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Introduction: Flat oval hollow steel sections

SCI (2011)

Flat elements

ASD Westok Ltd newsteelconstruction.com

Flat Oval Section

Ridley‐Ellis (2000)

Kirkby Steel Tubes, UK

Curved elements= +
http://kst.uk.com/products/erw‐square‐rectangular‐and‐oval/4.htm



Introduction: Flat oval steel hollow sections

SCI (2011)

Available in various sizes

ASD Westok Ltd newsteelconstruction.com

SCI (2011) Commerzbank

Ridley‐Ellis (2000)

Shang Hsing steel
https://www.taiwantrade.com/product/erw‐flat‐oval‐steel‐tube‐pipe‐1334808.htmlhttps://sc01.alicdn.com/kf/HTB1tWOFGXXXXXbBXFXXq6xXFXXXr/200632358/HTB1tWOFGXXXXXbBXFXXq6xXFXXXr.jpg



Introduction: Lean Duplex Stainless Steel (LDSS) ~ constructions 

Siena, Italy

LDSS ~ a promising construction material

Sant Fruitos Bridge, Spain

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, Siena

Sölvesborg Bridge

Añorga railway bridge

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

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

https://spiral.imperial.ac.uk/bitstream/10044/1/15271/2/Engineeri
ng%20Structures_3\1_12_2009.pdf

New Doha International Airport

http://www.constructionweekonline.com/pictures/New‐Doha‐International‐Airp.jpg



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 (2015)



Introduction: Flat oval section ~ Effective area

theconstructor.org Bombay, Airport

ASDM  (2002)

lif

Zhu and Young, (2011, 2012)

Curve element: Full effective Curved element: Partially effective

No guideline to compute effective area for composite curved and flat sections in codes e.g. EN, ASCE, AS/NZS

t



Introduction: Flat element effective area / length ~ ASDM

For λ ≤ 0.673,  lef = lf
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For fy > 552 MPa, a reduced yield strength (fyrs) is substituted for limiting 
value of f (i.e. f = fyrs, for fy = 657 MPa, for LDSS)

The value of k is conservatively taken as 4.0

Flat element effective length
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For λ > 0.673,  lef = ρlf ,



Introduction: Curved element effective area / length ~ ASDM
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D/t ≤ 34.22 for
E = 197200 N/mm2

fy = 657 N/mm2. 

Aec = 2(lc-lec)te + 2tlec

Aef = 2tlef

Ae = Aec + Aef

PASDM = fyAe

Curved element effective length  (lec)
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or Slender Curved element

w or D



Objectives: Flat oval hollow LDSS stub columns

To investigate the structural behaviour of fixed ended LDSS flat oval hollow stub columns of slender 
cross-sections, by varying lf (flat element length), r (radius of curved element), and t (thickness). 

 To assess the applicability of current standards/codes  for the design of LDSS flat oval hollow stub 
columns of slender cross-sections.

Objectives

Flat Oval Hollow Stub ColumnsLean Duplex Stainless Steel Slender Cross-Sections DesignCompression



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

lf (mm) r (mm) w (mm) t (mm) h (mm) Nos.
50-150 25-100 300 3-7.5 900 33

t
D 40

t
w

or Slender Curved element



FE Modelling: Validation ~ LDSS Square hollow stub columns

Cross-section E (MPa) σ0.2 (MPa) σ1.0 (MPa)
Compound R-O 
coefficients
n n'0.2,1.0

80x80x4 197200 657 770 4.7 2.6

60x60x3 206400 711 845 5.0 2.7

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

80x80x4-SC1 319.7 80 80.5 3.88 3.8

80x80x4-SC2 332.2 80 80 3.81 3.6

60x60x3-SC1 239.8 60 60 3.09 2.3

60x60x3-SC2 240.0 60 60 3.17 2.1

L = Length, B = Width, h = height, t = thickness, ri = internal corner radius

LDSS square hollow stub column (Theofanous and Gardner, 2010)



FE Modelling: FE Validation ~ Square beam, Plate girder

LDSS square hollow stub column (Theofanous and Gardner, 2010)

 Good agreement with experimental results
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Results: Deformed shapes ~ lf = 300 mm; r = 300 mm, t = 3 mm
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Results: Effect of curved element radius (r) ~ Deformed shapes (lf = 300 mm, t = 3 mm) 



Results: Effect of flat element length (lf) ~ Deformed shapes (r = 150 mm, t = 3 mm) 



Results: Effect of curved element radius (r) ~ lf = 300 mm



Results: Codal comparison ~ r = 150, 750 mm, lf = 300 mm

r = 150 mm r = 750 mm 



Results: Effect of flat element length (lf) ~ r = 150 mm
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Results: Codal comparison ~ lf = 500 and 600 mm, r  = 150 mm

lf = 500 mm lf = 600 mm



Results: Comparison with codes

β < 2.5: Not reliable



Results: Proposed effective width for curved element ~ TRF
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TRF = 0.50



Results: Comparison with proposed modified codes

β > 2.5: Reliable



Conclusions:

Parametric study of the structural behaviour of fixed ended LDSS flat oval section stub 
columns of slender cross-sections, by varying lf (flat element length), r (radius of curved 
element), t (thickness), is presented. Based on the study, the following conclusions have 
been obtained:

 LDSS flat oval sections with semicircular elements on either sides of the flat 
elements (i.e. r/w = 0.5) provided the maximum column strength (Pu), with increasing 
Pu for increasing lf/w. 

 EN 1993-1-4, AS/NZS 4673, ASCE 8-02, and ASDM design rules are 
unconservative for the design of non-compact LDSS flat oval stub column  sections. 

 An expression has been proposed for calculating the effective thickness of curve 
elements of flat oval LDSS sections with w/t ≥ 40, which can provide reliable load 
capacity predictions when used with EN 1993-1-4 (2015), AS/NZS 4673 (2001), 
ASCE 8-02 (2002) and ASDM (2002) equations.
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