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OBJECTIVES

To present recent research developments on cold-formed steel
beams with corrugated web (CWB) using

spot welding;

MIG brazing;

laser welding

from components to structures;

Self drilling screws =» Spot welding / MIG brazing

=» Laser welding



ACTUAL TECHNICAL SOLUTIONS FOR
CORRUGATED WEB GIRDERS

Exemplification by Zeman & Co (http://www.zeman-stahl.com/)
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ACTUAL TECHNICAL SOLUTIONS FOR
CORRUGATED WEB GIRDERS

Corrugated H Beam Robotic Welding Machine (www.rollformingmachines.com.au)



http://www.rollformingmachines.com.au/

ACTUAL TECHNICAL SOLUTIONS FOR
CORRUGATED WEB GIRDERS

The main benefits:

* the corrugated webs increase the beam’s stability against buckling;
* the use of thinner webs results in lower material cost (an estimated cost
savings of 10-30% in comparison with conventional fabricated sections and

more than 30% compared with standard hot-rolled beams);

* the buckling resistance of used sinusoidal corrugated sheeting used for webs
is comparable with plane webs of 12 mm thickness or more.

DESIGN — EN 1993-1-5 Annex D



The IDEA

CEMSIG Research Centre of PU Timisoara

- is 100% composed of cold-formed steel elements, avoiding the combination of two types of

products;
- high protection to corrosion due to the fact that all components are galvanized;
- to develop a structural system able to enable easy and/or automated prefabrication, reduced

erection time, mass production and possibility of high-precision quality control.

Initial solution : Self-drilling Screws!

Dubina D., Ungureanu V., Gilia L. (2015): Experimental investigations of cold-formed steel beams of corrugated web and built-up section for flanges. Thin-Walled Structures, 90(2015), pp. 159-170.



EXPERIMENTAL PROGRAM = 5 SPECIMENS

Initial solution : Self-drilling Screws!

i

CWB
oFlanges: - 2xC120/2.0;
oCorrugated web: - A45/0.7;

Fl4 Fl4 Fl4 Fl4
oSupplementary shear panels: 1 mm; . : ' Y ' [g
oSelf-drilling screws for flange-to-web connections: 6.3x25; s L4 L/ s L8
oSelf-drilling screws as seam fasteners to connect web: 4.8 x20;
oBolts — end plate connections of the beam: M12 gr. 8.8. Monotonic load - v,,,=2mm/min
6 points bending test

D. Dubina, V. Ungureanu si L. Gilia, ,Experimental investigations of cold-formed steel beams of corrugated web and built-up section for flanges”, Thin-Walled Structures, nr. vol. 90, 2015.
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Improvements need:
reduce manual labor and improve efficiency to support mass production




Tests of welded connections and
optimisation of fastening technology

[ ol 1] i
SW CMT
Tvpes of welding

Tensile-shear tests on lap joint
specimens t = 0.8; 1.0, 1.2; 1.5;
2.0 and 2.5 mm);

670 specimens for welded connections
(SW and CMT)
95 specimens for tensile tests




Tests on full scale CWB beams

F/4 F/4 F/4 F/4
! # # !
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Monotonic load - v,,,=2mm/min
6 points bending test

5 full scale beam specimens
2 using SW and 3 using MIG brazing
+

2 full scale beam specimens with web openings



TESTS ON FULL SCALE CWB BEAMS

Spot welding
2 full scale beam specimens / span: 5157 mm and height: 600 mm
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TESTS ON FULL SCALE CWB BEAMS
Spot welding

2 full scale beam specimens

The components of the built-up beams:
- two back-to-back lipped channel sections for flanges - 2 x C120/2.0;

- corrugated steel sheets (panels of 1.05 m length with 60 mm height of the corrugation);
- additional shear panels - flat plates of 1.0 or 1.2 mm;

- reinforcing profiles U150/2.0 under the load application points;
- bolts M12 grade 8.8 for endplate connection.

Name Thickness Length of shear
Outer corrugated sheets Inner corrugated sheets  Shear panels panels*
CWB SW-1 1.2 mm 0.8 mm 1.0 mm 470 mm; 570 mm
CWB SW-2 1.2 mm 0.8 mm 1.2 mm 510 mm; 630 mm

* the length of the shear panels is different due to variable position of the web corrugation
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TESTS ON FULL SCALE CWB BEAMS

CWB-SW1
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Ungureanu, V.; Both, I.; Burca, M.; Radu, B.; Neagu, C.; Dubina, D. (2021) Experimental and numerical investigations on built-up cold-formed steel beams using resistance spot welding. Thin—
Walled Structures 161, 107456.



TESTS ON FULL SCALE CWB BEAMS

CWB SW-2 0
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Deverlbﬁjr'ne of the uckling of the end shear panels

Distortion of the web corrugation



TESTS ON FULL SCALE CWB BEAMS

Spot welding failure between the web and the flange

Ungureanu, V.; Both, I.; Burca, M.; Radu, B.; Neagu, C.; Dubina, D. (2021) Experimental and numerical investigations on built-up cold-formed steel beams using resistance spot welding. Thin—
Walled Structures 161, 107456.
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TESTS ON FULL SCALE CWB BEAMS
MIG brazing
3 full scale beam specimens / span: 5157 mm and height: 600 mm
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TESTS ON FULL SCALE CWB BEAMS

MIG brazing
3 full scale beam specimens

The components of the built-up beams:
- two back-to-back lipped channel sections for flanges - 2 x C120/2.0;
- corrugated steel sheets (panels of 1.05 m length with 45 mm height of the corrugation);
- additional shear panels - flat plates of 1.0 or 1.2 mm;
- reinforcing profiles U150/2.0 under the load application points;
- bolts M12 grade 8.8 for endplate connection.

Name Thickness Length of shear
CWl CwW2 CW3 SP1(SP2) panels*
CWB CMT-1 1.2 mm 0.8 mm 0.8 mm 1.2 mm 470 mm; 570 mm
CWB CMT-2 0.8 mm 0.8 mm 0.8 mm 1.0 mm 470 mm; 570 mm
CWB CMT-3 1.0 mm 0.8 mm 0.8 mm 1.0 mm 470 mm; 570 mm

* the length of the shear panels is different due to variable position of the web corrugation

Ungureanu V., Both |, Tunea D., Grosan M., Neagu C., Georgescu M., Dubina D. (2018). Experimental investigations on built-up cold-formed steel beams using MIG brazing. Proceedings of the
Eighth International Conference on THIN-WALLED STRUCTURES - ICTWS 2018, Lisbon, Portugal, July 24-27






TESTS ON FULL SCALE CWB BEAMS

CWB - CMT1
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TESTS ON FULL SCALE CWB BEAMS

CWB - CMT2
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TESTS ON FULL SCALE CWB BEAMS
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Evolution of the out of plane deformations (a, b, c) and the
corresponding principal strains (d, e, f) of a given shear panel

digital image correlation system (DIC)

isi-sys GmbH. Two GT6600 Prosilica series
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TESTS ON FULL SCALE CWB BEAMS WITH WEB OPENINGS

To assess the effect of web openings on the global response of built-up CWB and to study
the solution of web strengthening (Service ducts requirements for multi-storey buildings).

= I.‘ m = e —
7 - S m .v' . ;

V. Ungureanu, |. Both, C. Neagu, M. Burca, D. Dubina, A.A. Cristian: Built-up cold-formed steel beams with web openings. Proceedings of the International Colloquia on Stability and Ductility
of Steel Structures (SDSS 2019, Czech Republic, 11-13 September 2019), 1185-1192



TEST ON THE CWB BEAM WITH WEB OPENING
Spot welding

Non symmetric failure




TEST ON THE CWB BEAM WITH WEB OPENING

MIG brazing Symmetry of the failure
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NUMERICAL INVESTIGATIONS

e Validate the numerical model

e Assess:

— the effect of imperfections

— the number, position and distance between SW

— the effect of the thickness of the flanges
— the effect of the thickness of the corrugated web
— the effect of the thickness of the shear panels,

V. Ungureanu, |. Lukacevic, |. Both, M. Burca, D. Dubina: Numerical investigation of built-up cold-formed steel beams with corrugated web. Proceedings of the
International Colloquia on Stability and Ductility of Steel Structures (SDSS 2019, Czech Republic, 11-13 September 2019), 1193—-1200.



FIRST PART CONCLUSIONS

SW

*both the capacity and the ductility are very good;

ecompared to the solution using self-drilling screws, they show an increased capacity
but, the deformation is consistent less;

Advantage: FAST / Disadvantage: corrugation height

CMT

*the capacity and ductility are very good;

ecompared to the SW solution, the results show an increased rigidity (no distortion
of the corrugation);

Advantage: higher capacity / Disadvantage: increased time for manufacturing.

= laser welding (LW)



Full scale experimental tests

2 welding technologies: laser welding (LW)

7 specimens

1 CWB beam CWB-LW (monotonic) =
1+1 CW columns CWB-LW (monotonic + cyclic) =
1+1 joints CWB-LW (monoton + cyclic) =



n

o Flanges: - 2xC120/2.0;

( o Corrugated web: - COFRAPUS 60/1.2;
o Shear panels 1 mm (supplementary flat plates);
o Bolts M12/M16 - 8.8 (end connections);
o S350GD+Z

Laer welding assembly techology“ hlgh product|V|ty, low temperature, high

precision, reduced distortion of corrugatlons suitable for galvanized steel.
L .. N e < . 4 S




Test on CW beam
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Displacement [mm]

Failure of shear panels

15-20% higher bearing capacity than MIG brazing
(420 kN vs. 350 kN)



Test on CW beam

15-20% higher bearing capacity than MIG brazing
(420 kN vs. 350 kN)
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Tests on CW columns - cyclic

Cyclic bending test on laser welded column
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(CWC-FB-C) assembled with laser welding
with supplementary bolts (flange-bolted)



Tests on CW columns - monotonic
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Tests on CW columns - cyclic
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Full scale tests on portal frames (SW si LW)

; Seismic act.

Timisoara: s, = 1.5 kN/m? /a,=0.2g,q=1 SLU - FC: 88.3 kN
SLU - AC: 19.6 kN (+0.4 S incl.)



Full scale tests on portal frames (LW)




Full scale tests on portal frames (SW)
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Full scale tests on portal frames (SW si LW)
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Numerical model (in progress)

Substructures

Reduced model using substructures

ABAQUS




CONCLUSIONS

Laser welding was adopted to improve structural
performance and reduce manufacturing costs,
validated through experiments and simulations.

Tests showed laser-welded beams outperform
spot-welded and MIG-brazed beams in bearing
capacity.

Columns and joints under cyclic loading displayed
stable behavior, with degradation only after
reaching maximum design force.

Cost-effective technology — using laser welding and
cold rolling for profiles = cheaper technology.
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