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INTRODUCTION ABOUT COLD-FORMED STEEL SECTIONS
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INTRODUCTION

\ I
/ - -
(a) (b) (c) (d)

Buckling modes of cold-formed sections
(CFS): (a) local, (b) distortional, (c) global
and (d) local-flexural interactive modes [Ye

etal., 2018]

Innovative building system [Hegyi and
Dunai, 2016]
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EXPERIMENTAL TEST [Hegyi
and Dunal, 2016] A: E= 115.36

loading frame * MPa

top hinge

{ test specimen

bottom hinge

" hydraulic jack

LI ailure at t ed

: — Cross-section of braced
Loading frame of the member tests

elements of the braced specimen
specimen type Number of specimens® Ultimate load [kN] Increment [%)
Unbraced - 0 Braced — A Braced - X Braced - A Braced — X
C90-10-300 3/3/2 27.34 38.93 40.26 42 47
C90-10-600 3/2/3 27.34 37.80 37.44 38 37
C90-10-2000 3/3/3 17.76 34.44 33.57 94 89

Ve
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POLYSTYRENE AGGREGATE CONCRETE (PAC)

Expanded Polystyrene beads
Ec=[30-300] MPa

Poor strength
Light weight
Low thermal conductivity

Polystyrene concrete block
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RESEARCH PROBLEM / Checking by experimental test

CFS encased in lightweight- el G
concrete are new elements — > oW Structurai system- Checking by numerical model

RESEARCH AIM
Development of a simplified shell finite element model

Validation of the model by test results
- Providing rules for the simplified model

New design rules

Shell
+sSprings
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NUMERICAL MODEL DEVELOPMENT FOR UNBRACED

]

SPECIMENS g
©
Experimental and numerical axial load— =1
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displacement curves of: ®,
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displacement [mm)] 5

0 05 1 15 2 25
displacement [mm)]

the 300 mm column the 2000 mm column

[ AR
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COMPARISON OF TESTS AND FEA ULTIMATE LOADS

o Ultimate load [KN]
length
[mm] Test FEA FEA/Test
300 27.34 27.59 1.01
600 27.34 27.43 1.00
2000 17.76 17.80 1.00

Comparison of local failure mode
between test and FEA for 300 mm
specimens

7N
Department of Structural Engineering

Bauhaus Summer School 2022 9



SIMPLIFIED NUMERICAL MODEL DEVELOPMENT FOR BRACED SPECIMENS

Parametric study:

 Predict the bracing]
effect of concrete

* Determine the kK =0.001-
optimum range of 100000 N/mm
bracing

Applied load and restraint conditions for
braced specimens
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the 600 mm column —— imp 0.006w
& —— imp 0.013w >
— imp 0.66t

... Normalised load- 6 imp 0.006w
o Stiffness curves of
o= the 300 mm column test

. l

imp 1.4t

Frea/Fol

0.001 0.010 0.100 1.000 10.000 100
0.45
K [N/mm]
0a the 2000 mm column
0.001 0.010 0.100 1.000 10.000 100.000 1,000.000 10,000.000 100,000.000

K [N/mm] /»—/’/

- imp 0.006w
<— imp 0.015w >

0.1
0.001 0.010 0.100 1.000 10.000 100.000 1,000.00010,000.00000,000.000

K [N/mm]
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Faillure mode of the 2000 mm column
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SPRING STIFFNESS FORMULA DEVELOPMENT FOR PAC BRACED MEMBERS
[Hegediis and Kollar, 2006] |
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Internal compressed element model [Hegyi, 2016]

Ly "k Y80 MPa | 5 35E, + /E,.3025 MP
crip = 12(1 = v2)(b/t)? b/t R8T S ¢
Outstand compressed element model
m2E 1200 MPa

Ocrp = 0.43 +2.22E, + ,/E..3390 MPa — 40MPa

12(1—v2)(b/)2 T bJt
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SPRING STIFFNESS FORMULA DEVELOPMENT FOR PAC BRACED MEMBERS

e— 5. = o il

INTERNAL COMPRESSED ELEMENT MODEL | | |

Buckling mode of unbraced (left) and braced
(right) internal compressed plates (b/t=50)

Parameter range of numerical investigation
_ Parameter | Ramge

50-250 20-60 i
50-200 [MPa] Applied load and boundary conditions for

P — simply supported unbraced and braced plates
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SPRING STIFFNESS FORMULA DEVELOPMENT FOR INTERNAL PLATES
3
K=a|-=|+b | JEctd|— | Aere | 1m].A.EC+f[%].EC2

3
mm mm3 mm> mm N

2000 -
g 1500 -203.2 5.231 1.942 -0.0236 0.02615 0.001267
%1000\
500 4
o -228.7 3.028 2.628 -0.00629  0.01938 0.0015
200
400
300
200
100 100 -197.3 3.147 2.002 -0.0068 0.02156  0.003725
Ec [MPa] 50 o0 element size [mm2]
-262.9 3.668 2.82 -0.00802  0.02174 0.001072

The 3D curve of K as a function of
Ec and A (b/t=175)
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OUTSTAND COMPRESSED ELEMENT MODEL

Buckling mode of unbraced (left) and braced E e
(right) outstand compressed plates (b/t=20) ' '
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OUTSTAND COMPRESSED ELEMENT MODEL
K= a[ﬁ] ] A2+ e [ ] A.E+ f [ﬂ] E.2

mm3
C [mm]
mm mm mm5

[mm].E-+d [

E
g 10004 -190.1 5.984 1.726  -0.03303  0.02399  0.001433
500
0 -l
200 -231.1 3.485 2.906  -0.00814  0.01683  0.0004
150 00 400
100 200
Ec [MPa] 50 0 100 . 2
clementsizelmnl -255.9 3.879 2.891 -0.0096  0.01908  0.000625
-269.9 3.735 3.024  -0.00816  0.02133  0.00022

The 3D curve of K as a function of
Ec and A (b/t=50)
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APPROXIMATING EQUATION SUGGESTION FOR SPRING STIFFNESS FORMULA

K=-200 |-

The error of the simplified
formula in case of internal
plate

Department of Structural Engineering

5 [mm] E, + 0.009(- A [

30
b/t 50
——Ec=50 MPa
20 ——Ec=100 MPa
——Ec=150 MPa
10 ——Ec=200 Mpa
ES
5 0
5 50 200
-10
-20
Area mm2
30
b/t 175 ——Ec=50 MPa
20 —— Ec=100 MPa
—— Ec=150 MPa
10 ——— Ec=200 MPa
) \ / ®
o :
a 100 150 200 o
-10
-20
-30 Area mm2

error %

30

20

10

]

-10

-20

-30

+ AEc|—|+E2 [’""’ ])

b/t= 100
——Ec=50 MPa

——Ec= 100 Mpa
——Ec= 150 MPa
——Ec=200 Mpa

%=

Area mm2
b/t 250 —— Ec=50 MPa
——— Ec=100 MPa
— Ec=150 MPa
\ —— Ec=200 MPa
50 100 150 200
Area mmz2

Bauhaus Summer School 2022 18



APPROXIMATING EQUATION SUGGESTION FOR SPRING STIFFNESS FORMULA

N N N 1 mm?3
K=-200 || + 4|5 | A+ 2.5 [mm] Ec +0.009(- A? || + AE. || + E.? [—])
mm mm mm mm N
30
o b/t 20 N b/t 50 — Ec=50 MPa
@ ——Ec=100 MPa * oo b
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5—=8 R — 5—0
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. » fﬁ\‘
-20 -20
=0 2 0 2
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R 30 30
formula in case of outstand b/t —tesops b/t 60 — thsowea
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=
5 0 ®
5 0
525 @5 . 1 i s
-10
-10
-20
-20
-30
area mm2 30

area mma2
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DESIGN RESISTANCE  Test-based design resistance EC 1993-1-3 2006 (A.6.3.2 (1))

Buckling mode of
C90-0.9-600-A

Comparison of local failure at the end of the
Design values for o= b/66 braced specimen between test and FEA

Test-based design Numerical design resistance [KN
resistance [KN L=300 [mm] L=600 [mm)] L=2000 [mm]
| €90-09-A | 26.50 27.22 (2.7%) 27.23 (2.7%) 27.16 (2.5%)

26.50 27.17 (2.5%) 27.38 (3.3%) 27.46 (3.6%)
27.33 27.13 (0.7%) 27.37 (0.1%) 27.34 (0.0%)
| c140-1.5-wm | 63.24 59.40 (6.0%) 59.97 (5.1%) 59.87 (5.3%)
Bauhaus Summer School 2022
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| TARGE170
bottom | CONTA177

Column-end joint
element build-up “

[Hegyi and Screws{ BEAM188
Dunai, 2016] oo | TARGEL70
851 cONTA174

Applied load and
boundary conditions .
for unbraced joint .

Applied load and boundary
conditions for braced joint
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BUCKLING §
MODES |
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FAILURE MODES COMPARISON

Contact
pair

Comparison of connection failure Comparison of connection failure
of the unbraced specimen between of the braced specimen between
test and FEA test and FEA
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CONCLUSIONS
* Simplified numerical models were developed for fully and partially-PAC filled CFS
columns and joints.
* A simplified numerical formula was proposed to define the solid-replacement
spring stiffness.

e Design equivalent geometrical imperfection
amplitudes were suggested to predict the design
resistance of PAC filled thin-walled columns and
joints.

* Further studies
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