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Introduction

Projekt LWT-FLOOR povezuje najnovije spoznaje u novoj,
brzoj i produktivnoj tehnologiji tofkastog zavarivanja i
inovativna rjeSenja sprezanja hladno oblikovanog celika i
betona predlazuéi novu metodu izgradnje kao
kombinaciju sastavljenih hladno oblikovanih ¢Eeliénih
elemenata i betonske ploce. Ovaj ekonomican i odrziv
sustav lagane medukatne konstrukcije nudi vhalne
pvednostl u smislu visokog stupnja pred, Iji

be ili ikliranja na kraju Zivotnog
vueka ukl]ucujuu analize Zivotnog ciklusa. Kalibrirani
icki modeli ljeni na eksperi Inii
ispitivanji i njeg
omogudit ce, uz pnmjenu probabilistickih metoda,
proc]enu L iklad za vece . Projekt
& o < e s

p upotrebe imogucih velikih
Glavni cilj projekta je usp i novu i ¢ku grupu
koja ce p iznanje i op za istrazivanje novog
sustava medukatne konstrukcije s fokusiranim

znanstvenim interesima u potrazi za konkurentnijim
nacionalnim i d dnim financiranjem. Kako bi se
istrazile i vrednovale komponente i sustav u cjelini,
planira se opseino eksperimemalno numeriéko i
probabilisticko i . U okviru istraz b

pozomost ée biti posveéena tockastim zavarima i
veze s énosé

ol d e .

p lianla 22 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 investigate and validate components 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
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j nove ¢koj grupi i
istraZivackoj insti I]I, a pored toga obramt ée se i
dvije dlsertacue te objaviti znanstveni radovi u
najcitiranijim casopmma. Ovaj movatwm pro;ekt ko]l
osigurava cvrste veze izmed: i
mdustrue, povecat ¢e mobilnost i ojacati dugoroénu

dnju i du dva sektora. Probabilisticke analize i
procjene ponasanja predloZenog riesenja u Zivotnom
ciklusu medukatne konstrukcije bit ¢e od kljuénog
znacaja za pripremu prvog analitickog prijedloga za
izradu preporuka za proj ovog novog
u okviru europskih norma.

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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10h10 - 10h40

10h40 - 11h00

11h00 - 11h20

11h20-11h40

11h40 - 12h00

12h00 - 13h00

13h00 - 13h20

13h20 - 13h40

13h40 -14h00

14h00 - 14h10

REGISTRACIJA // REGISTRATION
Ivan Lukacevié

o je radionice — p ija LWT-FLOOR projekta i pregled realiziranih aktivnosti u 4. godini projekta
Opening Session — presentation of the LWT-FLOOR project and overview of the realised activities 4th project
year

Ivan Lukagevié, lvan Curkovié, Andrea Raji¢, Vlaho Zuvelek
dak u istrazivanju laganih nih spregnutih sustava izvedenih od hladno oblikovanog celika i

betona Najnoviji rezultati LWT-FLOOR projekta

Advancements in Lightweight Cold-Formed Composite Steel-Concrete Floor Systems: Recent Findings from the

LWT-FLOOR Project

Vlaho Zuvelek, Ivan Curkovi¢, Ivan Lukagevi¢, Andrea Raji¢

Analize d veze kod sp nosaéai g hladno oblik

h o L PR " — : i foci

Analysis of Demountable Shear Connections in Cold-formed Steel-Concrete Composite Beams: A Finite

Element Approach Validated With Experimental Data

Andrea Raji¢, lvan Lukaéevic, Ivan Curkovi¢, Vlaho Zuvelek

Utjecaj posmiéne veze i lezajnih uvjeta na vlastite vibracije spreg ne

hladno oblikovanog celika i betona

Influence of Shear Connection and End Supports onto Self-vibrations of Cold-Formed Steel Concrete

Composite Floor

Andrea Raji¢, lvan Lukacevic, Ivan Curkovi¢, Vlaho Zuvelek

Numericka parametarska analiza sustava LWT-FLOOR: utjecaj razli¢itih oblika otvora u hrptu

Numerical parametric study of LWT-FLOOR system: effect of various web openings

STANKA // BREAK

tvan Curkovié, Davor Skejxc Janko Koscak Ivan Lukacewc

Eksperi Ino istrazivanje p p ih stijena sa spi isp pridj

opterecenja

Experimental Study on the Performance of Steel and Composite Plate Shear Walls Under Cyclic Behaviour

Vlaho Zuvelek, Ivan Curkovi¢, Ivan Lukagevi¢, Andrea Raji¢

istrazivanje dvostranih p cnih stijena i

celikom i

ije formirane od

ju ciklickog

denih hiadno oblik celikom sa spreg
ispunom

Numerical Investigation of Double-Skin Cold-Formed Steel Shear Wall Filled with Concrete

Emanuel Krupa-Jurié, lvan Lukagevi¢

Nelinearna analiza visekatne eliéne zgrade stabilizirane inovativnim posmiénim zidom

Nonlinear analysis of multi - storey steel building with innovative shear wall bracing system
ZATVARANJE RADIONICE // CLOSING OF WORKSHOP
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1. Introduction Hrzz
" LWT-FLOOR Hrvatska z‘a klada
01 ...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_ ...to investigate and
the entire life cycle. . validate, experimentally,
numerically and
. probabilistically proposed
06 ...to prepare project proposals and ' SYSIE
applying to other sources of funding IWT-FLOOR
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. b

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
typologies and results of numerical, probabilistic and life cycle studies
of specimens with larger spans.

ERS: Technical recommendations for design and
fabrication will be proposed
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1st Project Period

Results to be achieved RGmember

' IL

All

communication data sharing (O1 to O6)
D3. Project webpage installation, profile of the project on the Academic Social Network Site a IL
visual identity of the project (O1 to O&)
D4. Presentation of project on the web site (O1 to Q€} IL, PhD Student (D)
D5. Literature delivered (O2 to Of IL
D6. PhD student employed; research group established (©™: All
D7. B'Research group coordination meeting (O1 to Q6) All
D8. Training for PhD studegtColdformed steel (02 to O D
D9. Training for PhD studeigtComposite structures (02 to O5) D
D10. Design of specimens for testing and technical specification for fabrication (O2; 073 L[Z 5% a.
L[Z 5% a.
L[Z 52 a.
L[Z 52 a.
D14. Presentation of the project results one or two papers (ICMS'21) and one or two papers L[Z 5% L@
D15. Journal Paper SCOPWSBSQ3, Q4 state of the art L[Z 5% a
D16. 1st Workshoprganised(O1 to O2 All
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A D1. Defined project implementation management plan (O1 to
06)

2. Realised activities 15t year

TS e e urzz —— S

§iz: - ' Vodtel: han tukatei
i " b G - < coonaen v lrumm -..' HIZZ 3¢ ":' ‘M.uapm?\::mthm‘f.:}muﬁ
s = - T Ookument. Plan upraviania projektom

SADRZAJ
1 OPCE INFORMACUE O PROJEKTU 1

2 CILJEVI I GLAVNE ISPORUKE PROJEKTA

21 Cihevi......ocom
2.2 Otekivam rezultan 2
3 STRUKTURA RADA NA PROJEKTU .6
*/ 4 VREMENSKI PLAN PROVEDBE PROJEKTA 9
5 FINANCDSKI PLAN PROVEDBE PROJEKTA - ST, creeeen 10
“ﬂ;{ L(:E)R 6 PLANNABAVE 1
7 REGISTAR RIZIKA SA PRUEDLOGOM MJERA ZA UBLAZAVANJE RIZIKA .. 12
8 KOMUNIKACUSKIPLAN ... s e s P, &
9 STRUKTURA IZVJESCIVANJA i 4 i 14
PLAN UPRAVLJANJA PROJEKTOM LWT'FLOOR 10 UPRAVLJANJE PROJEKTNOM DOKUMENTACLIOM S —
Zagreb, 2021.
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A 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

. citas d
Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964 4. Electronic data exchange facilities ' e

Kickoff research group meeting - 17.2.2021

A o]
LWT-FLOOR Project P b
Innovative lightweight cold-formed S\ Ay
steel-concrete composite floor system
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A D3. Project webpage installation, profile of the project on the

Academic Social Network Site and visual identity of the
project (O1 to O6)
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A D4. Presentation of project on the web site (O1

202109, 07

202109, 07

202107, 16

202102, 07
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Presentation of the LWT-FLOOR project at WMCAUS 2021
Symposium
1. Lukadeié presercad the pager “Innovative Lightweight Cold-Formed
Steel-Concrete Composite Floor System ~ LWT-FLOOR project” s the
6ch Workd Mudsciingry Cnil Engresrng-Achaecsre-Urban Paming

. which has baen organisad
The corference program can be found &

The paper deals with the ovenview of the L

Presentation of the paper at Eurosteel 2021 Conference
L Lkadeid presertad the pacer Numerical study on bending resistance
of cold-formed steel back-to-back built-up elements” 3t the 5
Exropaan Confarence on Steel and Composite Structures. Eurostesl 2
SheBed, UK. which has basn orgacised cnine from 1-3 Saptamber
conferance program can be found at the following lek: 3

Tha paper deals with the rumarical sudy on banding resiszance of cokd-formad
stmel by fermants which are one of the basic components of the LWT-
FLOOR sysemn

Tha presantad paper has been publshed in Viiley -Emse & Sohn journy
ca'pacers

Lukadavi, ans Ungursanu, Viorals Vaidc, Andeior Curionié, Tvan Numerical
study on bending resistance of cold- formed steel back-to-back bult-
up elements // CE papers. 4 -4; 487-494 dok10.1002/cep0.1320
(medurarades recencia, Zanak Tansten

Presentation of the LWT-FLOOR project - Visit of experts
from EPFL to FCE

During the presentation of various resesech project sctaiies of expents from
Ecole Poiytachnique Fidinale de Lausanne (EPFL) and wxparts from the
Universiy of Zagreb, Faculy of Ol Engineering (FCE), on the 14th of My 2021
Assistace Professor Ivan Curkonid presested brief overview of LWT-FLOOR
project.

Acstvr T Lukadonk

Official start of the LWT-FLOOR project
Vi are haopy t annaunca thac UNT-FLOOR groject officially started on January

LWT-FLOOR

RESEARCH PROJECT

202112, 03

202111, 25

202111, 19

Auttor: Tven Lukatevid

Presentation of the paper at 3rd International Conference
on Lightweight Design of Engineering Structures - LIMAS
2021

L Lubadeic presented the pacer "Numerical Analysis of Lightweight Cold-
Formed Steel-Concrete Composite Floor System” at the 3rd Intermatonal
Corference on Lightweight Design of Enginsering res - LIMAS
Edinburgh, UK. which has been organisad from
Ference program Gan be found

The paper deals with the oveniew of the LWT
prefiminary numarical evaluations.

AFLOOR project and the results of

Ao Tvan Lukadevi

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

2111, 25

n Lukalend

The LWT-FLOOR research group has been established!
The LWT-ROOR ressarch group has been estadiished! From the 15th of
Novenbes a PRD studert Ancrea Rajé has been employed, and from the 22ad
of Noverrber, she s offically a member of the LWT-FLOCR research group!
Congrandatons. Ancrea Rayd!

Presentation of the paper at 10th International
Conference on Business, Technology and Innovation 2021
A Rajc presented the caper "Behaviour of lightweight built-up cold-
formed steel-concrete composite beam in bending” Och
Irzernacionsl Corference on Business, Tachnology and I
oh ing, Infrastructure and Environment
vhich has bean organised onine from 23-30
Ocmober 2021. The abstract of the paper can be found at the following knk:

The paper deals with the rumerical study on banding resistance of bulk-p cold-
formed stesl-concree composite bearm,

The presented paper will be published in Confarance procedings s0on.
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TELL Y gn mary

T

202112, 23

Merry Christmas and a happy and prosperous new year!
Wig wigh you a Marry Christmas and a happy and prospanous new year!

LWT-FLOOR Project Reseacch Group Mermbers

2112, 23

The first workshop of LWT-FLOOR project
On Decembar 177, the first LIWT-FLOOR. project workshop was held. We thak
all the presencers and parcipants of the workshop,

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

202112, 20

Aahor

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
plans for the continuation of the project implementation. The curment members
of the project were introduced to the newly employed docors! students and
their roles in the project activities.

2112, 20

New research group member!
PhD smudent Vishe Suvelek become officially a mamber of the LWT-FLOCR
research greup. Congratulasors, Viaho fuvelaks

202112, 10

1st Workshop LWT-FLOOR. Project
\T-FLOOR Project WORKSHOP will be organsad at the Universey of
Vi of December 2021,
Orling. Ams of the workshop are the presentation of the LWT-FLOOR project
background, presentations and decussions about planned Betivities snd recent
resubs and presentation of other acivities of the research group members and
project advisors refated to the composite and cold-formed steel structunal
elements.

A workshop e with the programme is avaidablie HERE,

The link for the lve event via MS Teamns is svadable HE
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A D5. Literature delivered (O2 to O5)

SHEAR CONNECTIONS IN

COMPOSITE FLEXURAL MEMBERS OF

STEEL AND CONCRETE
17 EDITION

Technical Comanittee 11
Camposits Suctures

N° 138 2017

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

2. Realised activities 15t year

- EGed: 2021-11-25 B8:4
2'_'2"11 25 aed: 20 1-25 & 0B:48

P ."‘. , - - Author: Ivan Lukadend
4 o |

The LWT-FLOOR research group has been established!
T The LWT-FLOOR research group has been established! From the 15th of
November, 2 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!

202112, 20, Edited: 2021-12-20 at 13:28

SR = Author: Ivan Lukacevi¢
.';.:/ =g

New research group member!

——\ 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

A D7. 1st 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

| 1 nrzz

LWI-FLOOR 22zt
RISEARCH PROJECT 1
o< ’ ..- University of Zagreb/Faculty of Civil Engineering
e http://www.grad.unizg.hr/Iwtfloor
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A D10. Design of specimens for testing and technical
specification for fabrication (02, O3)

P oveTaTe EBAE a8 81N KNI A et < et Sty

N . n -u."m-u -.- Hrzz ,.' — .. :"'h':*_',_’f,*:'_'::::::z;::
r; — g Hrzz T —

SADRZAJ
SADRZAJ m
1 OPCE INFORMACUE O PROJEKTU 1
OPCENITO 2
VLACNO I TLACNO ISPITIVANJE UZORAKA MATERDUALA K}
31 Opcento 4
32  Cebéni limow 4
’ 33 Ammatun 6
IWT-FLOOR 34 Viya 6
— 35  Beton 6
4 VLACNO ISPITIVANJE TOCKASTIH ZAVARA 7

] TVANJE UZORAK MICN /
PROJEKTIRANJE UZORAKA ZA ISPITIVANJE | L e .
TEHNICKE SPECIFIKACIJE ZA IZRADU LWT- 7 ISPITIVANJE UZORAKA SUSTAVA LWT-FLOOR 19

FLOOR
Zagreb, 2021
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2. Realised activities 15t year bt
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A D11. Fabrication of material specimens (02)
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2. Realised activities 15t year
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RESEARCH PROJECT

A D12. Fabrication of spot-welded connections (O2)

>
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. Hrvatska zaklada

za znanost
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2. Realised activities 15t year
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A D13. Fabrication of shear connections (02)
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2. Realised activities 15t year oo B

Hrvatska zaklada

rrrrrrrrrrrrrrrr za znanost

A D14. Presentation of the project results one or two papers
(ICMS 21) and one or two papers (IABSE 2021) (O2)

P
{WMCAUS\
".
B Wed
Woltidisciplinary
Engieering Archiectune, g Planning
S\mposium

Numerical Analysis of Lightweight Cold-
Formed Steel-Concrete Composite Floor
System

Ivan Lukaéevi¢, Ivan Curkovié, Andrea Raji¢, lvan Cudina
ivan.lukacevic@grad.unizg.hr
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LIMAS 2021
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A D15. Journal Paper SCOPUS WoS Q3, Q4 i state of the art
paper (02, O3)

2. Realised activities 15t year

IoPscience Q Journals~ Books Publishing Support @ Login ~

mbuildings mbPY IOP Conference Series: Materials Science and Engineering
Article
.

Innovative Lightweight Cold-Formed Steel-Concrete
Composite Floor System — LWT-FLOOR project 2

Ivan LukaZevi¢ *7, Ivan Curkovi¢, Andrea Raji¢ and Marko Bartolac

Faculty of Civil Enginevring, University of Zagreb, 10000 Zagreb, Croatia; ivan curkovic@igrad.unizg he (1C.5

ic@yrad unizg he (A R ) mark unizg b (M.B) Ivan Lukagevi¢', Ivan Curkovi¢’, Andrea Raji¢’ and Ivan Cudina’
" Comn hanuka uning e e +3 = Published under licence by IOP Publishing Ltd Turmen Mathlax
Abstract: In the last few decades, the of Id-formed i IOP Confarance Series: Materials Science and Engineering. Volume 1203, Papers Share this article
structural systems has constantly been increasing within the field of structural engineering. This can L R X . .
e explaioncd by efficieni smabesial e, pocticalinly suoticesblle whe g cold-focimed bulliap Citation lvan Lukadevi¢ et al 2021 IOP Conf. Ser: Mater. Sci. Eng. 1203 032078 E n n
ctions and the types o shear This paper cerview of the DOI 10.1088/1757-899X/1203/3/032078

ope of the cold-f; pe flooe systems. Addi y, it provides
the background, planned activities, and pnhmm.m results of the current LWT-FLOOR project,
which is ongoing at the University of Zagreb, Faculty of Civil Engineering, Croatia. The proposed a Art
structural system is formed of built-up col 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 References ~
the increased msmber of spot welds in the steel beam.

chack for
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20, b/ ooy 10890/ 1. Introduction AbStraCt

bkl One of the: key siraiegies o sedrice haman impact on Barth 1 to completely pethink To provide the foundations for economic and social prosperity, countries worldwide need to be making

Aol e Chraeen, | OUT Present lfestyle, especially the one led in industrialised countries. One of the critical i X R i .

Flavio Stochin sed Miskee Sngimac  35PECES "‘h'h"";h": lif “i:‘ ‘“':“*“5";:"1'@“:?‘“’“5 '*'-‘“‘;:;G iy material -';i""“"x‘ a term investment in their building assets. However, there is a lack of a systematic approach, such as
consumption. This can be achieved through innovations that will maximise the values

’:‘:’_‘; = “"""""::‘ Of the struuchural components and bullding matérialy during thelr lifecycle. Although a manufacturing innovations, to maximize the values of building components and materials in its entire

Acoupted: 10 Fbeuary 202 ch is still lacking, individual scientific projects are well

i v i PP ) . . .
TRl 1 ey 20 aware of this problem and provide relevant solutions. An excellent example of this is lifecycle. Steel-concrete composite floor systems are one of the most cost-effective construction
A i the application of the P d steel rete solutions that significantly
with gaed 3 perndictiooal caima i T€duce material and bute to the ioned change of the present systems for multi-storey steel buildings because they combine structural efficiency with the speed of
7= ge P yst i Iti-storey steel buildings b they bine structural efficiency with the speed of
s ble lifestyle. ) . .

tiors. The known fact is that composite steel-concrete systems are generally one of the most construction. These advantages depend on the efficiency of combining steel and concrete structural
costeffective structural systems applied in multi-storey buildings. The main reason behind . . . . . )
this is that compusite steel-concrete solutions integrate structural efficiency and the speed elements to avoid their inherent disadvantages. This paper presents a solution that integrates state-of-
of construction. The structural efficiency results from the effective usage of structural . . . . .

Conighe © 332 b7 b 140 materials, namely steel and concrete, thus omitting thee inherent disadvantages. On the the-art knowledge in new, fast and productive spot-welding technology and innovative cold-formed

cerww MDD Switserland. 4 "

other hand, construction speed is enhanced since propping and formwaork installation can i . . : - :

Th stle s e acom side b gioificantly reduced or even completely avoided. steel-concrete composite solutions. The solution proposes a new construction method as a

A e e However, despite all the advantages and benefits of comp | systems, 5o

conditiomm of the Creative Comimons

fa, they have not had the chance to be applied o any greater extent, e, certainly not fo combination of built- up cold-formed steel members and cast-in-place concrete slab. The proposed

the extent that they deserve [1]. According to Ahmed et al. [2], the main forces driving
the research within the field of composite steelconcrete structural systems are related

Attrbutice (CC BY) b (hetpe//
ematreecomimses ceg icerie b/

40y

floor system offers key benefits in terms of a high degree of prefabrication, reusability and long

spanning capability.
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2. Realised activities 15t year
A D16. 1st Workshop organised (O1 to O2)
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Croatian Science
za znanost Foundation
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| IWT-HLOOR

1. Radionica LWT-FLOOR
1t Workshop LWT-FLOOR

Tormed steel Concrete composite foor sywem

1 betan [/ Innovative ightweight cold

Sveutitite u Zagredy // Universiy of Zagred.
Gradevingki takuitet /f Facuity of Ovi Engineering
Kalitewa 26 // Kacicevs 26

Zagred, 17. prosings J021. [/ Zagred, 3 7th Oecomiber 2021

Financranye. /] Fusding

Organizator // O

ST mSm

FAGUATY OF VR (NGINCENG

inovathmim vrstama posmidne vere s mogwinoléy
projektivans 13 demontaly § potencislom &a budule

The LWIFLOOR project integrates state-of-the-srt
Anowledge in mew, st and groductive 1pot-welding
technology and innovatve coid-formed steet-concrete
COMPOLE SOKTIOM PrOPONNG & New CONMIUKtion method
#5 & combination of but-up cold-formed steel members
and castin-place concrete siab. Tha cost-effective and
sustainable Boor system offers vital benefits i terms of 2
hgh degree of prefabrication, reusablity aed long
spanning capabilty. The main clyective of the project & 1o
eSRGsh 8 new reseach gocp That wil poisess
Mrowledge aed equpment for resesrch oo new compovte
floor system with focused sciestific interests in & search
for mare competitve national and nternational funding
in order to ivestigate and validate components and
Proposed system, the extensve expermental, numerical
0 proBabASTC research is planned. WIthin resoach, 3
particutar focus wil be Even 10 SpOt-wekding COnnections
20 InnOvative Types of Shear CONNECTIONS with oSNy
of desgn for demountabibty and the potential of re-uie of

Y5108 w4720 utnig he Nt foee

e wporabe Il reckliranja na kraju Hivotnog
2 un.umu anslize Hivotaog iklusa. Kalibeirant
temeljers na eksperimentalnim
v-mn- swstava | njegovih  Romponenata
gudit e, ur primjenu probabilistitki metoda,
o prikladacsti sustava 13 vede raspone. Br
donfeti nove vieltine Wtralivatko grupi |
fivaliof Institucil, @ pored toga cbranit de se |
Gsartacije te objaviti rmanstweni radovi
tiranijien Easopisima. Ovaj inovativel peojet, koji
wava tvrste vere lzmedu akademske zajednice |
strije, povedat te mobilnost | ojatati dugorotnu
fioiss izmedu dva sektors. Probabiistitke snalize |
ponatanja prediotency rielenja u livotnom
medukatne konstrukcije bit (e od Wjulnog
13 pripremu prvog analititkog prijedioga ta
Ju preporuka 2a peojektiranie ovog novog sutava
 olviry europshil norma.

recycling at the end of dewgn Me through the agplication
of Mecycle analyses. Calteated and valldated numencal
modets based on experimestal tests of the system aod Its
components wil allow, theough the appication of
proboblistic methods, evaluation of the systom suitatibty
for karger spans. The roject will bring cut new skl to the
research group and the research insutution, besides which
two Gsertations wil be defended and screntfic papers
most caed journals wil be publshed. This necvative

ncrease
mobiity a5 well oy strengthen long-tem ¢oope
between the two sextors. Probabiatic anayses and Me
e performance evskation of the proposed
system solution wil be crucial for establishing the fest
analyical proposal for design recommendations of this
Dew System within the Ewropean standards

LWI-FLOOR

RESEARCH PROJECT

HrZz

za znanost

)

LWT-FLOOR
i |
Na daljinu//Online
345 - 10900 RIGISTRACIA // REGITRATION
10M00 - 10820 o dr. e tean Lukatevi
Opening Session - presentation of the LWT-FLOOR project
1030~ 1080 peot. . sc. Danlel Viorsl Ungureanu, zv. peof. dr. sc. loan Both
Corrugated web bultwp cokd-formed beams
16040 - 1100 doc. dr. 3¢ Ivan Lukadewié
Invenzigacion on spot welded buit-up cold-formed steel beam
11000 - 11000 STANKA // SHEAK
11030 - 1180 Andrea Rajic, mag, ing, sedil., Viaho Buvelek, mag ing. aedi.
Lavijencg soregrutog nosata rani Lelik beton
Numencal anshysis of Ightwerght coM ormuad steel-concrete comgonite oo sytem
1350 - 12040 doc. dr. sc. Marko Bartolac
" o g
takultety
Scope of activities of Structurad testing laboratory t the Uneruty of Zagred - Faculty of O
Engneering
1210~ 1280 Andres Raj, mag, ing. sed
Pomatanje laganog ~beton
infotenog savijaniu
Behaviour of Aghtweight Dust up cold-formed steed Conarete COMPoLte beam i bendng
1230 - 1300
1300~ 13830
sanje Ajenin elemenata
Numericai study 0o bending resistance of cold formed steel back.£o-back bult-up sements
1320 - 13m0 doc. dr. s tvan Curkowit
Steel wnd composte teekconcrete shaw punels
13h40-14002
Loadbearing capacity of 1S5 wall undes fre exposire
1400 - 14%10 IATVARANIE RADIONICE // CLOSING OF WORKSHO?
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3. Realised activities 2"d year HrzzZ

Hrvatska zaklada
za znanost

2"d Project Period

Results to be achieved RGmember

D1. Presentation of project on the web site (O1 to O6) IL, AR

D2.2"9and 39 Research group coordination meeting (O1 to OF;) Al

D3. Training for one group member Introduction to Abaqus/Standard and Abaqus/Explicit (O2 AR
05)¢

D4. Training for one group member Abaqus/Explicit: Advanced Topics (02 tq io%) ARor £ ¢

D5. Training for one group member experimental deformation analysis (02,q03) ARor MB

D6. Technical report with test results on materialk60 tests, see Application form (O2) IL,ARX

D7. Technical report with test results apotwelded connections 330 tests, see Application fornalsa\s2
(02)¢q

D8. Technical report with results for tested types of shear connectioB8tests, see Application IL, AR
form (02)¢

D9. Technical report with interpretation of results for tested types of shear connectiodgtests, IL, AR
see Application form (029

D10. Fabrication of fulkcale steel specimens4 ( ) specimens, see Application form (Q;3) IL,ARX

D11. Fabrication of fulkcale composite specimergs4 ( ) specimens, see Application form (O8) IS

D12. Presentation of one or two papers (SDSS 2022) {i22) lwZ

All

e University of Zagreb Project title:Innovative lightweight coldformed steetconcrete composite floor system
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3. Realised activi

ties 2nd year

HrZZ

Hrvatska zaklada

LWI-FLOOR

RESEARCH PROJECT za znanost

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

ﬂmmm B 202202, 12

e Compee e s e e

| 202206, 21

202206, 13

mm University of Zagreb

.- Faculty of Civil Engineering
LWTFFLOOR Project

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

Edited: 2022-06-21 at 11:25
Author: Tvan Lukacevit

Presentation of the LWT-FLOOR project and recent
project activities the International scientific and technical
conference «Modern structures of metal and wood>»

A. Rajic presented the report "Innovative lightweight composite floor system —
built-up cold-formed steel-concrete” at the Intemational scientific and technical
conference «Modem structures of metal and woods, Odesa, Ukraine, which has
been organised online from 8-11 June 2022. The report can be found at the

following link: hitps: dipk wixsite.com/sbornik/arhiveconf?la

The recorded presentations from the conference can be found at the following
link: https://odabamdipk.wixsite.com/sbomnik/c

Edited: 2022-06-21 at 11:06
Author: van Lukagevic

Push tests of innovative shear connection

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 innvative shear connection in the Laboratory for
Structural Testing at the University of Zagreb, Faculty of Civile Engineering.

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

More information can be found here.

Edited: 2022-02-12 at 16:20
Author: van Lukagevic

New paper related to LWT-FLOOR praject has been
published!

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

209; https://doi.org/10.3330/buildings12020209

202210, 04

Author: Andrea Rajic

The International Colloquium on Stability and Ductility of
Steel Structures

Two new research papers have been presented at the International Colloguium
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
Beam" coauthored by Ivan Curkovi¢, Ivan Lukagevi¢, Viaho Zuvelek, Andrea
Raji¢ has been presented by Assistant Professor Ivan Curkovié

(h w 2/cepa.1827). The paper "Parametric
Finite Element Analyses uf L\ghtwelghl Cold-formed Steel-concrete Composite

Floor Beams" coauthored by Ivan Lukacevi, Ivan Curkavic, Andrea Raji¢, Viaho
Zuvelek has been presented by Research Assistant Andrea Rajic
(h o 0.1002/cepa.1826).

202209, 0S

Author: Andrea Raji¢
8th DOCTORAL SYMPOSIUM IN CIVIL ENGINEERING
A. Raji¢ presented the paper "Analyses of LWT-FLOOR system bending
resistance" at the 8th Doctoral Syposium in Civil Enginnering which has been

organised from 5-6 September 2022 at the Faculty if Civil Engineering,
University of Zagreb, Croatia.

The symposiem program can be found at the followng I

Edited: 2022-09-09 at 08:34
Author: Andrea Raji¢

202209, 0%

8th DOCTORAL SYPOSIUM IN CIVIL ENGINEERING

. Zuvelek presented the paper "Numerical study of shear connection in
cold-formed steel-concrete composite beam” at the 8th Doctoral
Syposium in Civil Engineering which has been organised from 5-6 September
2022 at the Faculty if Civil Enginnering, University of Zagreb, Croatia.

The symposium program can be found at the following link:
http: gram_Sim|

rad.hr/phd-simpozij/2022/

/ 202210 28 Author: Ivan Lukacevi

\\4 /\ Best Student Presentation Award at CFSRC 2022
PO)) i

m Colloguium
PhD student and Research Assistant Andre: received an award for best
student presentation at CFSRC 2022 Colloguium 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.
Congratulations Andrea! 11!

~ Edited: 2022-10-26 at 13:32
BICFSRC 22w 2
COLLOQUIUM cold-Formed Steel Research Consortium Colloquium 2022

(CFSRC Colloquium 2022)

Three new research papers have been presented at the Cold-Formed Steel
Research Consortium Colloquium 2022 (CFSRC Colloquium 2022) organised
online at Johns Hopkins University by Thin-Walled Structure Group, Baltimore,
USA, on the 17-19 of October 2022. The paper "Numerical study of cold-formed
steel-concrete composite floor system with demountable shear connectors”,
coauthored by Andrea Rajic, van Lukacevié, van Curkovic and Viaho Zuvelek
has been presented by Research Assistant Andrea Rajic
(https:/ischolarship.library.jhu.edu/handlef 1774, 28). The paper
“Numerical study of the behavior of the bolted shear connection in cold-formed
steal-concrate composite beam”, coauthored by Vizho Zuvalek, Tvan Curkovic,
Ivan Lukatevi¢ and Andrea Rajic, has been presented by Research Assistant
Vlaho Zuvelek (F larshi 3l du/h:
paper "Numerical parametric study on corrugated web bul\t -up beams with
pinned end supports”, coauthored by Ivan Lukaevi¢ and Viorel Ungureanu, has
been presented by Assistant Professor Ivan Lukadevic
(https://jscholarship.library.jhu.edu/handle/1774.2/

02

2

- Edited: 2022-10-04 at 15:50
202210, 04 Author: Andrea Raji¢
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. Rajic presented their papers at the 9th gathering of young
researchers in the field of construction and related technical sdiences called
COMMON FOUNDATIONS 2022 which has been organised from 28-30
September 2022 in Osijek, Croatia.
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A D2. 2nd and 3@ 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
2nd research group meeting —22.7.2022.

LWT-FLOOR Project
Innovative lightweight cold-formed
steel-concrete composite floor system
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‘.l. Hrzz
Hrvatska zaklada
zaznanost

LWI-FLOOR

RESEARCH PROJECT

\:r.-r:! University of Zagreb/Faculty of Civil Engineering

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

pm University of Zagreb

I- Faculty of Civil Engineering
LWTFFLOOR Project

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

Project title: Innovative lightweight cold-formed steel-concrete composite floor system
Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964
3 research group meeting — 5.12.2022.
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3. Realised activities 2"d year -I.- HIZZ

RESEARCH PROJECT

A D3. Training for one group member Introduction to
Abaqus/Standard and Abaqus/Explicit (O2 to O5)

conmrois M corimors M NS M

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

za znanost

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

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 fo Abaqus Standard and Abaqus Introduction to Abaqus Standard and Abaqus
Explicit Explicit

Explicit

U trajanju od § dana (40 sari) U trajanju od 5 dana (40 safi) U trajanju od 5 dana (40 sati)

Marko Bartolac lvan Cudina Andrea Raji¢

Zagreb, 25. veljace 2022 ATIONS Computer Controls d.o.0 Zagreb, 25. veljace 2022 el Computer Controls d.0.0 Zagreb, 25. veljade 2022. = N Coniok ds
oooooo -
SvenVudié mogingmech 0 | 2 Al eeessEEEENSSS | e

o
THER
Sven Vudic, maging.mech Sven Vuci¢, maging.mech
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3. Realised activities 2" year -I.' HIZZ

za znanost

A DA4. Training for one group member Abaqus/Explicit:
Advanced Topics (02 to O5)
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A D5. Training for one group member experimental deformation
analysis (02, O3)

3. Realised activities 2"d year
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A DG6. Technical report with test results on materials- 160 (186)
tests, see Application form (O2) T finished

3. Realised activities 2"d year

24 Vijc

Ulcapnn ja ispitano 11 vijaks od Eaga 6 vijake M1 te 5 vijaka M16. Rezultat spitivanja vijaka
W17 prikazani su na slici 7, 2 vijaka M16 na slici &

Sl 3. Rezultas isptivanja betonskih valja na deosljenje

Fotografije spitanih uzoraka dae su u nastavias na slikama 4. 5.

TEHNICKO IZVJESCE S REZULTATIMA
ISPITIVANJA NA UZORCIMA MATERIJALA

e
Slika 7. Remultat ispitivanjs vijaka M12

i {1
il

2.5 Armaturne Sipke 36 Armaturae mreie

Usnp ok 5 Bk s § et dine 500 . N s 1. ke

R e I S T e Ulkeupno je ispitano 5 Sipkd izdvojenth iz amstume mrede. Sipke s promyjers 10 mm i dudine
500 mm. Ma shici 14. prikazani so uzord prije ispitivanja, & na slic 15, nakon ispitivanja.
Dijasram na slici 15. prikamije rezaitat ispitivania za dipke izdvojens iz annatures nrede.

Sliks 11. Uzorci za ammataraih Sipld prije ispitivanja
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A D7. Technical report with test results on spot welded
connections - 330 (558) tests, see Application form (O2)

3. Realised activities 2"d year

L 5

LWI-FLOOR

TEHNICKO IZVJESCE S REZULTATIMA
ISPITIVANJA ZAVARENIH SPOJEVA

0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Pomak [mm]
Zagreb, 2022.
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RESEARCH PROJECT za znanost

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

LWI-FLOOR

TEHNICKO I1ZVJESCE S REZULTATIMA ZA
ISPITANE TIPOVE POSMICNE VEZE

Zagreb, 2022, o
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LWT-FLOOR Hrvatska zaklada

RESEARCH PRO) JECT za znanost

A D9. Technical report with interpretation of results for tested

types of shear connections - 30 tests, see Application form
(02)

3. Realised activities 2"d year

...............

LWT-FLOOR
TEHNICKO 1IZVJESCE S INTERPRETACIJOM Y. . .
REZULTATA ZA ISPITANE TIPOVE POSMICNE romak (e pomsk o
VEZE =

’ l
o
° * pomak fmm) 15 o Pomak mm]
Slika 1. Rezultati ispitrvanja u obliku krivulje sila-pomak za uzorke BB_01-03 i BE_(4-06
Maime, uzorak BB_01 se smatrs ko testi uzorsk koji shitio za konfiguraciju postarki

ispitivanja. Medutim okeliko promotre ostali uzorel BE_XI moZe se ucfiti da su postigli
Zagreb, 2022. zadovoljavajudn otpomost kao i duktilnost obzirom na tip sustava.
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3. Realised activities 2" year -I.' HIZZ

za znanost

A D10. Fabrication of full-scale steel specimens i 3 specimens,

see Application form (O3)
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3. Realised activities 2"d year -I.' HIZZ

RESEARCH PROJECT za znanost

A D11. Fabrication of full-scale composite specimens i 3
specimens, see Application form (O3)
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LWT-FLOOR Hrvatska zaklada

RESEARCH PROJECT za znanost

A D12. Presentation of one or two papers (SDSS 2022) (02)

) Ghock fo upciae

3. Realised activities 2"d year

The online collection v,
for conference papers Zrnst & Sohn
in civil engineering - -

ce/papers

INAL ARTICLE .Ernsl&ng;:

Numerical Investigation of Shear Connection in Cold-
formed Steel-concrete Composite Beam

Ivan Curkovi¢!, Ivan Lukagevie!, Visha Zuvelek!, Andrea Rajic!

Correspondence Abstract

st prok. IﬂnEurkM: PRI CE Rescarches show that composite systoms made by combining coki-formed steel [CFS) cloments
Universityof Zag and concrete can produce excellent propertics comgared to traditional soktions. One of the
Faculty of Civl ’”‘"‘==""‘ solutian which cmplays CFS clements and cancretc is the subjoct af rescarch within the LWT-

Fra Andrije Kaica-Miofica 26
10000 Zagrek, Craztia
Emaikivancurkovic@grad unizg b

FLOOR project. The LWT-FLOOR system consists of buiit-up CFS beams with corugated web,
carnctcd by spat wekds and concrete stab with an innovative shear canncetion. This paper
DESLE I O e i e S e

conncction fdc: 2 dircct
shear 3 iles of the stecl girder. The sceand
type of shear conncetion is achicved wsing 3 compasite dowel rib conncetor realized through 2
storl beam corrugated web. bn this casc. the conncction between the profiles of the stecl beam
and the concrete Hange is realised indirectly, ic., through spot welds between € peofiles and
carrugated web. Th results of FE simulations indicate that 3 sokition with bolts cnsurcs higher
shcar, but reduces its ductility. These results pravide the basis for the conduction of cxperimental
pussh-out tests af the proposcd shear conncetion types.

Keywords

camposite beam, cold-formed stecl (CFS), spat-weld, built-up scotion, composite dowel rib
commector, demountable shear conncetor

1 Introduction’ ¥ £ -
M

Owerthe jears, topics regarding! impact

of the buit enuironment have become widely investgated. These O the other hand.comugaterweb beams have emerged inthe gast

topics address th the constn . which Their primary

can.inpart beach energy andraw ¥ weldd |-section are weight reduction

material by increasing the values of the structural components and
building materials during their lifecydle. An excellent example of
such an approach s the application of composite steel-concrete
structural systems, which have besn around for quits some time
now. In the first place, the application of composite steel-concrete
structural systems ensures effective usage of each structural
material ctal nd concret) to void ther mheran:dsadvantages
incre

These advantages in the fild of steel-concrete compasite fioor
systems can be further enhanced by using a newdy proposed
structural system composed of built-up cold-formed steel (CFS)
corrugated web grders and conarete slabs connected using
innowative 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 built-up CFS with cormugated web
connected by spot welds and concrete slab with innovative type of
shear connection, the scientific project LWT-FLOOR has besn

proposed and is currently ongoing at the University of Zagreb,
Facuity of Civil Enginesring. Croatia. The goal of the praject is to
investigate all the components of the structural system, as well as
the entire system using numericzl. experimental. and probabilistic
methods to 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
provide 2 direct shear connection between the flange profiles of the
stesl girder andthe concrete siab The secondtypeof analysed shear
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