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Presentation Notes
Courtesy Frank Smith
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12.
13.
14.
15.

16.

17.
18.
19.
20.
21.

SEZT A 3R

http://www.lapresse.ca/actualites/montreal/201111/25/01-4471833-echangeur-turcot-254-millions-pour-lentretien-avant-la-
demolition.php
http://www.ledevoir.com/politique/quebec/336978/echangeur-turcot-quebec-confirme-le-mauvais-etat-des-structures

http://www.worldstainless.org/Files/issf/Education references/Ref07 The use of predictive models in specifying selective use

of stainless steel reinforcement.pdf

http://www.nachi.org/visual-inspection-concrete.htm visual inspection of concrete

http://www.nickelinstitute.org/en/Sustainability/LifeCycleManagement/LifeCycleAssessments/LCAProgresoPier.aspx (progreso Pier)

http://www.worldstainless.org/Files/issf/Education references/Ref08 Special-issue-stainless-steel-rebar-Acom.pdf

https://www.roadsbridges.com/willing-bend-0 (oregon)
http://structurae.net/structures/data/index.cfm?id=s0011506 (oregon)

http://www.aeconline.ae/major-hong-kong-stainless-steel-rebar-contract-signed-by-arminox-middle-east-42317/news.html (HK
Macau)

http://www.engineersireland.ie/Engineersireland/media/SiteMedia/groups/Divisions/civil/Broadmeadow-Estuary-Bridge-
Integration-of-Design-and-Construction.pdf?ext=.pdf (Broadmeadow)

Courtesy Ugitech SA
http://www.arup.com/Projects/Stonecutters Bridge.aspx (stonecutters’bridge)

www.worldstainless.org/Files/issf/non-image-files/PDF/Stonecutters Bridge Case Study-2.pdf (stonecutters’bridge)
http://www.cif.org/noms/2008/24 - Ocean Parkway Belt Bridge.pdf (belt parkway bridge)

Béton Armé d’inox: Le Choix de la durée (French) http://www.infociments.fr/publications/ciments-betons/collection-technique-
cimbeton/ct-t81

Armaduras de Acero Inoxidable (Spanish) http://www.cedinox.es/opencms901/export/sites/cedinox/.galleries/publicaciones-
tecnicas/59armadurasaceroinoxidable.pdf

www.ukcares.com/downloads/guides/PART7.pdf

http://www.worldstainless.org/Files/issf/Education references/Ref19 Case study of progreso pier.pdf

http://www.sintef.no/upload/Byggforsk/Publikasjoner/Prrapp%20405.pdf (general)

http://americanarminox.com/Purdue University Report - Stainless Steel Life Cycle Costing.pdf (advantages of using ss rebar)

http://www.stainlesssteelrebar.org
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http://www.lapresse.ca/actualites/montreal/201111/25/01-4471833-echangeur-turcot-254-millions-pour-lentretien-avant-la-demolition.php
http://www.ledevoir.com/politique/quebec/336978/echangeur-turcot-quebec-confirme-le-mauvais-etat-des-structures
http://www.worldstainless.org/Files/issf/Education_references/Ref07_The_use_of_predictive_models_in_specifying_selective_use_of_stainless_steel_reinforcement.pdf
http://www.nachi.org/visual-inspection-concrete.htm
http://www.nickelinstitute.org/en/Sustainability/LifeCycleManagement/LifeCycleAssessments/LCAProgresoPier.aspx
http://www.worldstainless.org/Files/issf/Education_references/Ref08_Special-issue-stainless-steel-rebar-Acom.pdf
https://www.roadsbridges.com/willing-bend-0
http://structurae.net/structures/data/index.cfm?id=s0011506
http://www.aeconline.ae/major-hong-kong-stainless-steel-rebar-contract-signed-by-arminox-middle-east-42317/news.html
http://www.engineersireland.ie/EngineersIreland/media/SiteMedia/groups/Divisions/civil/Broadmeadow-Estuary-Bridge-Integration-of-Design-and-Construction.pdf?ext=.pdf
http://www.arup.com/Projects/Stonecutters_Bridge.aspx
http://www.worldstainless.org/Files/issf/non-image-files/PDF/Stonecutters_Bridge_Case_Study-2.pdf
http://www.cif.org/noms/2008/24_-_Ocean_Parkway_Belt_Bridge.pdf
http://www.infociments.fr/publications/ciments-betons/collection-technique-cimbeton/ct-t81
http://www.cedinox.es/opencms901/export/sites/cedinox/.galleries/publicaciones-tecnicas/59armadurasaceroinoxidable.pdf
http://www.ukcares.com/downloads/guides/PART7.pdf
http://www.worldstainless.org/Files/issf/Education_references/Ref19_Case_study_of_progreso_pier.pdf
http://www.sintef.no/upload/Byggforsk/Publikasjoner/Prrapp%20405.pdf
http://americanarminox.com/Purdue_University_Report_-_Stainless_Steel_Life_Cycle_Costing.pdf
http://www.stainlesssteelrebar.org/
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L. Bertolini, M. Gastaldi, T. Pastore, M. P. Pedeferri and P. Pedeferri, “Effects of Galvanic Coupling between Carbon Steel
and Stainless Steel Reinforcement in Concrete”, International Conference on Corrosion and Rehabilitation of Reinforced
Concrete Structures, 1998, Orlando, Florida.

A. Knudsen, EM. Jensen, O. Klinghoffer and T. Skovsgaard, “Cost-Effective Enhancement of Durability of Concrete
Structures by Intelligent use of Stainless Steel Reinforcement”, International Conference on Corrosion and Rehabilitation
of Reinforced Concrete Structures, 1998, Orlando, Florida.

L. Bertolini, M. Gastaldi, T. Pastore and M. P. Pedeferri, “Effect of Chemical Composition on Corrosion Behaviour of
Stainless Steel in Chloride Contamination and Carbonated Concrete”, Properties and Performances, Proceedings of 3rd
European Congress Stainless Steel '99, 1999, Vol .3, Chia Laguna, AIM

O. Klinghoffer, T. Frolund, B. Kofoed, A. Knudsen, EM. Jensen and T. Skovsgaard, “Practical and Economic Aspects of

Application of Austenitic Stainless Steel, AlSI 316, as Reinforcement in Concrete”, Corrosion of Reinforcement in Concrete:

Corrosion Mechanisms and Corrosion Protection, 2000, Mietz, J., Polder, R. and Elsener, B., Eds, London
Knudsen and T. Skovsgaard, “Stainless Steel Reinforcement”, Concrete Engineering, 2001, Vol. 5 (3), p. 59.

L. Bertolini and P. Pedeferri, “Laboratory and Field Experience on the Use of Stainless Steel to Improve Durability of
Reinforced Concrete”, Corrosion Review, 2002, Vol. 20, p. 129

S. Qian, D. Qu & G. Coates Galvanic Coupling Between Carbon Steel and Stainless Steel Reinforcements Canadian
Metallurgical Quarterly Volume 45, 2006 - Issue 4 Pages 475-483 Published online: 18 Jul 2013

J.T. Pérez-Quiroz, J. Teran, M.J. Herrera, M. Martinez, J. Genesca : “Assessment of stainless steel reinforcement for
concrete structures rehabilitation” J. of Constructional Steel research (2008) doi:10.1016/j.jcsr.2008.07.024

Juliana Lopes Cardoso / Adriana de Araujo / Mayara Stecanella Pacheco / Jose Luis Serra Ribeiro / Zehbour Panossian
“stainless-steel-rebar-for-marine-environment-a-study-of-galvanic-corrosion-with-carbon-steel-rebar-used-in-the-same-
concrete-structure” (2018) https://store.nace.org/stainless-steel-rebar-for-marine-environment-a-study-of-galvanic-
corrosion-with-carbon-steel-rebar-used-in-the-same-concrete-structure Product Number: 51318-11312-SG

http://stainlesssteelrebar.org/
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https://www.tandfonline.com/author/Qian,+S
https://www.tandfonline.com/author/Qu,+D
https://www.tandfonline.com/author/Coates,+G
https://www.tandfonline.com/toc/ycmq20/current
https://www.tandfonline.com/toc/ycmq20/45/4
https://store.nace.org/stainless-steel-rebar-for-marine-environment-a-study-of-galvanic-corrosion-with-carbon-steel-rebar-used-in-the-same-concrete-structure
http://stainlesssteelrebar.org/
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Presenter
Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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Presenter
Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.



TR ILFE—)
HoETROER
=% &t : Wefirna

Jti L : THV Van Laere—Braekel Aero

s
i
1]
=
S
I
%
X
A\
A
Ik
X
m
o
i*




| J)avyt)l
(R)LF—)
BEFK

}:\‘ i%5t:ARTE

it T :
N\ Tractebel
Development

N,
N,
o

_?‘\\\\\QN




2
i
4]
e
S
i
&
X
A\
N
Ik
X
[22]
i
5

IN) (TS R)

La Grande Arche

E%ET : Johan Otto von Spreckelsen
L : Paul Andreu



Presenter
Presentation Notes
Architekt Johan Otto von Spreckelsen (*)
ADP / P. Andreu / F. Deslaugiers
110 m hoch, 35 Geschosse
Nord-/Südflügen 19 m dick
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Presenter
Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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Presenter
Presentation Notes
The key difference between carbon steel and stainless steel is in the stress-strain curve, as shown on this slide. Carbon steel has linear elastic behavior up-until a sharply defined yield point, after which strain can increase with no increase in stress, although there may be an small amount of strain hardening. 

Stainless steel does not exhibit such behavior. Instead, yielding is more gradual, with a considerable level of strain hardening. 
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Presenter
Presentation Notes
With carbon steel, the yield strength is simply taken as the design strength. The difficulty in designing with materials which have a non-linear stress-strain curve is the choice of design strength. 

The conventional way of defining the design strength for metals like stainless steel, aluminium alloys and high strength steels which do not exhibit a clear yield point, is to use the 0.2% proof strength.

This graph shows the definition of the ‘0.2% proof strength’. 


Austenitic stainless steels have a 0.2% proof strength of around 220 MPa whereas duplexes are about twice as strong, with a 0.2% proof strength of around 450 MPa.

The high strength of duplex stainless steel will often permit a lighter section to be used compared with carbon steel.

It should be noted that the measured yield strength  of austenitic stainless steels may exceed the specified minimum values by a margin varying from 25 to 40%, for plate thicknesses of 25 mm or less. The margin for duplex stainless steels is lower, perhaps up to 20%. There is an inverse relationship between thickness or diameter, and yield stress; thinner material typically have yield stresses that are significantly higher than the minimum requirement whereas at thicknesses of 25 mm and above, the values are usually fairly close to the specified values.

The Young's Modulus is 200,000 MPa, which is only slightly different to the value assumed for carbon steel, around 210,000 MPa.
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Presenter
Presentation Notes
Stainless steels exhibit strong strain hardening, which can be advantageous in some situations and disadvantageous in others.
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Presenter
Presentation Notes
Stainless steels exhibit strong strain hardening, which can be advantageous in some situations and disadvantageous in others.
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Presenter
Presentation Notes
The reduction in ductility is never a problem with austenitics because they have such high ductility to start with, around 50% (more on this later in the presetnation). 
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Presenter
Presentation Notes
Stainless steel also differs from carbon steel in terms of ductility and toughness.
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Presenter
Presentation Notes
The key difference between carbon steel and stainless steel is in the stress-strain curve, as shown on this slide. Carbon steel has linear elastic behavior up-until a sharply defined yield point, after which strain can increase with no increase in stress, although there may be an small amount of strain hardening. 

Stainless steel does not exhibit such behavior. Instead, yielding is more gradual, with a considerable level of strain hardening. 
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Presenter
Presentation Notes
Good impact resistance is also required for security bollards as well as blast resistant walls which are required to protect personnel on the topsides of offshore platforms in the event of an explosion.


> I-EFHFFIE

JEREIC LB E

%
i
4
#
S
I
&
X
A\
N
Ik
X
[22]
i
5

* REBEEEICHIGLRANR - EALLRZEZLEZ NS
» EHECHITORRISHEIIEM DERBEFEENELD
AN KREGD



Presenter
Presentation Notes
We will now consider the impact of the non-linearity of the stress-strain curve on the structural performance of stainless steel.
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Presenter
Presentation Notes
To consider the impact of the stress-strain characteristics on buckling performance, we will consider columns with low, high and intermediate slenderness separately.
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Presenter
Presentation Notes
This graph shows a comparison of strength reduction factors at elevated temperatures between carbon steel and stainless steel, based on the strength at 2% strain, which is shown by the solid lines and the strength at 0.2% plastic strain, which is the dotted lines. And we can see that beyond about 550oC, stainless steel retains its strength better than carbon steel.
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Sheet1

		

				Temp		CS		SS

				20		0		0

				100		1.00		1.32

				200		2.32		3.04

				300		3.72		4.85

				400		5.20		6.73

				500		6.76		8.68

				600		8.40		10.69

				700		10.12		12.75

				750		11.00		13.79

				800		11		14.85

				860		11		16.13

				900		11.8		16.99

				1000		13.8		19.16

				1100		15.8		21.35

				1200		17.8		23.55

		Y. Sakumoto et al

				SS		CS		EC3				SS				alpha		temp

		20		0.346928		0.228016		0				0.1				0		20

		100		1.7532		1.1804		1.3173256				1.7				0.0000164666		100

		200		3.5528		2.4616		3.0434904				3.4				0.0000169083		200

		300		5.3988		3.8436		4.8510364				5.3				0.0000173251		300

		400		7.2912		5.3264		6.7325056				7.2				0.0000177171		400

		500		9.23		6.91		8.68044				9				0.0000180842		500

		600		11.2152		8.5944		10.6873816				10.8				0.0000184265		600

		700		13.2468		10.3796		12.7458724				12.9				0.0000187439		700

		800		15.3248		12.2656		14.8484544				15				0.0000190365		800

		900		17.4492		14.2524		16.9876696				17.1				0.0000193042		900

		1000		19.62		16.34		19.15606				19.4				0.000019547		1000

		1100						21.3461676								0.000019765		1100

		1200						23.5505344								0.0000199581		1200

		Helsinki University														Ala-Outinen

				Base Material		Cold-formed material										Temp		CS		SS

																20		0		0

		20		0		0										100		0.95		1.5

		100		1.3		1.3										200		2.25		3.5

		200		3		3										300		3.75		5.25

		300		4.8		4.7										400		5		7								3.75

		400		6.5		6.5										500		6.75		9.25

		500		8.3		8.3										600		8.5		11.25

		600		10		10										700		10		13.4

		700		12		12										750		11

		800		13.95		14.1										800		11		15.5

		900		16		16.1										850		11

		1000														900		11.75		17.75

		1100														1000		14		20

		1200

		Baddoo & Gardner (2000)

		100		1.6

		200		3.5

		300		5.2

		400		7.2

		500		9.3

		600		11.3

		700		13.4

		800		15.5

		900		17.7

		1000		20
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EN 1.4301 (Y. Sakumoto et al)

Base Material

Cold-formed material

EC3

temperature 0C

thermal elongation (10-3)

Thermal elongation for stainless steel grade EN 1.4301

0.346928

0

0

0

1.7532

1.3

1.3
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3

3
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5.3988
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4.7
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7.2912

6.5

6.5
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Specific heat
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Y. Sakumoto et al (1996) tests

A-O tests (annealed material)

A-O tests (cold-worked material)

Eurocode 3

Baddoo & Gardner (2000)

Temperature (0C)

Thermal elongation (10-3)

Figure 3.13: Thermal elongation for stainless steel grade EN1.4301
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Thermal conductivity

		SS

		Temp		EC3				Density

		20		455				0

		100		475

		200		495

		300		511

		400		524

		500		534

		600		542

		700		549

		800		556

		900		564

		1000		573

		1100		584

		1200		599

		CS

		Temp		EC3

		20		440

		100		488

		200		532

		300		570

		400		615

		500		682

		600		760

		700		1008

		720		1388

		735		5000

		750		1483

		780		909

		800		803

		810		771

		900		650

		1000		650

		1100		650

		1200		650

		J/kgK = Nm/kgK

		Nm/kgK = kgm2s-2/kgK

		kgm2s-2/kgK = m2s2/K

		m2s2/K = 106*3600 mm2/minK

				heat flux     q =		A [(q-qz)4-(qo-qz)4] + h(q-qo)

																				0.0000000568

				SH		temp		heat flux		time		ampl								qo		h

		455		1639744819200		20		0		0		0								20		25

		475		1710806400000		100		-2.0175412485		0.0883		0.001575957								100.0678906423

		495		1783555200000		200		-5.3056251006		0.291		0.0041443699								200.1532445784

		511		1841140800000		300		-996.5417996156		0.82		0.7784262483								323.0900194479

		524		1886457600000		400		120.2059762311		1.43		-0.093896199								397.7130312224

		534		1922400000000		500		-153.7573717176		3		0.1201041181								502.2893029919

		542		1951862400000		600		-267.4650100443		6		0.2089242864								603.1176476098

		549		1977739200000		700		-594.8337179969		12		0.4646410012								705.4362483219

		556		2002924800000		800		-299.2038597399		23		0.2337163761								802.174246299

		564		2030313600000		900		174.526208988		44		-0.136327229								898.9822733588

		573		2062800000000		1000		-1280.2006635132		90		1								1005.9876663282

		584		2103278400000		1100		107572.874241485

		599		2154643200000		1200		136292.040213581

				0		20								0

				1		349.2136657566

				2		444.5048778755

				3		502.2893029919

				4		543.8873092579

				5		576.4104305683

				6		603.1176476098

				7		625.776825207

				8		645.4551080418

				9		662.8463867416

				10		678.4273315131

				11		692.5395522925

				12		705.4362483219

				13		717.3103081791

				14		728.3120630018

				15		738.5609527592

				16		748.1534500532

				17		757.168595669

				18		765.6719607711

				19		773.7185436321

				20		781.354927231

				21		788.6209130917

				22		795.5507768948

				23		802.174246299

				24		808.5172716077

				25		814.6026398101

				26		820.4504687083

				27		826.0786081777

				28		831.5029687484

				29		836.737792754

				30		841.7958796883

				31		846.688774748

				32		851.4269275493

				33		856.0198265082

				34		860.4761132291

				35		864.8036803673

				36		869.009755751

				37		873.1009750144

				38		877.0834445746

				39		880.9627964535

				40		884.7442361797

				41		888.4325847927

				42		892.0323158006

				43		895.5475878003

				44		898.9822733588

				45		902.3399846575

				46		905.6240963249

				47		908.837765821

				48		911.9839516804

				49		915.0654298795

				50		918.084808554

				51		921.0445412625

				52		923.9469389659

				53		926.7941808674

				54		929.5883242419

				55		932.3313133664

				56		935.0249876461

				57		937.6710890241

				58		940.271268747

				59		942.8270935545

				60		945.340051349

				61		947.8115563976

				62		950.242954113

				63		952.6355254509

				64		954.9904909636

				65		957.3090145383

				66		959.5922068521

				67		961.8411285663

				68		964.0567932854

				69		966.2401703001

				70		968.3921871334

				71		970.5137319063

				72		972.6056555387

				73		974.6687737984

				74		976.7038692107

				75		978.7116928409

				76		980.6929659583

				77		982.6483815915

				78		984.5786059837

				79		986.484279956

				80		988.366020184

				81		990.2244203961

				82		992.0600524981

				83		993.8734676296

				84		995.6651971573

				85		997.4357536099

				86		999.1856315581

				87		1000.9153084438

				88		1002.625245362

				89		1004.3158877989

				90		1005.9876663282





Thermal conductivity
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Figure 3.14: Specific heat of stainless steel and carbon steel as a function of temperature



		





		SS

		Temp		EC3

		20		14.85

		100		15.87

		200		17.14

		300		18.41

		400		19.68

		500		20.95

		600		22.22

		700		23.49

		800		24.76

		900		26.03

		1000		27.30

		1100		28.57

		1200		29.84

		CS

		Temp		EC3

		20		53.33

		100		50.67

		200		47.34

		300		44.01

		400		40.68

		500		37.35

		600		34.02

		700		30.69

		790		27.69

		800		27.30

		900		27.30

		1000		27.30

		1100		27.30

		1200		27.30

		W/mK = N/m/msK		60*N/minK = N/sK

		14.85		891.24

		15.87		952.2

		17.14		1028.4

		18.41		1104.6

		19.68		1180.8

		20.95		1257

		22.22		1333.2

		23.49		1409.4

		24.76		1485.6

		26.03		1561.8

		27.30		1638

		28.57		1714.2

		29.84		1790.4





		



Stainless Steel

Carbon Steel

Stainless Steel

Temperature (oC)

Thermal conductivity (W/mK)

Figure 3.15: Thermal conductivity of stainless steel as a function of temperature
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Presenter
Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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Presenter
Presentation Notes
We will turn to consider design rules for structural stainless steel.
Although design standards vary around the world, their focus is always on safe, serviceable & economical structures.
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Presenter
Presentation Notes
There are ten Eurocodes in all. Six of them deal with structural design using different materials:
Concrete, 
Steel, 
Composite (concrete and steel), 
Masonry, 
Aluminium,
Timber. 
Eurocode 3 covers structural design with steel.
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Presenter
Presentation Notes
Eurocode 3 is divided into many parts. It covers design of different types of steel structures such as buildings, bridges, tanks, piling etc.
Part 1-4 gives structural rules for stainless steels.
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Presenter
Presentation Notes
Eurocode 3 is divided into many parts. It covers design of different types of steel structures such as buildings, bridges, tanks, piling etc.
Part 1-4 gives structural rules for stainless steels.
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Presenter
Presentation Notes
Eurocode 3 is divided into many parts. It covers design of different types of steel structures such as buildings, bridges, tanks, piling etc.
Part 1-4 gives structural rules for stainless steels.
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Presenter
Presentation Notes
Eurocode 3 is divided into many parts. It covers design of different types of steel structures such as buildings, bridges, tanks, piling etc.
Part 1-4 gives structural rules for stainless steels.
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Presenter
Presentation Notes
There are other design standards for structural stainless steel, generally for cold formed material. 
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Presenter
Presentation Notes
Eurocode 3 is divided into many parts. It covers design of different types of steel structures such as buildings, bridges, tanks, piling etc.
Part 1-4 gives structural rules for stainless steels.
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Presenter
Presentation Notes
Carbon steel and stainless steel are classified into four classes in exactly the same way. However the limiting width-to-thickness ratios for stainless steel are generally lower than for carbon steel.

Carbon steel cross section classifications for different standard sections are published in various resources, e.g. SCI Blue Book. A similar resource is not available for stainless steel, as there is no standard family of cross section shapes. The designer will therefore be required to classify the section themselves, which can be laborious. Software is available to simplify the task, as can be found at www.steel-stainless.org/software

Since the design rules in the Eurocode were derived, a great deal more test data have become available for structural stainless steel and these data now justify the use of less conservative section classification limits, generally aligned to the carbon steel limits. The limits will therefore be raised in the next version of EN 1993-1-4, due to be published in 2014.
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Presenter
Presentation Notes
Carbon steel and stainless steel are classified into four classes in exactly the same way. However the limiting width-to-thickness ratios for stainless steel are generally lower than for carbon steel.

Carbon steel cross section classifications for different standard sections are published in various resources, e.g. SCI Blue Book. A similar resource is not available for stainless steel, as there is no standard family of cross section shapes. The designer will therefore be required to classify the section themselves, which can be laborious. Software is available to simplify the task, as can be found at www.steel-stainless.org/software

Since the design rules in the Eurocode were derived, a great deal more test data have become available for structural stainless steel and these data now justify the use of less conservative section classification limits, generally aligned to the carbon steel limits. The limits will therefore be raised in the next version of EN 1993-1-4, due to be published in 2014.
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Presenter
Presentation Notes
Carbon steel and stainless steel are classified into four classes in exactly the same way. However the limiting width-to-thickness ratios for stainless steel are generally lower than for carbon steel.

Carbon steel cross section classifications for different standard sections are published in various resources, e.g. SCI Blue Book. A similar resource is not available for stainless steel, as there is no standard family of cross section shapes. The designer will therefore be required to classify the section themselves, which can be laborious. Software is available to simplify the task, as can be found at www.steel-stainless.org/software

Since the design rules in the Eurocode were derived, a great deal more test data have become available for structural stainless steel and these data now justify the use of less conservative section classification limits, generally aligned to the carbon steel limits. The limits will therefore be raised in the next version of EN 1993-1-4, due to be published in 2014.
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Presenter
Presentation Notes
The minimum specified values of 0.2% proof strength are given in the harmonised material standards:
EN 10088-4 is the harmonised product standard for stainless steel sheet, strip and plate.
EN 10088-5 is the harmonised product standard for stainless steel bar and rod.
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Presenter
Presentation Notes
This graph compares the flexural buckling curves for carbon steel (welded I sections and hollow sections) and stainless steel (welded I sections and hollow sections)
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Presenter
Presentation Notes
This graph compares the flexural buckling curves for carbon steel (welded I sections and hollow sections) and stainless steel (welded I sections and hollow sections)
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Presenter
Presentation Notes
This graph compares the flexural buckling curves for carbon steel (welded I sections and hollow sections) and stainless steel (welded I sections and hollow sections)
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Presenter
Presentation Notes
This graph compares the flexural buckling curves for carbon steel (welded I sections and hollow sections) and stainless steel (welded I sections and hollow sections)
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Presenter
Presentation Notes
This graph compares the flexural buckling curves for carbon steel (welded I sections and hollow sections) and stainless steel (welded I sections and hollow sections)
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Presenter
Presentation Notes
Lateral torsional buckling is the member failure mode associated with unrestrained beams loaded about their major axis….
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Presenter
Presentation Notes
Lateral torsional buckling is the member failure mode associated with unrestrained beams loaded about their major axis….
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Presenter
Presentation Notes
Lateral torsional buckling is the member failure mode associated with unrestrained beams loaded about their major axis….
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Presenter
Presentation Notes
Lateral torsional buckling is the member failure mode associated with unrestrained beams loaded about their major axis….
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Presenter
Presentation Notes
This graph compares the lateral torsional buckling curves for carbon steel (welded I sections and cold formed channels) and stainless steel (welded I sections and cold formed channels)
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Presenter
Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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DSM (Direct Strength Method)
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DSM (Direct Strength Method)
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DSM (Direct Strength Method)
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DSM (Direct Strength Method)

" A EFERERE P,

— e = /B, /Pye = 1,88
— B, = Af, = 376 kN

—P.,, =0,28%376 = 107 kN

2
i
4]
e
S
i
&
X
A\
N
Ik
X
[22]
i
5

For A, < 1,5 B = (0,658%)P,
For A, > 1,5 P (0/?277) P,

= P, =93,81kN




EREETE

DSM (Direct Strength Method)

= X793
RIEHEE RN oD =/IMEIZFLLY

%
i
4]
#
S
i
&
X
A\
N
Ik
X
[22]
i
5

- [BFTEEJE P, =93.81 kN
-RECNERE : P, =344.56 kN
- £{KEE  :P__=9381kN

= P_=93,381 kN




EigraE AT

CSM (Continuous Strength Method)
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CSM (Continuous Strength Method)
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CSM (Continuous Strength Method)
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CSM (Continuous Strength Method)
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FEM (Finite Element Model)
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FEM (Finite Element Model)
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FEM (Finite Element Model)
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FEM (Finite Element Model)
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Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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Presentation Notes
This lecture is concerned with the use of stainless steel in structural and civil engineering applications. It gives specific guidance for design. This is the second of two lectures: the first lecture gives an overview of what stainless steel is and the issues you should consider when you specify it. Throughout the presentation, stainless steel is compared with structural carbon steel.
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A CENTURY OF
INNOVATION

From small beginnings a hundred years ago,
stainless steel has grown to be an integral part
of our lives. Utilised primarily for its comosion
resistance, stainless steel is also found in
applications where sirength, innovation and
aesthetics are important.

$1EZB RTVLABIRDIEERS

.

VIEW WEBSITE

ONLINE INFORMATION DES{GN MANUAL FOR ed STRUCTURAL STAINLESS
CENTRE FOR STAINLESS STRUCTURAL STAINLESS ¢ ' @ STEEL CASE STUDIES
STEEL IN CONSTRUCTION i

st Y CE =
VIEW WEBSITE VIEW PUBLICATION
_ i =



Presenter
Presentation Notes
This is the SCI’s portal leading to various stainless steel resources related to construction applications.

http://www.steel-stainless.org/
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ONLINE INFORMATION CENTRE FOR
STAINLESS STEEL IN CONSTRUCTION

SHECIHCAHON Copes & FasricATION & CAsE Mrirana

STANDARDS INSTALLATION STUDIES

Stainless steel at your fingertips. ..

This website will lead you to essential technical information about
the use of stainless steel in construction.

Featured Resource:
Thames Gateway Water Treatment

Enter search guery “
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Structural Stainless Steel Case Study 01

Stonecutters Bridge Towers

Stonecutters Bridge, Hong Kong, 15 a cable stayed structure with 2 total length of 1598 m and
a main span of 1018 m. The bridge crosses the Rambler Channel and ts the main entrance to
the busy Kwal Chung Container Port. It is visible from many parts of Hong Kong Island and
Kowloon. The mest striking features of the bridge are the twin tapered mono towers at each
end supporting the 50 m wide deck. These tapered towers rise to 295 m above sea level; the
lower sections are reinforced concrete while the upper 115 m are composite sections with an
outer stainless steel skin and a reinforced concrete core.

Material Selection

Flgure 1- Generalview of Slorecuners Snoge

The design iHe of e bridge k5 130 years. A fighy curable materal uas
requirscl for the upper sections of the bridge fowers becysss of the harsh
marke ane poluies ewvimament. Addbaraly, postconsiucian mantenarce
on he towers Wil be extremely dMCull Cus 1o the Ive trafc beneath. Stainiess
szel was chosen for #he skin of the composite section of the uoper fower
becauze of Is duranity and alsa Bs afractive appearance. Carcon steel woukd
hase requirss prolzcive coatings that woud nave needed repacing afier an
estimated 2530 prars.

Flgere 2: Moo fower and stay caties

Siandand molybdenum-aloyed austenbic sies! graces were Inilially considered A, polished 19 finish (s defned in EN 10088 Fart 2
but discounted because of Iheir reiatiely Iow design stengih (220 Nem")and [ was specied for il eiposed sufaces, with an
uncEranty regancing comoskn periTance geen Ing mURtTESI of IS aeeage surface poughness B, of 05 pm. A sightty
desked sufoce finih. Mgher aloyed ousionics Wi bofier COMOSON  pgees e i cional, low refieclive sppeamnce
resistance £.0. 14539 (ND2904) and 1.4£33 726), were not consicered In e By shet [
detall a3 fhey would not have met the requirements for cost, avallablity and e um cxce and glass beass.
sTength. Dupiex siel 1.4462 (SXI206) was chozen as it kas nigh sterglh

(460N} Whh good corrosion resistance and mirance on surtace Anish

Structural Stainkess Steel Case Study 01 Page 1
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=&t HAK Eurocode

euro/1nox

Design Manual for Structural
Stainless Steel — Third Edition

Building Series, Vol. 11

www.steel—

stainless.org/designmanual
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Online design software:

(24 KETVTR)
www.steel—

stainless.org/software
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EN 1993-1-1. Eurocode 3: Design of steel structures — Part1-1: General rules and rules for buildings. 2005

EN 1993-1-4. Eurocode 3: Design of steel structures — Part1-4: Supplementary rules for stainless steel. 2006
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EN 1993-1-4. Eurocode 3: Design of steel structures — Part1-4: Supplementary rules for stainless steel.
Modifications 2015

M. Fortan. Lateral-torsional buckling of duplex stainless steel beams - Experiments and design model. PhD thesis.
2014-...

AlSI Standard. North American specification Appendix 1: Design of Cold-Formed Steel Structural Members Using
the Direct Strength Method. 2007

B.W. Schafer. Review: The Direct Strength Method of cold-formed steel member design. Journal of Constructional
Steel Research 64 (2008) 766-778

S.Afshan, L. Gardner. The continuous strength method for structural stainless steel design. Thin-Walled Structures
68 (2013) 42-49
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Barbara Rossi — barbara.rossi@kuleuven.be
Maarten Fortan — maarten.fortan@kuleuven.be
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Thank you for listening. 
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