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Objectives

Ato collect and analyse existing reliability verification procedures for composite beams

A to analyse laboratory test results with the identification of failure modes

A to develop and calibrate numerical models based on test results

A to validate deterministically and probabilistically analytical models

A to develop a reliable design procedure for the analysed system

Hypothesis

H1: The application of built-up cold-formed steel beams in a composite structure with
reinforced concrete slab can replace hot-rolled steel beams with reduced steel consumption
H2: Spot welds and demountable shear connectors will provide a reliable connection between

elements of the system.
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Shear connection
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1) Welded shear connectors
- impossible to dismantle,
modify, or recycle the
structure's components
- complicate the reuse,
replacement, or repair of
parts

2) Demountable shear connectors
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Web openings

- reduce the cross-sectional

area
- affecting bending capacity,
shear capacity, and local

stability
e University of Zagreb Project title:Innovative lightweight coldformed steetconcrete composite floor system
B DrooR Pot Acronym:L WFFLOORProject IDUIR2020:02-2964 7

http://www.grad.unizg.hr/lwtfloor 5th LW?FLOOHProjectWorkshopZagreb, 18-19" December2025



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

State of the art

Advantages of composite steel-concrete systems

DEMOUNTABILITY

=
l.

OPTIMAL UTILISATION

OF STRUCTURAL STEEL AND CONCRETE

mm University of Zagreb
.. Faculty of Civil Engineering

| Bh Hrzz
LWT-FLOOR Croatian Science

RESEARCH PROJECT

Foundation

REUSABILITY

LONG SPAN CAPABILITY

R

Project title:Innovative lightweight coldformed steetconcrete composite floor system
e 5 el Acronym:LWTFLOORMProject IDUIR-202002-2964 8
ject

http://www.grad.unizg.hr/lwtfloor 5th LW?FLOOHProjectWorkshopZagreb, 18-19" December2025


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

Analysis of laboratory research results ’

I Croatian Science

Foundation

BASE MATERIAL

STEEL BOLTS REINFORCEMENT CONCRETE
SHEETS MESH AND BARS CYLINDERS

A grade: DX51; S350 GD A quality: 8.8 A bars: @8 mm
A thickness: 0.8 mm A diameter: A mesh: @10 mm

1.0 mm 12 mm (M12)

1.25 mm 16 mm (M16)

1.5 mm

2.0 mm

2.5 mm

3.0 mm
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concrete slab

reinforcement bars, @10 mm/15 cm

—+ <60 mm

steel sheet
corrugated web

shear plate

shear connectors, M12 channel profiles

_ Overall height [mm Channel thickness [mm CW thickness [mm SP thickness [mm
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STEEL BEAM, SB1 STEEL BEAM, SB2 STEEL BEAM, SB3
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STEEL BEAM, SB1 STEEL BEAM, SB2 STEEL BEAM, SB3

- local buckling of

- local buckling failure of CS - SW failure
J CFS beam under
- lateral deflection - CS ..
: load application
buckling oints
- SP buckling P
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COMPOSITE BEAM, CB1 COMPOSITE BEAM, CB2 COMPOSITE BEAM, CB3
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Development and calibration of numerical models

STEEL PARTS CONCRETE CYLINDERS
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GEOMETRIC IMPERFECTIONS

Measured and considered
values of deviations

1.905 2.0
3.705 4.0
3.543 4.0
5.728 6.0
4.143 5.0
5.355 6.0
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GEOMETRIC IMPERFECTIONS

STEEL PARTS

Combinations of spot welds in composite beams
| CONNECTEDELEMENTS | ... . cBL | . ..cB2 | . CB3 |
C-CW 1.0-2.5 1.0-2.0 1.5-3.0
C-CW-SP 2.5-1.0-1.0 2.0-1.0-1.0 3.0-1.5-15
C-SP 1.0-2.5 1.0-2.0 1.5-3.0
SP-CW 1.0-1.0 1.0-1.0 1.5-1.5

SHEAR CONNECTION

] embedded
| ~ part of shear
connectors
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MESH SIZE
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MASS SCALING FACTOR T ENERGY CHECK
ratio between kinetic . 7
energy and internal e 2 e
energy should be in the o
range Of 5% - 10% 0%:3- 20 40 D“plmﬁm o 80 0o 120 0%21 20 40 Dmp]am‘::m - 80 100 120
a) model with applied self-weight b) model without applied self-weight
The purpose - defining the self-weight can
cause energy disorder at the start of the g —
analysis, but it doesn't lead to dynamic o s
effects, as evidenced by the similar shape
of the curve for both models L e
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(Avg: 75%) {Avg: 75%)
49,165¢102 +9.165e+02

+8.559e+02 +8.55%e+02
+7B6e40) YN N — . 478460402

421806402
+1427e402 g
+7.134e+01 +7.134e+01
41389602 +1.389e-02

e University of Zagreb Project title:Innovative lightweight coldformed steetconcrete composite floor system
B DrooR Pot Acronym:LWFFLOORProject IDUIR2020:02-2964 27

http://www.grad.unizg.hr/lwtfloor 5th LW?FLOOHProjectWorkshopZagreb, 18-19" December2025



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

LWI-FLOOR
RESEARCH PROJECT

-.- Hrzz

Croatian Science
Foundation

Parametric numerical study

PARAMETRIC NUMERICAL STUDY

Group 1: Influence of Steel Sheet thickness
Influence of different channel thickness

Influence of different corrugated web thickness
Influence of different shear plate thickness
Group 2: Influence of spot weld density

Group 3: Influence of degree of shear connection
Group 4: Influence of Larger Spans

Group 5: Influence of Different Shapes of Corrugated Web Openings
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Parametric numerical study

PARAMETRIC NUMERICAL STUDY

Nomenclature

beam length =6 m

steel beam height = 400 mm
|_' channel profile height of 120 mm and thickness of 3.0 mm

corrugated web thickness=1.0 mm
|—> shear plate thickness=1.0 mm

6m_400_C120/3.0_CW1.0_SP1.0. M12_PAIRS_WOC_5SW

v

additional information about model:

- shear connection achieved by
bolts M12 positioned in pairs

- circular shape of web openings

- channel profiles connected to
other steel elements by five

spot welds in the cross-section
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Group 1: Influence of Steel Sheet thickness
Influence of different channel thickness
Z i : 6m_beffl500 400 C120'3.0_CW0.8_SF0.8 M12 PAIRS S, Mises
© Lo e —— e et — (SEVZ(-;E(;Z?M =-1.0)
Influence of steel %1 . ., ig:gggigg

sheet thickness i T » 6m_beftl500 400 C120°2.5 CW0.8_SF0.8 M12 PAIRS 135000102

steel beam c1o0 +3.047e+02
g _ W +2.667e+02
height 400 mm, +2.2866+02

T 80 —_— +2.286e+02
span 6 m S 6o +1.524e+02
o +1.144e+02
40| —6m b e1f 50400 G1 200 CW8 SR8 ML 2P Al RS 6m_beffl500 400 C1202.0 CW0.8 SF0.8 M12 PAIRS i;g%g‘ﬁg}
5 o| ———6m b elf 50400 G1 2/B5 CWB8 SBE ML 2PAI RS I1e5eh1
——6m_b elf 50400 C1 2/W0_ CW.8 SB8M12PAI R$ W :

0 W
0 20 40 60 80 100 121

Di spl a[mejmen't

300
S, Mises
. 250 SNEG, (fraction = -1.0)
§ ] (Avg: 75%)
= 200 6m_beffl500 500 C1202.5_CW1.0_SPL0_M12 PAIRS 143890102
£ +3.809e+02
] +3.428e+02
Influence of steel g 150 —_— 13067103
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Parametric numerical study

Group 1: Influence of Steel Sheet thickness

Influence of different channel thickness

Influence of corrugated web thickness i steel beam
height 400 mm, span 6 m - channel profiles of 2.0 mm
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Parametric numerical study

Group 1: Influence of Steel Sheet thickness

Influence of different channel thickness

Influence of corrugated web thickness i steel beam
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PARAMETRIC NUMERICAL STUDY

Group 2: Influence of spot weld density

span 9 m, concrete slab
effective width 2250 mm

span 12 m, concrete slab

effective width 1500 mm
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PARAMETRIC NUMERICAL STUDY

Group 3: Influence of degree of shear connection
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PARAMETRIC NUMERICAL STUDY

Group 4: Influence of Larger Spans
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Group 4: Influence of Larger Spans

Influence of different shear plate thickness on 12 m long span
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Parametric numerical study

Group 5: Influence of Different Shapes of Corrugated Web Openings
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Parametric numerical study

Group 5: Influence of Different Shapes of Corrugated Web Openings

Influence of different shapes of corrugated web openings i channel profile thickness 2.0 mm
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Analytical proposals

Overview of analysed analytical methods

plastic with gross cross-
. section of upper
" steel beam -I: dher
) elastic _ _
Z with effective
5 cross-section of
= upper chord
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e full degree of
= shear connection LG
o plastic
zZ partial degree of
L shear connection gz 2
— composite beam elastic
Model 3
non-linear
o
<ZE Plastic resistance =——EN 1994-1-1/EN 1993-1-1
5 |
E shear resistance of
a cross-section in
S:: Bl ARl the plane of the
E Stability resistance web
T
" shear resistance of
B RS the corrugated web
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Bending resistance
Bending resistance of steel beam i Plastic resistance EN 1993-1-1
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Bending resistance

Bending resistance of steel beam 1 Elastic resistance EN 1993-1-1 / EN 1993-1-3

gross sectional properties
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Bending resistance

Bending resistance of a composite beam i Plastic resistance
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