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« Sustainability of the built environment (construction industry)
« Energy conservation

 Conservation of raw material — increase value of structural
components and building materials through entire lifecycle
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2. Numerical model — Geometry -
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« Two types of shear connection
Bolted shear connection (embedded nuts)
« Embeded nuts
> Increased stiffness
> Easier mounting
Direct shear force transmission
M12 and M16, grade 8.8
CFS — 2.5 and 3.0 mm (2 grades)
e CW-1.25mm
 C20/25 + Q524 mesh

Composite dowel rib connector
* Indirect shear force transmission
« CW-0.8and 1.5 mm
e CFS-2.0mm
« 3 spot welds per CFS profile
« (C20/25 and LC20/22
Q524 mesh and bars @8 mm
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2. Numerical model — Geometry

« Two types of shear connection

12 models
R e
DX51D " 780x120x1.25
S350GD g 780x120x1.25 M12
DX51D % 780x120x1.25 M16
$350GD i 780x120x1.25  M16 Bolted shear
DX51D 5 mox2oxi2s w2 O connection
S350GD g 780x120x1.25 M12
DX51D % 780x120x1.25 M16
—
S350GD 780x120x1.25 M16
S 780x420x0.8 - C20/25
g 780x420x0.8 - LC20/22
% 780x420x1.5 - C20/25
- 780x420x1.5 - LC20/22
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2. Numerical model — Constitutive models
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Bilinear curve
E.=210 GPa
 v=0.3

p=7850 kg/m3

| steel vl N/
DX51D 270 325 0,15

L73]
350 420 0,15 @
n
8.8 640 800 0,12
Reinforcement 500 500 -
EH.S'
Strain
University of Zagreb Project title: Innovative lightweight cold-formed steel-concrete composite floor system
Faculty of Civil Engineering Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964 6

Vi LWT-FLOOR Project :
o http://www.grad.unizg.h/lwtfloor 2" LWT-FLOOR Project Workshop



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

2. Numerical model — Constitutive models '-'-"'rzz
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Concrete damage plasticity (CDP) model

30
« C20/25 - p=2400 kg/m?
25
« LC20/22 - p=1750 kg/m3
20
. ] & 15
« Compression failure =
— Extended EC 2 model .
— Pavlovic et. al. [29] E F
O —t]
0 2 4 6 8 10
Strain [%]
25
 Tension failure ’ \
— Cornelissen et. al. [30] g7
° 1 \ —NC 20/25
05 LC 20/22
0 \__
0 01 0,2 0,3 04
Crack opening [mm]
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2. Numerical model — Interactions
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Surfaces in contact
— Normal behaviour — hard contact
— Tangential — penalty friction (0.3 frictional coefficient) or frictionless

160
proflle- slab-slab | concrete
name proflle profll
PSS PSS slab 120
v v
X X X v v J 100
X X v v v v £
v v X v v v g 80
v v v X X X £ o
v v v v X v
40
20
. 0
3 per CFS profile 0 2 4 6 8 10

Displacement [mm]

Rigid behaviour (avoid failure)
Simulation: MPC link (solid-shell) or Point-based fastener (shell-shell)

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

Faculty of Civil Engineering . q .
LWT-FLOOR Project Acronym: LWT-FLOOR Project ID: UIP-2020-02-2964 8

\:*‘--'j".'/ http://www.grad.unizg.hr/lwtfloor 2" L[WT-FLOOR Project Workshop



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

LWI-FLOOR

RESEARCH PROJECT

I Croatian Science

Foundation

2. Numerical model = BC and Load

e BC
« Bottom concrete plane
— All directions

« CFStop
— Horizontal directions

e CFS free part
— Constraint — Rigid body

e Load

» Bolted SC
— Dispalcement: 10 mm
— Time step: 0.1 s

« Composite dowel rib SC
— Dispalcement: 30 mm
— Time step: 0.3 s
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3. Results — Bolted SC

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+3.250e+02

CFS bolt hole
bearing reistance

Concrete failure

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)
+3.250e+02
+2.97%+02
+2.708e+02
+%‘I§gE+g% S, Mises
11:8962102 SANEL-?,7(;|;/Ection = -1.0)
+1.625e+02 s
+1.354e+402 +4.200e+02
+1.0832+02 138500102
+8.125e+01 )
+5.417+01 13 00e 10
+2.708e+01 +2,450e+02
+0.000e+00 1575610
+1.400e+02
+1.050e+02
+7.000e+01
+3.500e+01
+0.000e+00
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3. Results — Bolted SC

400
350
300
250

Force [kN]
%]
=

150

100

50 53

— 54

4 6
Displacement [mm)]

B 1 544 316
B 23 186 54.4 31.6
53 [PENS 144 100 58
B 3

32. 3
32.3
57.5
57.5
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> Hole bearing; CFS profile stability
loss with partial concrete failure

» Concrete failure
> CFS profile stability loss

S4
> CFS profile stability loss

m-

18. 7
18.7
33.4
33.4

single connector or element

Fearc k. - ke Fearc
Fnym Failure mode Fcarc F t* Fearc F
NUM NUM

Stability 1.09
294 Concrete 259 0.88 150 0.51
Wh0|e mOdel 276 Stability 288 1.04 - -
343 Stability 372 1.08 - -
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3. Results — Bolted SC | S, Hr:
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400 ° Dl
330 » Concrete failure
300
= 250 :
£ . > Concrete failure
g s + D3 | -
100 > CFS profile stability loss
D1 D2
50
—— 13 D4 .
0 » Concrete fallure
0 2 4 & 8 10

Displacement [mm]

m-

254 54. 4 31. 6 32. 3 18. 7
32.8 235 54.4 31.6 32.3 18.7
344 181 100 58 57.5 334
44 .4 57.5 334
k,-F
e o Lo |25 5
NUM NUM
Concrete 0.87 0.51
303 Concrete 259 0.85 150 0.50
-}I- 339 Stability 362 1.07 - -
| D4 EELE Concrete 460 1.28 267 0.75
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3. Results — Composite dowel rib SC

CW shear yielding
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S, Mises
Multiple section points
(avg: 75%)

+1.6432-01
+8.2140-02
+0.000+00

+5.000e+02
+4,583e+02

+3.333e+02
+2,917e+02
+2,500e+02
+2.083e+02
+1.667e+02
+1,250e+02
+8,333e+01
+4,167e+01
+0.000e+00

Concrete crushing

DAMAGET
(Avg: 75%)

+9.840e-01

+0.020e-01

+8.200e-01

+7.380e-01

+6.560e-01

S, Mises +5.7408-01

Multiple section points +4.920e-01

(Avg: 75%) +4.100e-01

+4.992e+02 +3.280e-01

+4.577e+02 +2.460e-01

+4.163e+02 +1.640e-01

+3.748e+02 +8.200e-02

+3.333e+02 +0.000e+00
+2.919e+02
+2.504e+02
+2.090e+02
+1.675e+02
+1.260e+02
+8.457e+01
+4.311e+01
+1.654e+00

Concrete cracking
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3. Results — Composite dowel rib SC | ¥~ | “p's Hrzz
, C2 350
> Yielding of CW in shear 200

> NoO decrease in F-0 curve —

steel failure not explicitly Z j
defined 8.
« C3,C4 =
> Yielding of CW in shear with 0 €1 ——cC2
concrete failure afterwards >0 — 3 —ca
’ 0 10 20 30

Displacement [mm]

 Analytical resistance
> Cross-section shear resistance (projected CW length 630 mm)
» CWO0.8 =160 kN; CW1.5 = 300 kN

« Behaviour
> More ductile, but lower initial stiffness than bolted SC
> No influence of concrete density (similar strength and stiffness

parameters)
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4. Conclusions

« Specimens with bolted SC show more stiffness and
strength, but are less ductile

 Influence of bolt diameter on the shear connection failure in
concrete when plate ribs are transverse to the beam should
be checked. There is indication that the reduction factor, k;
might be increased or even completely omitted for smaller
bolt diameters

« Application of the reduction factor, k, should be checked
for strengths >450 MPa, and bolts with diameter <16 mm

« Behaviour of specimens with composite dowel rib SC is not
affected by concrete density when similar concrete classes
are used
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