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Introduction: Perforations, Stiffened Perforations ~ examples

SCI (2011)

Stiffeners ~ to compensate reduced strength

ASD Westok Ltd newsteelconstruction.com

SCI (2011) Commerzbank

~ Perforations can result in adverse effect on the structural performance

Ridley‐Ellis (2000)



Introduction: Lean Duplex Stainless Steel (LDSS) ~ Constructions

Siena, Italy

LDSS ~ a promising construction material

Sant Fruitos Bridge

LDSS ~ Less expensive (due to low nickel content), good corrosion resistance, high temperature properties,
adequate weldability and fracture toughness (e.g. Theofanous and Gardner, Saliba & Gardner, 2013).

Footbridge of Ruffolo Likholefossen Bridge

Sölvesborg Bridge

Añorga railway Bridge

http://img.guidebook‐sweden.com/soelvesborgs‐kommun/soelvesborgsbron.jpg https://upload.wikimedia.org/wikipedia/commons/7/7d/Sant_Fruit%C3%B3s_1.JPG

http://www.diariovasco.com/multimedia/201511/27/media/anorga‐bulevarizacion/A1‐
48341596_xoptimizadax.jpg

http://2.bp.blogspot.com/‐W0DGCNwyaf8/TkOk3Ldl0N I/AAAAAAAAF9U/Lzs‐
gGPUr9M/s640/HBL_Norway6.jpg

https://spiral.imperial.ac.uk/bitstream/10044/1/15271/2/Engineeri
ng%20Structures_31_12_2009.pdf



Introduction: Lean Duplex Stainless Steel (LDSS) ~ Material properties

http://www.metalcor.de/en/datenblatt/4/



Introduction: Lean Duplex Stainless Steel (LDSS) ~ EN 1993-1-4:2006+A1



Introduction: Hollow steel members

theconstructor.org

Hollow steel beams ~ Better torsional rigidity, usable interior space, aesthetically pleasing

Beijing National StadiumBombay Airport

http://www.canadawishesh.com/media/k2/items/src/Air‐India‐relocates‐
domesti.jpg

https://cdn.shutterstock.com/shutterstock/videos/11488169/thumb/1.jpghttps://theconstructor.org/wp‐content/uploads/2010/04/BoxGirder.jpg



Objectives: Stiffened perforated hollow steel beams ~ shear capacity

Hollow steel beams

To assess the shear behaviour of stiffened single perforated LDSS 
rectangular hollow beam, considering diagonal / inclined pattern. 

More specifically, the effect of variation in cross-sectional dimensions 
(or slenderness) e.g. width (bs), thickness (ts) and length (ls) of inclined 
(or diagonal) stiffener pattern is investigated. 

Lean Duplex Stainless Steel 

Web perforation

Inclined stiffeners

Shear capacity

Objective



FE Modelling: Geometry, mesh, boundary conditions, loading…

Beam

hw/tw = 300 (hw = 600 mm, tw = 2mm) , tf/tw = 5 (tf = 10 mm), wf/hw = 0.33 (wf = 200 mm), a/hw = 1.00 (a = 600 mm)

Stiffener

ls/hw = 1.00 - 1.75 (ls = 300-515 mm), bs/hw = 0.04 - 0.10 (bs = 24 – 60 mm), ts/tw = 1-7 (ts = 2-14 mm)



FE Modelling: FE Validation ~ Material properties

SHS 60 × 60 × 3 – B2 specimen

a) Tension flat material properties

Eo (MPa) σ0.2 (MPa) σ1.0 (MPa) σu(MPa) Compound R-O coefficients

209797 755 819 839 6.0 4.3

b) Compression flat material properties

206430 711 845 - 5.0 2.7

c) Tensile corner material properties

212400 885 1024 1026 6.3 4.0

Specimen L (mm) B (mm) D (mm) t (mm) ri(mm)

SHS 60x60x3-B2 1100 60 60 3.10 2.3

Plate girder L (mm) a (mm) e (mm) hw (mm) b (mm) tf (mm) tw (mm) ts (mm) bs

(mm)

a/hw

I - 600 x 200 x 12 x 4 - 1 1360 600 80 598.8 200.1 12.4 4.1 20.9 98 1

I - 600 x 200 x 12 x 8 - 1 1360 600 80 600.3 200.1 12.5 8.2 20.6 96 1

Theofanous and Gardner (2010)

Saliba and Gardner (2013)



FE Modelling: Validation ~ Square beam, Plate girder
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A) LDSS square hollow beam (Theofanous and Gardner, 2010)

0
5

10
15
20
25
30
35
40
45

0 0.05 0.1 0.15 0.2

M
om

en
t (

kN
m

)

Rotation θ (Degree)

100 x 100 x 4 - B1 (Exp)
100 x 100 x 4 - B1 (FE)

0

200

400

600

800

1000

1200

0 5 10 15 20

Lo
ad

 (k
N

)

Mid-span vertical displacement (mm)

I - 600 x 200 x 12 x 4 - 1 (Exp)

I - 600 x 200 x 12 x 4 - 1 (FE)

0

500

1000

1500

2000

2500

3000

0 5 10 15

Lo
ad

 (k
N

)

Mid-span vertical displacement (mm)

I - 600 x 200 x 12 x 8 - 1 (Exp)

I - 600 x 200 x 12 x 8 - 1 (FE)

I – 600 x 200 x 12 x 4 - 1

 Good agreement with experimental results

B) LDSS steel plate girder (Saliba and Gardner, 2013)



Results: Effect of stiffener length (ls) ~ bs/hw = 0.04 (bs = 24 mm)

A) Slender section (ts/tw = 1.0 (ts = 2 mm; tw = 2 mm)

B) Stocky section (ts/tw = 7.0 (ts = 14 mm; tw = 2 mm)
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Results: Effect of stiffener thickness (ts) ~ bs/hw = 0.04 (bs = 24 mm)



Results: Effect of stiffener  breadth (bs) ~ short  stiffener (ls/do = 1.0)

A) Slender section (ts/tw = 1.0)

B) Stocky section (ts/tw = 7.0)

bs/hw= 0.04

bs/hw = 0.10

bs/hw= 0.04

bs/hw = 0.10



Results: Effect of stiffener  breadth (bs) ~ short  stiffener (ls/do = 1.0)



Results: Effect of stiffener  breadth (bs) ~ long stiffener (ls/do = 1.75)

A) Slender section (ts/tw = 1.0)

B) Stocky section (ts/tw = 7.0)

bs/hw= 0.04

bs/hw = 0.10

bs/hw= 0.04

bs/hw = 0.10



Results: Effect of stiffener  breadth (bs) ~ long stiffener (ls/do = 1.75)



Conclusions:

FE studies on the shear behaviour of single perforated LDSS rectangular hollow beam, stiffened with
inclined stiffeners have been presented considering cross-sectional dimensions (or slenderness) e.g.
length (ls), width (bs) and thickness (ts) as parameters. Based on the investigation, the following
conclusions have been drawn:

 The rate of increase in shear capacity (Vu/Vy) increases with increasing stiffener length.
It is also seen that it is possible to achieve the strength of unperforated beam, with larger stiffener
length and thickness, e.g. for the longest and thickest stiffener (ls/do = 1.75 & ts/tw = 7) considered,
the stiffened perforated beam has achieved the shear capacity of unperforated beam.

 There is no significant change in the value of shear capacity for increase in stiffener width,
suggesting that there is not much benefit in increasing the cross-sectional dimension (in terms of bs
and ts) for short length stiffeners (ls/do = 1.0).

In the case of long stiffeners, an improved enhancement in shear capacity can be seen even for
thin stiffeners e.g. an increase of ~19% in Vu/Vy as compared to non stiffened case, can be observed
for bs/hw = 0.10 (or bs = 60 mm).

Whereas for thick stiffeners (e.g. ts/tw = 7), almost full strength of the unperforated beam could be
achieved at lower bs (e.g. bs = 0.04).
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