Technical report with results for tested types of shear connections - 30 tests, see Application IL, AR, MB, IC, VZ
form (02) -

D9. Technical report with interpretation of results for tested types of shear connections - 30 tests, IL, AR, MB, IC, VZ
see Application form (02) -

D10. Fabrication of full-scale steel specimens — 4 ( ) specimens, see Application form (03)- IL, AR, MB, IC, VZ

D11. Fabrication of full-scale composite specimens — 4 ( ) specimens, see Application form (03) — IL, AR, MB, IC, VZ

D12. Presentation of one or two papers (SDSS 2022) (02) - AR, I€
D13. 2nd Workshop organised (01 to 02) - All
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« D1. Presentation of project on the web site (O1 to O6)

3. Realised activities 2"d year

" v 202210, 28 -
Edited: 2022-06-21 at 11:25 thor: o
202206 21 Author: Tvan Lukacevic Pluabiln) @ Author: Andrea Rajié / Authors Tvan Lukatent
. . . k Best Student Presentation Award at CFSRC 2022
Presentation of the LWT-FLOOR project and recent The International Colloquium on Stability and Ductility of A )‘) = Colloguium

project activities the International scientific and technical Steel Structures

conference «Modern structures of metal and wood>»

PhD student and Research Assistant Andre: received an award for best
student presentation at CFSRC 2022 Colloquium for the presentation of the
paper "Numerical study of cold-formed steel-concrete composite floor system
with demountable shear connectors”. More info can be found here.
Conaratulations Andrea!!!!!

Two new research papers have been presented at the International Colloquium
on Stability and Ductility of Steel Structures (SDSS 2022} held at the University
of Aveiro, Portugal, on the 14-16 of September 2022. The paper "Numerical
Investigation of Shear Connection in Cold-formed Steel-concrete Composite

A. Rajic presented the report "Innovative lightweight composite flaor system —
built-up cold-formed steel-concrete” at the International scientific and technical

conference «Modemn structures of metal and wood», Odesa, Ukraine, which has Beam" coauthored by Ivan Curkovi¢, Ivan Lukatevi¢, Vaho Zuvelek, Andrea

been organised online from 911 June 2022. The report can be found at the Raji¢ has been presented by Assistant Professor Tvan Curkovi¢

following link: https:/| pk.wixsite.com/sbarnik/arhiveconf?lang=en (htt nlinelib om/do cepa.1827). The paper "Parametric ~ Edited: 2022-10-28 at 13:32
Finite Element Analyses of Lightweight Cold-formed Steel-concrete Composite i III | C F S R C 202210| 28 P P

The recorded presentations from the conference can be found at the following Floor Beams™ coauthored by Ivan Lukatevic, Ivan Curkevic, Andrea Rajic, Viaho iy :

link: https://odabamdipk.wixsite.com/sbornik/c: ncess?lang Zuvelek has been presented by Research Assistant Andrea Raji¢ ~ COLLOQUIUM cCold-Formed Steel Research Consortium Colloquium 2022
(Htpszpfontinett Jleepsnze). (CFSRC Colloguium 2022)

Edited: 2022-06-21 at 11:06 Three new research papers have been presented at the Cold-Formed Steel
202206, 13 e Research Consortium Colloguium 2022 (CFSRC Colloquium 2022) organised
202209, 09 Author: Andrea Rajic online at Johns Hopkins University by Thin-Walled Structure Group, Baltimore,

Push tests of innovative shear connection USA, on the 17-19 of October 2022. The paper "Numerical study of cold-formed

8th DOCTORAL SYMPOSIUM IN CIVIL ENGINEERING steel-concrete compasite floor system with demountable shear connectors”,

Master students of the course Composite Structures (2nd year of graduate
master study) on Wednesday, June 8, 2022, had the opportunity to attend a
push-out laboratory test of innovative shear connection in the Laboratory for
Structural Testing at the University of Zagreb, Faculty of Civile Engineering.

coauthored by Andrea Rajic, Ivan Lukacevié, van Curkovi¢ and Viaho Zuvelek
has been presented by Research Assistant Andrea
(https:/fischolarship.library.jhu.edu/handle, . The paper
“Numerical study of the behavior of the bolted shear connection in cold-formed
steal-concrete composite beam”, coauthored by Vizho Zuvelek, Tvan Curkovic,
The symposium program can be found at the following link: Tvan Lukaevié and Andrea Rajic, has been presented by Research Assistant
https: 022/Program_Sim; Vlaho Zuvelek ). The

A. Raji¢ presented the paper "Analyses of LWT-FLOOR system bending
resistance” at the 8th Doctoral Syposium in Giil Enginnering which has been
organised from 5-6 September 2022 at the Faculty if Civil Engineering,
University of Zagreb, Croatia.

Before testing in the laboratory, the HRZZ project LWT-FLOOR is presented to
students.

olarship.library.jhu.edu/hand|

paper "Numerical parametric study on corrugated web built-up beams with
pinned end supports”, coauthored by Ivan Lukagevi¢ 2nd Viorel Ungureanu, has
Edited: 2022-09-00 at 08:34 been presented by Assistant Professor Ivan Lukacevic

More information can be found here.

202209, 0S

Author: Andrea Raji¢ u.edu/handle/ 1774,

{/ischolarship.librar

Edited: 2022-02-12 at 16:20
buildings 202202, 12 s
ﬂ g — ﬁ Author: Ivan LukaZevie 8th DOCTORAL SYPOSIUM IN CIVIL ENGINEERING N
Sl ) V. Zuvelek presented the paper "Numerical study of shear connection in N 202210, 04 Edited: 2022-10-04 2t 15:50
———— New paper related to LWT-FLOOR project has been cold-formed steel-concrete composite beam™ at the 8th Doctoral Author: Andrea Rajié
published! Syposium in Civil Engineering which has been organised from 5-6 September

Presentation of papers at 9th gathering of young
researchers in the field of construction and related
technical sciences called COMMON FOUNDATIONS 2022
V. Zuvelek and A. Raji¢ presented their papers at the 9th gathering of young
researchers in the field of construction 2nd related technical sciences called
COMMON FOUNDATIONS 2022 which has been organised from 28-30
September 2022 in Osijek, Croatia.

Lukatevi¢, Ivan; Curkovi, Tvan; Rajié, Andrea; Bartolac, Marko Lightweight 2022 at the Faculty if Civil Enginnering, University of Zagreb, Croatia.

Composite Floor System—Cold-Formed Steel and Concrete—LWT-
FLOOR Project // Buildings. 12, (2022) no. 2:
209; https://doi.org/10.3390/buildings12020209

The symposium program can be found at the following link:
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« Da3. Training for one group member Introduction to
Abaqus/Standard and Abaqus/Explicit (O2 to O5)

conmrois M oIS M C3NTREE M

Computer Controls d.o.0, Vodovodna 20A, Zagreb, Hrvatska Computer Controls d.0.0, Vodovodna 20A, Zagreb, Hrvatska Computer Controls d.0.0, Vodovodna 20A, Zagreb, Hrvatska

3. Realised activities 2"d year

POTVRDA POTVRDA POTVRDA

O zavrienoj radionici iz Abaqus 2021 programskog paketa © zavrienoj radionici iz Abaqus 2021 programskog paketa O zavrienoj radionici iz Abaqus 2021 programskog paketa
Introduction to Abaqus Standard and Abaqus Introduction to Abaqus Standard and Abaqus Introduction to Abaqus Standard and Abaqus
Explicit Explicit Explicit
U frajanju od 5 dana (40 sati) U trojanju od 5 dana (40 sati) U trojanju od 5 dana (40 sati)

s . s
Marko Bartolac lvan Cudina Andrea Raji¢

Zagreb, 25. veljade 2022

soumons Eopsies ook dio-o Zogreb, 25. veljode 2022 e Computer Controls d.0.0 Zagreb, 25. veljade 2022. e Computer Controls d.0.0

ot ¥ PARTHER PARTNER
Sven Vuéic, maging.mech Sven Vuéi¢, maging.mech

2 Sven Vu&ié, maging.mech =

Computer Controls d.0.0 je oviaiteni Dassault Systemes pariner za . o 24 Computer Controls d.0.0 je oviaiteni Dassault Systemes pariner za
podrugje CATIA, SIMULIA, ENOVIA, DELMIA, 3DExperience programske pfd?;né?g 3%2";;“;,}:‘;,’f;;';’?;;ﬁ,i“g’g;ﬁ,ﬁ':; f,og,c,'::ke podruéje CATIA, SIMULIA. ENOVIA. DELMIA, 3DExperience programske
opreme op;enxe opreme
www.ccontrols.hr/3ds www.ccontrols.hr/3ds www.ccontrols.hr/3ds
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3. Realised activities 2"d year '-'-Hrzz

Foundation

« DA4. Training for one group member Abaqus/EXplicit:
Advanced Topics (02 to O5)

< Dassault Systemes and
iy INCEPTRA, LLC - USA

27 Inceptra.
s e P O certify that

Vlaho Zuvelek

has completed the following course

ABAQUS/EXPLICIT: ADVANCED TOPICS, R2019

held in the UNITED STATES, on May 16-18, 2022

Instructor: Aaron Schwartz

Year - 2022
d
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3. Realised activities 2"d year

LWI-FLOOR

RESEARCH PROJECT

HIrZzZ

Croatian Science
Foundation

« Db5. Training for one group member experimental deformation
analysis (02, O3)

University of Zagreb

Faculty of Civil Engineering
LWT-FLOOR Project
http://www.grad.unizg.hr/Iwtfloor

TRCpro d.o.0. Tel
Vretkova 2 Fax
/’ﬁ ! 4000 Kranj email:
W/ Slovenja web.
IDDDV: Si 11495219 M$: 6421202000
CERTIFIKAT

Sto potvrduje da jest

Marko Bartolac

pohadao obuku:

Mjerenje relativnih deformacija primjenom
otporni¢kih tenzometara

TRCpro d.0.0.
24.i25.11. 2022

Predavac:

Hotimir Licen
llu’“w f‘“;\ ~
(O St
<RCT "
oty PARTNER
grad-unizg-MB_lu01_221125.docx n

Project title: Innovative lightweight cold-formed steel-concrete composite floor system
Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964
34 LWT-FLOOR Project Workshop

25


http://www.grad.unizg.hr/lwtfloor

HIrZzZ

Croatian Science
Foundation

3. Realised activities 2"d year
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« D6. Technical report with test results on materials- 160 (186)

tests, see Application form (O2) — finished

e A, WrZZ oo Bt HFZZ A
g oyt Hrzz it e I
e Zelii 1,0mm, 1,25 mum, 15 mm, 2,0 mm, 2,5 5
3,0 mm Ulkupno je ispitano 10 Zeliénih eproveta debljina 0.8 mm-1,5 mm Epruveta debliza elasticnosti. ji ispitano 25 valjaka (10 valjaka od 15 valjaka
3¢ aka od i iz pojs et od éegaje it ‘elasticnosti, a nakon toga.
: 10 epruvess. Usoraia o P —————————— 24 Vijei
o : >
debljine 3.0 bilo § (joi P % T %
=S p fi ——I= Ukupnoje ispitano 11 vijaka od Geza 6 vijzka M12 te 3 vijaka M16. Reulr piivanja viizka
A W12 prikazani s na shici 7, 2 vijeks M16 na slici 8
- - 1)\
=z / i i
00 2
LWI-FLOOR = gz
"""""""" ‘Slika 3. Rezultati ispitivanja betonskih valjaka na drobljenje

Fotografije ispitania uzoraka dane su u nastaviaa na slikama 4.1 5.

TEHNICKO IZVJESCE S REZULTATIMA
ISPITIVANJA NA UZORCIMA MATERIJALA

PR—
Slika 7. Regultan spitivenja vijaks M12

i
k'

uzonakLC_01

Zagreb, 2022.
2.5 Armaturne Sipke 16 turne mreie
thnojenvﬂmoSilﬂnmmjenSmhedﬂimeSDOmV:slmnpxﬂﬂumsu\mmu
D PG DR I S R e Uloupno je ispitann 5 Sipid izdvojenth iz armanime mrade, Siple s propjera 10 mm i dugine
500 mm. Ma shici 14, prikazani o uzord prije ispitivanja, & na shici 15, nakon ispitivanja.
Dijasram na slici 14. prikamije rezaltat izpitivanja za dipks izdvojens iz anmanms nreda,
Slika 11. Uzorci za amatumih Sipid prije ispitivanja
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3. Realised activities 2"d year '-'-Hrzz

Foundation

« D7. Technical report with test results on spot welded
connections - 330 (558) tests, see Application form (O2)

—

LWI-FLOOR

sila [kN]

TEHNICKO 1ZVJESCE S REZULTATIMA
ISPITIVANJA ZAVARENIH SPOJEVA

0.0 2.0 4.0 6.0 8.0 10.0 12.0
Pomak [mm]

Zagreh, 2022.
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Foundation

« D8. Technical report with results for tested types of shear
connections - 30 tests, see Application form (O2)

LWT-FLOOR

TEHNICKO I1ZVJESCE S REZULTATIMA ZA
ISPITANE TIPOVE POSMICNE VEZE

Zagreb, 2022. .

S 11, Ut CW_NC_ 08,013 ks spisvasis.

R e L L e e ——————
p— .

mada. Na s 11 12 pikazam s usercs (CW_NC_S6_01-03 1 CW_LC_08 010 5
vl o b 015 . P 2l peoredacng Pl os macks 254 b3
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3. Realised activities 2"d year '-'-Hrzz

RESEARCH PRO) JECT Foundation

« DO9. Technical report with interpretation of results for tested
types of shear connections - 30 tests, see Application form
(02)

GRADEVINGN) FARULTET

LWT-FLOOR

TEHNICKO 1IZVJESCE S INTERPRETACIJOM !
REZULTATA ZA ISPITANE TIPOVE POSMICNE e o
VEZE ) .

Ve (’/ ™
M ===

* pomak r,mm|ID 15 o Pomak [mm)
8lika 1. Rezultati ispitivanja u obliks keivulje sils-pomak za uzorke BB_01-03 i BE_04-06

5 10
Pomak [mm]

Maime, uzerak BB_0] se smatra kao testni uzorzk koji shiio za konfiguraciin postavki
ispitivanja. Madutim ukeoliko promotre cstali uzorct BE_XX moZe se ucdit da su postigh
Zagreb, 2022. zadoveljavajuéu otpomost kao 1 duktilnost obzirom na tip sustava.
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3. Realised activities 2"d year '-'-Hrzz

Foundation

« D10. Fabrication of full-scale steel specimens — 3 specimens,

see Application form (O3)
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« D11. Fabrication of full-scale composite specimens — 3
specimens, see Application form (O3)
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3. Realised activities 2"d year
« D12. Presentation of one or two papers (SDSS 2022) (02)

W) Chiock o upatos

LWI-FLOOR

RESEARCH PROJECT Foundation

W) Chock o upciae

The online collection S
for conference papers zrnst & Sohn
in civil engineering AR L

The online collection N
for conference papers Zrnst & Sohn
in civil engineering . .

ce/papers ce/papers

e [ls8 s

INAL ARTICLE

Numerical Investigation of Shear Connection in Cold- Parametric Finite Element Analyses of Lightweight Cold-
formed Steel-concrete Composite Beam formed Steel-concrete Composite Floor Beams

. - zeviel . ict et 5 1
Ivan Curkovic!, Ivan Lukazevic!, Visho Zuvelek!, Andrea Rajic! Ivan Lukagevic !, lvan Curkovic !, Andrea Raji¢?, viaho Zuvelek

Correspondence Abstract

Correspondence Abstract

Ak, prof hvan Luladzvié, Phi, CE Compasite structural systems have mamy benefils. such a5 2 high degree of profabrication.

Aasit. prof. InnCurk:M: PHDCE Rescarches show that composite systcms made by combining cold-formed steel [CFS) clements :,J::,f"";{g: ﬁ"?ﬂm reussbility and long span capability. The main advantage of such systoms is manifested through
University of Z3gn and conerctc cam produce excellent propertics enmeared to traditional solitions. Onc of the Arvrﬁvu e e the and concrte. Additicnall for
e and reusability, the system can aka rezult in 2 much smallcr carbon foctorint at the cnd of life.

Faculty of Ciil H'wu::mu . = -
. solutian which cmplays CFS claments and cancrete is the subject af rescarch within the LWT
10000 Zagrch, Craztia
Email:ivamcurkovic@grad unizg b

10000 Zagreks, Croatia
FLOOR project. The LWT-FLOOR system consists of buili-up CFS beams with corrugated web. Emai:j

carnczted by spat wekls and concrete slab with an innovative shear canncetion. This paper
presents 3 numerical mvestication of two types of shear conncctions suitable for the proposcd

These advantages re particularly emphasiscd with the implementation of cold-formed stecl
scctians. This paper prescnts an mnovative solution for 2 composite Aoor strucure systom
corsisting of builium cold-formed prafilcs and conoreic siats mads with orafiled shects. The
influcnce of the , type bcam clements, the

conncction adircct
shear s ks af the stocl girder “The sooond e e e e
type of shear conncetion is achicved wsing 3 compasite dowel rib conncetor realized through 2 systemis analyscd T nflucnce af

steel beam clements and the degree of shear connoction had the most significant impact on
spstembehavious I condrast. the stecl beam height, the comugated web thickness and spot weld
density had loss influcnce on the analyscd compasite system behavicur. The obtained results

storl beam corrugated web. bn this casc. the connection between the profiles. of the stecl beam
and the concrete fange is realised indircetly, ic., through spot welds betwoen € profiles and
corrugated web, Th results of FE simulations indicate that 3 sokition with bolts cnsurcs higher

shcar, but reduces its ductility. These reults pravide the basis for the conduction of cxperimental
push-nut tests of the proposcd shear connection types.

Keywords

camposite beam, cold-formed stecl (CFS), spatweld, built-up scotion, composite dowel rib
comcetor, demountable shear concetor

1 Introduction y g -
N M

Overthe ears, topics regarding! impact

ofmzmrtmwmmmbe(mwuemmum These  Onthe other hand. cormugatedweb beams have emergedin the past

topics address . which acdes and applications Their primary

can, inpart be: energy and raw 2 -welded |-sectionare weight reduction

material by increasing the values of the structural components and
building materials during their lifscycle. An excallent example of
such an approach is the application of composite steel-concrete
structural systems, which have been around for quite some time
o, I the first place, the application of composite stecl-conarete
structural systems ensures effective usage of each structural
material {steel and concrete) to avoid their inherent disadvantages
while also integrating increasad construction spesds

These advantages in the ficld of steel-concrete composite fioor
systems can be further enhanced by using 3 newly proposd
structural system composed of built-up cold-formed stee! (CFS)
corrugated web grders and concrete slzbs connected using
innovative types of shear connections The application of CFS
‘sections in steel-concrete composite floor systems can result in

andincreased beamlocal and global stability:

To investigste the behaviour of the newly proposed structural
‘system which is comprised of buitt-up CFS with corrugated web
connected by spot welds and concrete slab with innovative type of
shear connection, the scientific project LWT-FLOOR has been

proposed and is currently ongoing =t the University of Zagreh,
Facuity of Civil Engnesring. Croatia. The goal of the praject is to
investigate all the compornents of the structural system, as well as
the entire system using numericzl. experimental. and probabilistic
methods o establish analytical proposals for the design
recommendations.

This paper aims to present

o types of shear connections that are suitable for the proposed

‘composite soéution. The first type of shear connection is completed
headed

1 University of Zagreb, Faculty of Civil Enginesring Zagreb,
Croatia.

stud shear connectors, i, bolts, which
prwvdeamrmshea'(ml\ecmn between the flange profiles of the
steel girder: concretesiab The:

pravids the basis for implementing laboratory rescarch on the proposed system.

Keywords

-

ot welding, Parametric FE analyzcs

1 Imroduction

Composite steel-concrete systems are generally one of the most
cost-ffective structural systems applied in multi-storey buildings.
The development of composite structural systems has resulted in
desirable and environmentally friendly fioor system solutions vath
many advantages. The main advantage o this system is manifested
through the optimal utilisation of two materials H

structural efficency and spesd of comstruction. Additionally,
aliowing for demountability and reusability. the system can also
resultin a much smaller carbon footprint at the end of life

According to Ahmed and Tsavdaridis [1], whose paper presents a

detiled overview of the of the steel-concrete

‘compasite system. the main cbjectives driving the research within

the field of ncrete structural systems are related

to the development of innovative construction methods and new

structural products, best applications of new a5 wel as
matenals, and of

The implementation of cold-formed steel sections, which have high
ductility and tensile strength, in combination with concrete with
high stiffness and compressive strength. is in line with the
menticned objectives

Cold-formed steel has seen extensive research and application in
composite slabs [1] However, it has not been extensrvely usad in
composite beam solutions where the downstand beam is made of
cold-formed buitt-up stesl secticns and works together with the
concrete Range. although such an idea has been around for 2 couple
of decades [7] Some advantages of composite beams using cold-
formed buit-up stesl sections and concrete slabs are fexibility in
architectural and beam cross-section design. the possibiity of
shallow slab depths. essily adaptston to isgular geometry.
enabling reduction of self-weight, etc Further optimisation of
composite systems can also be achieved by reducing seif-weight
with the application of lightweight concrete. However, the

behaviour of such str nat been til arecent

and towards lity and
resilience

1 University of Zagreb, Faculty of Cil Engineening Zagreb,
Croatia

coupleof years. i to agreater extent [3].

A review of recent applications of cold-formed steel with different
typesof shear connections can be found in the pager by Lukaéavicet
al. [4] Some of these recent applications will be presented in short
formin the following paragraphs.

Hanaour [2] was among the first to examine the behaviour of

© 2022 Emst & Sohn GmbH. - caipapers 5§ (2022). No. 4

hitps:idai orgi10. 1002/cepa. 1627
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 D13. 2nd Workshop organised (O1 to O2)

>

INT-FLOOR

2. Radionica LWT-FLOOR
’ 2"d Workshop LWT-FLOOR

IWT-FLOOR

Y

INT-F00R

PROGRAM // PROGRAMME

Soba 219, 2. kat glavna zgrada //Room 219, 2™ floor main building

X stesl-concrate composte floor Fystem
coid-formed

Innavative lightweight
Rt R e U 81042 50
19 AT LOOR Prject Workhos

Openi ion - pi of the LWT
FL?)OR project and overview of the realised
activities

Ivan Lukacevié

@ gt Hrzz
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4. Realised activities 39 year

3" Project Period
Results to be achieved RG member
D1. Presentation of project on the web site (01 to 06) — IL, AR
D2. 4th and 5" Research group coordination meeting (01 to 06) — All
D3. Training for one group member - DAQ system (02, 03) — MB

D4. Technical report with results for full-scale steel specimens - 3 tests, see Application form (03)— RIS URIARYIAYE:

D5. Technical report with results for full-scale composite floor system specimens - 3 tests, see IL, AR, MB, IC, VZ
Application form (03) —

D6. Technical report with interpretation of results for full-scale steel and composite floor system IL, AR, MB, IC, VZ
specimens (03)-

D7. Report with validation of FEM models for analysed types of shear connection (02)- IL, AR, MP, IC, VZ,
FLB

D8. Presentation of one or two papers (ICAEM 2023) and one or two papers (EUROSTEEL 2023) IL, AR, MB, IC, VZ
(02, 03)-

D9. Journal Paper SCOPUS WoS Q1, Q2 (02, 03)- IL, AR, MB, IC, VZ
D10. 3rd Workshop organised (O1 to 03) - All

= University of Zagreb Project title: Innovative lightweight cold-formed steel-concrete composite floor system

Faculty of Civil Engineering . . .
f LWT-FLOOR Project Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964 34
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HIrZzZ

LWT-FLOOR Croatian Science

RESEARCH PROJECT Foundation

« D1. Presentation of project on the web site (O1 to O6)

Edited: 2023-10-06 2t 10:51

202310, 06 Puthor: Tvan Lukadenic

20th International Symposium of MASE - Resilient
Structures

Ivan Lukalevic and Ivan Curkovi¢ presented the paper "Bending resistance of

composite steel-concrete floor system made of built-up cold-formed
e e nem e steel elements” at the 920th International Sympasium of MASE - Resilient
e e s Structures, Skopje, North Macedonia, which has been organised fro 28 to 29

September 2023 in Skopje.

202312, 12

3rd Workshop LWT-FLOOR Project

3rd LWT-FLOOR Project WORKSHOP will be organised at the University of
Zagreb, Faculty of Civil Enginesring, Zagreb, Croatia on 21th of December 2023,
aundil chamber, ground flaor left, Kranjceviceva 2.

The canferance programme can be found st the following link:

https/fmase.ghukim 0_Final_Program

A
The pressnted paper:

A workshap fiyer with the preliminary pragramme is available HERE.

Lukadevié, Ivan; Curkovié, Ivan; Raji¢, Andrea; Zuvelek, Vishe:

Bending r P oar made of built-up
— Edited: 2093-11-20 2t 08:34 PROCEEDINGS OF THE 20th INTERNATIONAL
. Author: Andrea Rajié SYMPOSIUM OF MASE{ Skopje, Sveufiliste sv. Cirila i Metoda Skopje. str, 421~
430,
New journal paper related to LWT-FLOOR project has
been published!
Rajié, A.; Lukafevié, 1.; Skejié, D.; Unguresnu, V. Cold-formed Steel-Concrate 202310, 06 Edited: 2023-10-06 at 10:53

Composite Beams with Back-to-Back Channel Sections in Banding. Civil Author: Ivan Lukagevic

enginesring journal (Tehran), 9 (2023.), 10; 2345-2369. doi: 10

2 001 Eighth International Symposium on Life-Cycle Civil
Engineering (IALCCE 2023)
The new research paper "A ive life-cycle £
202310, 06

Author: Tvan Lukafevic structural composite steel-concrete floor systems — A case study”
coauthored by Ivan LukaZevié, Andrea Rajic, Viorel Ungureany and Raluca

Testing of LWT-FLOOR composite girders
The LWT-FLOOR compoesite girders were tested.

Buzatu is prasented by Professor Vioral Ungureanu at the Eighth International
Sympasium en Life-Cycle Crvil Engineering (IALCCE 2023). The conferance was
held in Milan, Ttaly, July 2-6, 2023, under the auspices of Politacnico di Milano.

IALCCE 2023

ok

Edited: 2023-10-06 at 10:52

023
RIZEAD) T2 Author: Tvan Lukadevié
Edited: 2023-10-06 at 10:53

202310, 06 Author; Tvan Lukagenié

14th International Conference "Modern Building Materials,
Structures and Techniques” (MBMST 2023)

The new research paper "Laboratory tests of lightweight composite floor
system LWT-FLOOR™ coauthored by Ivan Lukafenié, Marko Bartolac, Ivan
Curkovié, Andrea Rajié and Vlaho Zuvlsk is presented by Professor Marka
Bartolac at the 14th International Cenference “Modern Building Materials,
Structures and Techniques” (MBMST 2023). The conference was held in Vilnius,
Lithuania on October 5-6, 2023. The Conference is organised by the Faculty of
Civil Engineering of VILNIUS TECH.

10th European conference on steel and composite
structures (EUROSTEEL 2023)

Two new research papers have been presented at the 10th European
Conference on Steel and Composite Structures (EUROSTEEL 2023) jointly
aorganized by TU Delft, ETH Zurich and Bouwen met Staal, and supportad by
ECCS held in Amsterdam, from 12 to 14 September 2023.

The conference programme <an be found at the following link: The paper "Performance evaluation of cold-formed steel spot weld

Canfes e

connections” coauthorad by Andrea Raji, Ivan Lukadevié, Tvan Curkovié, Visha
Zuvelek has been presented by Research Assistant Andrea Rajic

The paper "Finite Element Analyses of Demountable Shear Connection
in Cold: d Steel © ite Beam Based on
Experimental Data” cosuthored by Vlsho Zuvelek, Ivan urkovié, Tvan
Lukaevié, Andrea Raji¢ has been presented by Research Assistant Wlaho

Faculty of Civil Engineering . . .
.- LWT-FLOOR Project Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964

http://www.grad.unizg.hr/lwtfloor 34 LWT-FLOOR Project Workshop
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Edited: 2023-07-17 3t 09:35

202307, 17 Author: Ivan LukaZevé

New journal paper related to LWT-FLOOR project has
been published!

Rajié, A.; Lukadevié, 1.; Skejié, D.; Curkovié, 1. Numerical Study on the
Bending Resistance of Lightweight Built-Up Steel-Concrete Composite
Beams. Agpl, 5cic 2023, 13, 7397, hitps://doi.crg/10,33590/2pp1 3137357

Edited: 2023-07-17 at 09:21

202307, 17 Author: Ivan LukaZent

Testing of LWT-FLOOR steel girders
The LWT-FLOOR steel girders were tested.

Edited: 2022-12-23 3t 08:34

202212 23 Author: Tran LukaZevié

Merry Christmas and a happy and prosperous new year!
‘We wish you a Merry Christmas and a happy and prosperous 2023 year!

LWT-FLOOR Project Research Group Members

Edited: 2023-13-23 3t 08:33

202212, 23 Author: Toan Lukaevic

The second workshop of LWT-FLOOR project

On December 15th, the second LWT-FLOOR project workshog was held, We
thank all the presenters and participants of the workshop.

The workshop presentations will be published on the project web page scon.

= University of Zagreb Project title: Innovative lightweight cold-formed steel-concrete composite floor system
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« D2. 4t and 5" Research group coordination meeting (O1 to

06)

Project title: Innovative lightweight cold-formed steel-concrete composite floor system
Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964
4% research group meeting — 21.7.2023.

LWT-FLOOR Project
Innovative lightweight cold-formed
steel-concrete composite floor system

Ivan Lukacdevié

I Hrvatska zaklada
zaznanost
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5t research group meeting — 7.12.2023.
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Ivan Lukacdevi¢
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4. Realised activities 39 year

« Da3. Training for one group member - DAQ system (02, O3) —
Training will be realised — January 2024

« DA4. Technical report with results for full-scale steel
specimens - 3 tests, see Application form (O3)

« Db5. Technical report with results for full-scale composite floor
system specimens - 3 tests, see Application form (O3)

« DG6. Technical report with interpretation of results for full-scale
steel and composite floor system specimens (O3)

« DY7. Report with validation of FEM models for analysed types
of shear connection (O2)

...we are working on all of these reports...
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« D8. Presentation of one or two papers (ICAEM 2023) and
one or two papers (EUROSTEEL 2023) (02, O3)
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Numerical Study on the Bending Resistance of Lightweight
Built-Up Steel-Concrete Composite Beams

Andrea Raji ), Ivan Lukagevi *(, Davor Skeji¢ © and Ivan Curkovié
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Abstract: This paper investigates the bending resistance of an inmovative lightweight composite
Hoor system, LWT-FLOOR. The system consists of builbup cold-formed steel elements that ane
spot-welded and connected to the concrete slab wsing demountable shear connectors. As the system

under investigation is new, the existing standands do not provide guidel for its.
bending msistance. This paper gives an overview of diffamnt analytical approaches and 1 comparison
of calculated msults using bending capacities from the 3 ic study. Within the

numerical parametric study, the influence of the height of the steel beam, the ty pe and degmree of shear
connection, the connection between the steel skements, and the thickness of the cormgated web wsed
for the bending capacity are investigated. Numerical results for the full shear connections resulted
in lower bending ities than the analytically calculated plastic bending resistances. However,
numerically obtamu] b;mlum, capmhm for pdrha] shear connections were found to exceed the

leulated cf linear bending and bending resistances for partial shear
connections. The obtained results will comprise the basis for further experimental tests, which will
support the search for an optimal analytical approach for the bending resistance of the proposed
compaosite systern.

Keywords: numerical analysis; anabytical bending P it i
steel sections; demountable shear connection

S, 13; Crlawid, | Numserical
Sty oo e Besding Risistana: of
Liglhbmecipht Buil Up Skeck Comcrck:
Compusite B, AFpL Sct 2003, 23,
T g sty WL
spplITET

Acutmic Exdilite Abil MUE
e Jesuss andd Fheea Kians Chai

Reusived: 17 May 2023
Fuviseck 16 i 2023

Avccpho 20 fu 207}
Pusbiided: 22 e 223

Copyright © 2023 by the asthors
Liceite MIPL Bassd, Switesctland
This arbicke i a6 open aooe stk
stk under the berms and
cusuitions of the Chestive Comines
Abtribation {OC Y} lasn: (b
ciitive i ong T, by
4071

1. Introduction

Cold-formed steel (CFS) elements are widely used and investigated due to their high
stiffness and strength, ease of prefabrication and installation, and low transportation cost
and handlu\g [1]. On the other hand, the combination of CFS with concrete slabs can

and lightweigh posite floar systems. Apart from the low self-weight
and the possibility of building Larger spans, the use of CFS profiles also makes it possible to
form various shapes of built-up open and closed cross-sections (e.g., from C and 2 sections),
The thickness of CFS profiles ranges from 1.2 mm to 6.4 mm [2] (the minimum thickness
is 0378 mm, according to [1]). The resistance of built-up sections and members can be
increased by arranging profiles in different positions and amrangements.

Different built-up CFS profiles with closed sections, as well as open profiles and
single profiles with holes, weme presented in paper [3]. Back-to-back CF5 profiles have
also been investigated; for example, two bolted C profiles were studied in [4). There are
also innovative types of CFS profiles, such as the rectangular hollow flange beams where
hollow flanges increase their buckling resistance [35]. To improve the buckling performance
of the back-to-back steel system, Portioli et al. [6] placed reinforced plates inside the hollow
flanges and studied cases with different spacings between the connections and different
configurations of web beads. The results show that the profiled web reinforcement (beads)
increases the ultimate load by 10%, whereas the spacings between the connections (150 mm
and 300 mm) reduces the load-bearing capacity by 30% Some other cross-section shapes
from CFS C-sections are investigated in [7]

Appl Sc. 223, 13, 7347, htps/  dod.ceg/ 103390/ app 3137357
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Abstract

Steel concrete composite structures are very attractive because of their characteristics, which can be emphasised by using
cold-formed steel instesd of hot-rolled ones. This paper presents possible anslytical spproaches snd 5 paramerric finite
element study of cold-formed steel concrete composite beams in bending. Analysed beams are formed of back-to-back
cold-formed steel channels snd concrete slabs connectad by demountsble shear connectors. A solid concrate slab on s
profiled metal sheet anslysed. Also, the smdy investigates the influence of cormugated web between the back-to-back
channels of different thicknesses. In the case of a comugated web, the distance betoreen the shear connectors is increased.
Furthermore, different degrees of shear connection, shear connector quality, and their arangements are considered. An
amalytical study is based on full and partis] shear connection sssumptions end non-linear beading resistance Tt is shown
that the steel channe] thickness and degres of shear connection significantly influsnce the beam bending capsciry as well
5 concrete slsb configurations. Conversely, a discrete connection between steel elements has a tunor effect. A comparison
of the maximmm obtained bending capacities in FE analyses is in good azreement with anslytical approaches for full snd
partial shear connections.

Eeywords: Cold-Formed Stesl; Steel-Concrete Compasite Baams: Demountable Shear Comnactions: Discrete and Costimious Shear
Comections, Bending Resistance; Numerical Study.

1. Introduction

In recent years, cold-formed steel (CFS) sections have become popular compared to hot-rolled sections because of
their benefits, such as lower price, reduced self-weight, easier on-site handling, and faster construction. Highly efficient
structural forms can be composed when using built-up CFS sections in structures. Furthermore, 2 higher resistance of
built-up sections can be achieved by using different coznection types between its compenents. For example, the study
an the bending resistance of back-to-back butlt-up CFS members showed that the bending resistance of steel sections
depends on the type of connection [1].

Selvaraj & Madhavan [2] investigate the current design expressions of back-to-back CF'S beams by oumerical study.
The steel beam comprises two identical sigma sections with = thickness of 125 mm and is connected by spot weldmg
The experimental results showed that the imtermediat spacing had a imfluence on the ultimate
capacity and failure modes. The bending capacity of a similar system, back-to-back CFS channels with edge-stiffened
holes, m-stiffened holes, and plain webs, was investigated by Chen et al. [3]. Because of the lack of available literature,
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5. Publications

Journal papers:

1. Lukacevic, Ivan; Ungureanu, Viorel; Valci¢, Andelo; Curkovié, Ivan: Numerical study on bending resistance of
cold- formed steel back-to-back built-up elements // ce/papers, 4 (2021), 2-4; 487-494
doi:10.1002/cepa,1320 (medunarodna recenzija, ¢lanak, znanstveni)

2. Lukacevic, Ivan; Curkovic, Ivan; Raji¢, Andrea; Cudina, Ivan: Innovative Lightweight Cold-Formed Steel-
Concrete Composite Floor System — LWT-FLOOR project // IOP conference series. Materials science and
engineering, 1203 (2021), 1-10 doi:10.1088/1757-899X/1203/3/032078 (medunarodna recenzija, clanak, znanstveni)

3. Lukacevic, Ivan; Curkovic, Ivan; Raji¢, Andrea; Bartolac, Marko: Lightweight Composite Floor System—Cold-
Formed Steel and Concrete—LWT-FLOOR Project // Buildings. 12, (2022) no. 2:

209; https://doi.org/10.3390/buildings12020209 (medunarodna recenzija, Clanak, znanstveni)

4. Lukadevi¢, Ivan; Curkovi¢, Ivan; Raji¢, Andrea: Zuvelek, Viaho: Parametric Finite Element Analyses of
Lightweight Cold-formed Steel-concrete Composite Floor Beams // ce/papers, 5 (2022), 4; 836-846
doi:10.1002/cepa.1826 (medunarodna recenzija, ¢lanak, znanstveni)

5. Curkovi¢, Ivan; Lukagevi¢, Ivan: Zuvelek, Vlaho: Raji¢, Andrea: Numerical Investigation of Shear Connection in
Cold- formed Steel-concrete Composite Beam // ce/papers, 5 (2022), 4; 847-856 doi:10.1002/cepa.1827
(medunarodna recenzija, ¢lanak, znanstveni)

6. Raji¢, A.; Lukacevié, 1.; Skejié, D.; Curkovi¢, I. Numerical Study on the Bending Resistance of Lightweight
Bmlt-Up Steel- Concrete Composite Beams // Appl. Sci. 13 (2023), 7397. https://doi.org/10.3390/app13137397
(medunarodna recenzija, ¢lanak, znanstveni)

7. Raji¢, A.; Lukacevic, 1.; Curkowc I.: Zuvelek, V. Performance evaluation of cold-formed steel spot weld
connections // cefpapers 6/2023 (2023) 3-4; 1959-1964. doi: 10.1002/cepa.2627

8. Zuvelek, V.: Curkovié, 1.; Lukadevié, L.; Rajié, A. Finite Element Analyses of Demountable Shear Connection in
Cold-Formed Steel- Concrete Compomte Beam Based on Experimental Data // ce/papers, 6/2023 (2023), 3-
4; 213-219. doi: 10.1002/cepa.2629

9. Raji¢, A.; Lukacevic, 1.; Skeji¢, D.; Ungureanu, V. Cold-formed Steel-Concrete Composite Beams with Back-to-
Back Channel Sections in Bending // Civil engineering journal (Tehran), 9 (2023), 10; 2345-2369. doi:
10.28991/CEJ-2023-09-10-01
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5. Publications

Conference Papers:

1. Raji¢, Andrea; Lukacevi¢, Ivan: Behaviour of lightweight built up cold-formed steel concrete composite
beam in bending // 10th International Conference on Business, Technology and Innovation 2021 - Conference Book
of Abstract | Hajrizi, Edmond (ur.). Pristina: UBT — Higher Education Institution, 2021. str. - (predavanje,
medunarodna recenzija, cjeloviti rad (in extenso), znanstveni)

2. Lukacevi¢, Ivan; Curkovié, Ivan; Raji¢, Andrea; Cudina, Ivan: Numerical analysis of lightweight cold-formed
steel- concrete com poS|te floor system // 3rd Infematfonaf Conference on Lightweight Materials & Engineering
Structures LIMAS — 2021 Proceedings | Das, Purnendu (ur.). Glasgow: ASRANet Ltd, 2021. str. 20-28 (predavanie,
medunarodna recenzija, cjeloviti rad (in extenso) znanstveni)

3. Zuvelek Vlaho; Curkovi¢ Ivan: Numeritko modeliranje posmiéne veze izmedu Zelika i betona kod spregnutih
nosaca |Zveden|h od hladno oblikovanih profila // 8. Simpozij doktorskog studija gradevinarstva Zbornik radova
(Proceedings of the 8th Symposium on Doctoral Studies in Civil Engineering) | Stirmer, Nina (ur.). Zagreb, 2022. str.
97-110 doi:10.5592/CO/PhDSym.2022.08 (ostalo, domaca recenzija, cjeloviti rad (in extenso), znanstveni)

4. Andrea Raiji¢, Ivan Lukacevic¢: Analiza otpornosti na savijanje LWT-FLOOR sustava // Osmi simpozij doktorskog
studija gradevinarstva, Zagreb, Republika Hrvatska, 2022. str. 57-71 doi:10.5592/CO/PhDSym.2022 (predavanie,
domaca recenzija, cjeloviti rad (in extenso), znanstveni)

. Raji¢, Andrea ; LukaCevi¢, Ivan Numericka analiza spregnutog sustava hladno oblikovani celik-beton s
demontaZnim posmicnim spojem // Zbornik radova devetog skupa istraZivaCa iz podrucja gradevinarstva i srodnih
tehnickih znanosti / Krsti¢, Hrvoje ; Anic, Filip ; Jeled, Mario (ur.). Osijek: Gradevinski i arhitektonski fakultet
Sveudilidta Josipa Jurja Strossmayera u Osijeku, 2022. str. 125-130
6. Zuvelek, Vlaho ; Curkovi¢, Ivan Numericko modeliranje ponasanja demontaZne posmicne veze spregnutih

nosaca izvedenih od hladno oblikovanog celika i betona // Zbornik radova devetog skupa istrazivaca iz
podrucja gradevinarstva i srodnih tehni¢kih znanosti / Krsti¢, Hrvoje ; Anic, Filip ; Jele¢, Mario (ur.). Osijek:
Gradevinski i arhitektonski fakultet Sveucilista Josipa Jurja Strossmayera u Osijeku, 2022. str. 107-116

7. Zuvelek, Vlaho; Curkovi¢, Ivan; Lukadevi¢, Ivan; Raji¢, Andrea: Numerical study of the behavior of the bolted
shear connectlon in coId formed steel concrete composite beam // Cold-Formed Steel Research Consortium
Colloquium 2022 (CFSRC Colloquium 2022), Baltimore, United States, 2022. ID102, 12 (predavanje, medunarodna
recenzija, cjeloviti rad (in extenso), znanstveni)

8. Raji¢, Andrea; Lukatevic¢, Ivan; Curkovi¢, Ivan; Zuvelek, Vlaho: Numerical study of cold-formed steel-concrete
composite floor system with demountable shear connectors // Cold-Formed Steel Research Consortium
Colloguium 2022 (CFSRC Colloguium 2022), Baltimore, United States, 2022. ID103, 10 (predavanje, medunarodna
recenzija, cjeloviti rad (in extenso), znanstveni)

9. Lukalevi¢, Ivan; Ungureanu, Viorel Numerical parametric study on corrugated web built- up beams with
pinned end supports // Cold-Formed Steel Research Consortium Cofloquium 2022 (CFSRC Cofloguium
2022), Baltimore, United States, 2022. ID59, 10 (predavanje, medunarodna recenzija, cieloviti rad (in extenso),
znanstveni)

10. Lukacevic, Ivan; Raji¢, Andrea; Ungureanu, Viorel; Buzatu, Raluca A comparative life-cycle assessment of
structural composite steel-concrete floor systems — A case study // Life-Cycle of Structures and Infrastructure
Systems. London: Taylor & Francis, 2023. str. 751-758 doi: https://doi.org/10.1201/9781003323020

11. Lukacevic, Ivan; Curkovic¢, Ivan; Raji¢, Andrea; Zuvelek, Vlaho Bending resistance of composite steel-concrete
floor system made of built-up cold-formed steel elements // PROCEEDINGS OF THE 20th INTERNATIONAL
SYMPOSIUM OF MASE. Skopje: Sveugiliste sv. Cirila i Metoda Skopje, 2023. str. 421-430

12. Lukacevi¢, Ivan; Bartolac, Marko; Curkovi¢, Ivan; Raji¢, Andrea; Zuvelek, Vlaho Laboratory Tests of Lightweight
Comp05|te Floor System LWT FLOOR f/ Modern Building Materlals Structures and Techniques. Springer Nature
Switzerland, 2023.
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Conference Abstracts:

1. Lukadevi¢, Ivan; Curkovi¢, Ivan; Raji¢, Andrea; Cudina, Ivan: Innovative Lightweight Cold-Formed Steel-
Concrete Composite Floor System — LWT-FLOOR project // 6th WMCAUS 2021 - 6th World Multidisciplinary
Civil Engineering-Architecture-Urban Planning Symposium - ABSTRACT BOOK [ Yilmaz, Isik ; Marschalko, Marian ;
Drusa, Marian (ur.). Prag: World Multidisciplinary Civil Engineering-Architecture-Urban Planning Symposium, 2021. str.
427-427 (predavanje, medunarodna recenzija, saZetak, znanstveni)

2. Rajic, Andrea; Lukacevic, Ivan: Behaviour of lightweight built up cold-formed steel concrete composite
beam in bending // 10th International Conference on Business, Technology and Innovation 2021 - Conference Book
of Abstract [ Hajrizi, Edmond (ur.). Pristina: UBT — Higher Education Institution, 2021. str. 247-247 (predavanje,
medunarodna recenzija, saZetak, znanstveni)

3. Rajic, Andrea; Lukacevic, Ivan; Curkovic, Ivan; Zuvelek, Vlaho: Innovative lightweight composite floor system
— built-up cold formed steel-concrete // Modern structures of metal and wood - Book of Abstract Odesa: Ministry
of Education and Science of Ukraine; Odesa State Academy of Civil Engineering and Architecture Rzeszow; University
of Technology (Poland); University of Rijeka (Croatia), 2022. str. 18-20 (predavanje, medunarodna recenzija, saZetak,
znanstveni)
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5. Publications

1% LWT-FLOOR Project Workshop

15 LWT-FLOOR Project WORKSHOP was organised at the University of Zagreb, Faculty of Civil Engineering, Zagreb, Croatia
on 17th of December 2021.

Aims of the workshop was the presentation of the LWT-FLOOR project background, presentations and discussions

about planned activities and recent results and presentation of other activities of the research group members and project
advisors related to the composite and cold-formed steel structural elements. A workshop flyer with the programme is
available HERE.

The recorded videos of the workshop presentations are available via the following links:

doc. dr. sc. Ivan Lukadevié: Opening Session — presentation of the LWT-FLOOR project

prof. dr. sc. Daniel Viorel Ungureanu, izv. prof. dr. sc. Ioan Both: Corrugated web built-up cold-formed beams
doc. dr. sc. Ivan Lukadevi¢: Investigations on spot welded built-up cold-formed steel beams

Andrea Raji¢, mag. ing. aedif, Viaho Zuvelek, mag. ing. aedif.: Numerical analysis of lightweight cold-formed steel-concrete
composite floor system

doc. dr. sc. Marko Bartolac: Scope of activities of Structural testing laboratory at the University of Zagreb - Faculty of Civil
Engineering

Andrea Raji¢, mag. ing. aedif.; Behaviour of lightweight built up cold-formed steel-concrete composite beam in bending
doc. dr. sc. Ivan Lukadevi¢: Numerical study on bending resistance of cold-formed steel back-to-back built-up elements
doc. dr. sc. Ivan Curkovié: Steel and composite steel-concrete shear panels

Anton Kralj, mag. ing. aedif,, prof. dr. sc. Davor Skeji¢: Loadbearing capacity of LSF walls under fire exposure

doc. dr. sc. Ivan Lukadevié: Closing of Workshop

Presentations from Cold-Formed Steel Research Consortium Colloquium 2022 (CFSRC Colloquium 2022)

Andrea Raji¢, mag. ing. aedif.: Numerical study of cold-formed steel-concrete composite floor system with demountable
shear connectors

Viaho Zuvelek, mag. ing. aedif.: Numerical study of the behavior of the bolted shear connection in cold-farmed steel-concrete

composite beam

doc. dr. sc. Ivan Lukadevi¢: Numerical parametric study on corrugated web built-up beams with pinned end supports
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2nd LWT-FLOOR Project Workshop

2nd LWT-FLOOR Project WORKSHOP was organised at the University of Zagreb, Faculty of Civil Engineering, Zagreb, Croatia
on 15th of December 2022.

The workshop presentations are available via the following links:
doc. dr. sc. Ivan Lukad&evi€: Opening Session presentation of the LWT FLOOR project and overview of the realised activities

doc. dr. sc. Ivan Lukatevi¢, doc. dr. sc. Ivan Curkovic, Andrea Rajic, mag. ing. aedif, Vlaho iuvelek, mag. ing.
aedif.: Design and fabrication of material, spot welded and push-out specimens

doc. dr. sc. Ivan Lukadevi¢, doc. dr. sc. Ivan Curkovi¢, izv. prof. dr. sc. Marko Bartolac, Andrea Rajic, mag. ing. aedif, Vlaho
Zuvelek, mag. ing. aedif.: Implementation and analyses of laboratory tests-base material & spot welds

doc. dr. sc. Ivan Curkovic, doc. dr. sc. Ivan Lukafevic, izv. prof. dr. sc. Marko Bartolac, Vlaho Zuvelek, mag. ing.
aedif, Andrea Raji¢, mag. ing. aedif.: Implementation and analysis of the push-out test on shear connectors in composite
beams cold-formed steel profiles-concrete

doc. dr. sc. Ivan Lukadevié, doc. dr. sc. Ivan Curkovi¢, Andrea Rajic, mag. ing. aedif, Viaho Zuvelek, mag. ing.
aedif.: Parametric finite element analyses of lightweight cold-formed steel-concrete composite floor beams

doc. dr. sc. Ivan Curkovi¢, doc. dr. sc. Tvan Lukafevic, Viaho Zuvelek, mag. ing. aedif,, Andrea Raji¢, mag. ing.
aedif.: Numerical investigation of shear connection in cold-formed steel-concrete composite beam

Andrea Raji¢, mag. ing. aedif, doc. dr. sc. Ivan Lukacevi¢, doc. dr. sc. Ivan Curkovi€, Viaho Zuvelek, mag. ing.
aedif.: Numerical study of cold-formed steel-concrete composite floor system with demountable shear connectors

Viaho Zuvelek, mag. ing. aedif,, doc. dr. sc. Ivan Curkovié, Andrea Raji¢, mag. ing. aedif,, doc. dr. sc. Ivan
Lukadevié: Numerical study of the behaviour of the baolted shear connection in cold-formed steel-concrete composite beams

doc. dr. sc. Ivan Luka&evi¢, prof. dr. sc. Daniel Viorel Ungureanu: Numerical parametric study on corrugated web built-up
beams with pinned end supports
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« 3D scanner
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« Test rig for Zwick&Roell servo hidraulic machine
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« Workstation Fujitsu CELSIUS R970B
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/. Software

« Abaqgus

Abaqus/CAE
2023

The Abaqus Software Is a product of Dassault Sysiemes Simulla Corp., Johnston, RI, USA.

Abaqus, 3DEXPERIENCE®, the Compass icon, the 3DS iogo, CATIA, BIOVIA, GECVIA,
SOLIDWORKS, 3DVIA, ENOVIA, EXALEAD, NETVISES, MEDIDATA, CENTRIC PLM, 3DEXCITE,
SIMULIA, DELMIA, and IFWE ars commercial frademarks or raglsterad frademarks of Dassault
Systemes SE, a French "société D " (\ Ci Reglster # 5 322 306 440)
of Its AfMiiates In the United States andlor ofner cauntries. All other tragemarks are owned by
their respective owners. Use of any Dassault Systemes o Its AfMilates trademarks Is subject to
their express written approval.

Copyright ©2022 Dassault Sysiemes Simulla Corp.

For g trademarks, copyrights, and licenses, see the Legal
Notices in the documentation and the Program Directory for this release.

StruRel

STRUSA 3
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Opening Session - presentation of the LWT
FLOOR project and overview of the realised
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