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https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/Facades EN. pdf

https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/Innovative facades EN. pdf

http://www. archiexpo. com/architecture—design—manufacturer/stainless—steel-
facade—cladding—2964. html AT IX A E T2 R

http://www. steelcolor. com. au/westfield—doncaster/

http://wikimapia. org/7695594/Cleveland—Clinic—-Lou—Ruvo—Center—for-Brain—
Heal th#/photo/3116187

http://cambridgearchitectural. com/

https://newyorkbygehry. com/
http://archinect. com/firms/project/39353/edf-archives—center/9174600
http://ereatbuildings. com/buildings/Weisman Art Museum. html

http://www. arcspace. com/features/moshe—safdie—/kauffman—center—for—the—
performing—arts/

http://pattersons. com/civic/len—lye—contemporary—art—museum/
http://www. stainlessindia. org/UploadPdf/SI Mar08. pdf
http://www. archilovers. com/projects/30432/centrale—termica—teleriscaldamento—

iride—energia. html

http://www. skyscrapercenter. com/building/capital—-gate—tower/3172



http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/Facades_EN.pdf
http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/Innovative_facades_EN.pdf
http://www.archiexpo.com/architecture-design-manufacturer/stainless-steel-facade-cladding-2964.html
http://www.steelcolor.com.au/westfield-doncaster/
http://wikimapia.org/7695594/Cleveland-Clinic-Lou-Ruvo-Center-for-Brain-Health#/photo/3116187
http://cambridgearchitectural.com/
https://newyorkbygehry.com/
http://archinect.com/firms/project/39353/edf-archives-center/9174600
http://greatbuildings.com/buildings/Weisman_Art_Museum.html
http://www.arcspace.com/features/moshe-safdie-/kauffman-center-for-the-performing-arts/
http://pattersons.com/civic/len-lye-contemporary-art-museum/
http://www.stainlessindia.org/UploadPdf/SI_Mar08.pdf
http://www.archilovers.com/projects/30432/centrale-termica-teleriscaldamento-iride-energia.html
http://www.skyscrapercenter.com/building/capital-gate-tower/3172
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http://www. dailymail. co. uk/travel/article—1284591/Abu—Dhabi—

Capital—-Gate—skyscraper—leans—times—Tower—Pisa. html

http://www. e—architect. co. uk/dubai/capital—gate—abu—dhabi

http://hda—paris. com/

https://www. parisinfo. com/musee—monument—paris/71198/La-Geode
http://issuu. com/hda paris/docs/hda 2011 references web issu

http://bosa. tistory. com/entry/Cepezed—and—Ned—Kahn—-Studios—
Vertical-Canal-fa%C3%A7ade—Utrecht—Netherlands

http://www. reseaux—artistes. fr/dossiers/beatrice—
dacher/architecture—sul 1y—2006-2010

http://www. marneetgondoire. fr/les—albums—photos/album—photos—
490/1e—chateau—de—rentilly-renaissance—en—2013—
230. html ?cHash=d2d475c49fe75ee015495etb35c04460

http://www. marneetgondoire. fr/le—parc/les—espaces—1705. html

http://www. dezeen. com/2007/08/20/boiler—suit—by—thomas—
heatherwick

http://www. gkdmediamesh. com/blog/the role of metallic mesh in tra
nsforming stadium architecture. html



http://www.dailymail.co.uk/travel/article-1284591/Abu-Dhabi-Capital-Gate-skyscraper-leans-times-Tower-Pisa.html
http://www.e-architect.co.uk/dubai/capital-gate-abu-dhabi
http://hda-paris.com/
https://www.parisinfo.com/musee-monument-paris/71198/La-Geode
http://issuu.com/hda_paris/docs/hda_2011_references_web_issu
http://5osa.tistory.com/entry/Cepezed-and-Ned-Kahn-Studios-Vertical-Canal-fa%C3%A7ade-Utrecht-Netherlands
http://www.reseaux-artistes.fr/dossiers/beatrice-dacher/architecture-sully-2006-2010
http://www.marneetgondoire.fr/les-albums-photos/album-photos-490/le-chateau-de-rentilly-renaissance-en-2013-230.html?cHash=d2d475c49fe75ee015495efb35c04460
http://www.marneetgondoire.fr/le-parc/les-espaces-1705.html
http://www.dezeen.com/2007/08/20/boiler-suit-by-thomas-heatherwick
http://www.gkdmediamesh.com/blog/the_role_of_metallic_mesh_in_transforming_stadium_architecture.html
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Green facade

A few years later. Improved aesthetics.
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https://www. worldstainless. org/Files/issf/non—
image—files/PDF/Euro Inox/VertGardens EN. pdf

http://www. ronstantensilearch. com/melbourne—city—
council—chambers—northern—green—facade/

http://www. jakob. co. uk/information/image—
galleries/ereenwall-systems—callery/large—scale—
oreenwal l-systems. html

http://drum. 1ib. umd. edu/bitstream/1903/11291/1/Pr
ice umd OI17N 11876. pdf

http://www. architectureartdesigens. com/30—
incredible—green—walls/



http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/VertGardens_EN.pdf
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http://www.jakob.co.uk/information/image-galleries/greenwall-systems-gallery/large-scale-greenwall-systems.html
http://drum.lib.umd.edu/bitstream/1903/11291/1/Price_umd_0117N_11876.pdf
http://www.architectureartdesigns.com/30-incredible-green-walls/
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http://www. worldstainless. org/Files/issf/non—-image—
files/PDF/Euro Inox/Roofing EN. pdf

http://www. worldstainless. org/Files/issf/non-image—
files/PDF/Euro Inox/RoofingTech EN. pdf
http://ssina. com/download a file/roofing. pdf
https://voutu. be/ZQ1edV2QFRY

http://www. bssa. org. uk/cms/File/The%20Growing%20Market%20for%20Stainless%20Steel%20R
oofing. pdf

0. Wallinder and C. Leygraf ASTM Special Technical Publication N° 1421, « Outdoor
Atmospheric Corrosion » pp 185-199

N—

http://www. worldstainless. org/Files/issf/non—-image—
files/PDF/Delhi Parliament Library. pdf

http://www. architectureweek. com/2003/1022/design 1-3. html

http://www. fosterandpartners. com/projects/uae—pavilion—shanghai—expo—2010/

http://www. hok. com/design/service/engineering/hamad—international—airport/

https://www. rigidized. com/exteriorscmt. php

a) http://www. stainlessindia. org/UploadPdf/Dec%202011%20wshop%20Part—1. pdf b)
http://www. wbdg. org/resources/cool-metal-roofing

http://www. constructalia. com/repository/transfer/en/01921518ENLACE PDF. pdf
http://www. rigidized. com/saveenergy. php
http://www. stainlessindia. org/UploadPdf/Dec%202011%20wshop%20Part—1. pdf

www. cambridgearchitectural. com/
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http://www.bssa.org.uk/cms/File/The%20Growing%20Market%20for%20Stainless%20Steel%20Roofing.pdf
http://www.worldstainless.org/Files/issf/non-image-files/PDF/Delhi_Parliament_Library.pdf
http://www.architectureweek.com/2003/1022/design_1-3.html
http://www.fosterandpartners.com/projects/uae-pavilion-shanghai-expo-2010/
http://www.hok.com/design/service/engineering/hamad-international-airport/
https://www.rigidized.com/exteriorscmt.php
http://www.stainlessindia.org/UploadPdf/Dec%202011%20wshop%20Part-I.pdf
http://www.wbdg.org/resources/cool-metal-roofing
http://www.constructalia.com/repository/transfer/en/01921518ENLACE_PDF.pdf
http://www.rigidized.com/saveenergy.php
http://www.stainlessindia.org/UploadPdf/Dec%202011%20wshop%20Part-I.pdf
http://www.cambridgearchitectural.com/
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http://www. seoic. com/cable railing. htm

http://cambridgearchitectural. com/projects/louisiana—
state—university—lsu—student—union—theater

http://www. twentinox. com/projects/item/36/Transparent
+stainlesststeel+tcurtaintpanels

http://www. uginox. com/fr/node/180
http://www. cedinox. es

http://www. archilovers. com/projects/58425/mosteiro—
da—batalha. html

http://www. theinoxincolor. com/portfolio category/deco
rative—mesh—projects/

http://www. coop—
himmelblau. at/architecture/projects/museum—of—
contemporaryv—art—planning—exhibition



http://www.seoic.com/cable_railing.htm
http://cambridgearchitectural.com/projects/louisiana-state-university-lsu-student-union-theater
http://www.twentinox.com/projects/item/36/Transparent+stainless+steel+curtain+panels
http://www.uginox.com/fr/node/180
http://www.cedinox.es/
http://www.archilovers.com/projects/58425/mosteiro-da-batalha.html
http://www.theinoxincolor.com/portfolio_category/decorative-mesh-projects/
http://www.coop-himmelblau.at/architecture/projects/museum-of-contemporary-art-planning-exhibition
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https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/PressFittingSystems EN. pdf

http://www. nickelinstitute. org/ /media/Files/Technicalliter
ature/StainlessSteelPlumbing—color—EN 11019 . ashx

https://nickelinstitute. org/library/?opt perpage=20&opt lay
out=grid&searchTerm=pipesh20for%20buildings&page=1

http://www. bssa. org. uk/cms/File/BSSA%20PLUMBING%20P. 1-4. pdf
https://www. erohe. de/de de/badezimmer. html



http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/PressFittingSystems_EN.pdf
http://www.nickelinstitute.org/%7E/media/Files/TechnicalLiterature/StainlessSteelPlumbing-color-EN_11019_.ashx
https://nickelinstitute.org/library/?opt_perpage=20&opt_layout=grid&searchTerm=pipes%20for%20buildings&page=1
http://www.bssa.org.uk/cms/File/BSSA%20PLUMBING%20P.1-4.pdf
https://www.grohe.de/de_de/badezimmer.html
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https://www. forms—surfaces. com/elevator—ceilings

2. http://commons. wikimedia. org/wiki/File:Metro brux
elles laufband. jpg

3. http://cambrideearchitectural. com/projects/ft—
lauderdale—hol lywood—international—airport—
rental—car—center

4. http://www. cabworks. com/
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https://www. worldstainless. org/applications/archi
tecture—building—and—construction—

applications/street—furniture/

http://norcor. free. fr/piazza superbe inox. jpg

http://listraveltips. com/wellington—street—art—
stainless—steel-braille—sculpture/
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http://listraveltips.com/wellington-street-art-stainless-steel-braille-sculpture/
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1. https://www. worldstainless. org/Files/issf/non—
image—files/PDF/Euro Inox/New meets 0ld EN. pdf



http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/New_meets_Old_EN.pdf
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across—europe—are—in—a—dangerous—state—warn—experts
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safe
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https://www. researchgate. net/publication/233611421 Stonecutters Bridge —
Detailed Design/link/59ce24d3aca272b0ecla4b34/download
MRS ERY):  CEMFMNFFEEY (2010)

https://www. worldstainless. org/files/issf/non-image—
files/PDF/Structural/Stonecutters bridge towers Chinese version. pdf

G. Gedge: CUUFHANGE mMr gL By FH %) (200741 H ) DOI:
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https://www. researchgate. net/publication/233632633 Use of Duplex Stainless
Steel Plate for Durable Bridge Construction
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IMOATI%) “novative bridge at Ft Worth, Texas” Moly—Review 1/2018
https://www. imoa. info/molybdenum—media—centre/downloads/

Steel Construction Institute publication: “Cala Galdana Bridge” (2010)
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New « 200 series steels »: An opportunity or a threat to the image of stainless
steel? http://worldstainless. org/publications/brochures and posters

The ferritic solution https://www. worldstainless. org/Files/issf/non—image—
files/PDF/ISSF The Ferritic Solution Chinese. pdf

Martensitic stainless steels http://www. worldstainless. org/Files/issf/non—image—
files/PDF/ISSF Martensitic Stainless Steels. pdf

Duplex stainless steels: https://www. imoa. info/molybdenum—uses/molybdenum—grade—
stainless—steels/architecture/structural—-duplex—stainless. php?d=1

https://www. nickelinstitute. org/ /Media/Files/Technicalliterature/CapabilitiesandLim
itationsofArchitecturalMetal sandMetalsforCorrosionResistancel 14057a .pdf

https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/Tables TechnicalProperties EN. pdf

http://www. imoa. info/download files/stainless—steel/2014-8-Specification—and—
Guideline—1list. pdf

http://www. bssa. org. uk/topics. php?article=370&featured=1

https://www. worldstainless. org/about—stainless/what—is—stainless—steel/standards/



http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=D.+Peckner&search-alias=books&text=D.+Peckner&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=D.+Peckner&search-alias=books&text=D.+Peckner&sort=relevancerank
http://www.imoa.info/download_files/stainless-steel/Austenitics.pdf
http://worldstainless.org/publications/brochures_and_posters
http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_The_Ferritic_Solution_Chinese.pdf
http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_Martensitic_Stainless_Steels.pdf
https://www.imoa.info/molybdenum-uses/molybdenum-grade-stainless-steels/architecture/structural-duplex-stainless.php?d=1
https://www.nickelinstitute.org/%7E/Media/Files/TechnicalLiterature/CapabilitiesandLimitationsofArchitecturalMetalsandMetalsforCorrosionResistanceI_14057a_.pdf
https://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/Tables_TechnicalProperties_EN.pdf
http://www.imoa.info/download_files/stainless-steel/2014-8-Specification-and-Guideline-list.pdf
http://www.bssa.org.uk/topics.php?article=370&featured=1
https://extranet.worldstainless.org/about-stainless/what-is-stainless-steel/standards/

14.

15.

16.

17.

18.

19.

225 ik (2/2)

Chemical composition of stainless steel flat products for general purposes to EN
10088-2: http://www. bssa. org. uk/topics. php?article=44

Chemical composition of stainless steel long products for general purposes to EN
10088-3: http://www. bssa. org. uk/topics. php?article=46

EN 10088-4:2009 Stainless steels. Technical delivery conditions for sheet/plate and
strip of corrosion resisting steels for construction purposes

www. worldstainless. org/Files/issf/non-image—files/PDF/Euro Inox/EN10088-4 EN. pdf
Stainless steel flat products for building - the grades in EN 10088-4 explained:
http://www. worldstainless. org/news/show/1881

EN 10088-5: 2009 Stainless steels. Technical delivery conditions for bars, rods,
wire, sections and bright products of corrosion resisting steels for construction
purposes.

ISSF publication « Stainless steel in Figures »:
https://www. worldstainless. org/Files/issf/non—-image—
files/PDF/ISSF Stainless Steel in Figures 2019 Chinese public version. pdf



http://www.bssa.org.uk/topics.php?article=44
http://www.bssa.org.uk/topics.php?article=46
http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/EN10088-4_EN.pdf
http://www.euro-inox.org/pdf/build/EN10088-4_EN.pdf
http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_Stainless_Steel_in_Figures_2019_Chinese_public_version.pdf
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https://www.worldstainless.org/Files/issf/Education/Chinese/Module_02_Stainless_Steel_Application.pdf
http://www.worldstainless.org/Files/issf/Education/Chinese/Module_01_Stainless_Steel_in_Art_cn_2018.zip
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IBIF R MIRAR. S FFTE (CREEMD ; $8E (WMEEM) , #1113 (EREM , Fi2x
FEMIFE) FEE15% CRFENEIN IEITEY)  BRMRPISEIE: http://corrosion. kaist. ac. kr

http://www. worldstainless. org/Files/issf/Education references/Zrefs on corrosion. zip
NACERS 5B i e AR 4018 http://corrosion—doctors. org/Corrosion—History/Course. htm#Scope

JE AR LR IR En http://www. corrosionclinic. com/corrosion online lectures/ME303L10. HTM#top

AL 2R R http://mee—inc. com/esca. html
MEEEA T (Ugitech) : FANGETH
BSSA (GEEAEEMN ) Wk CanfritEyiai2s (PREN) ) http://www. bssa. org. uk/topics
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.php?article=111
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https://kb. osu. edu/dspace/bitstream/handle/1811/45442/FrankelG JournalElectrochemicalSo
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186-2198. pdf?sequence=1
http://www. imoa. info/download files/stainless—steel/Duplex Stainless Steel 3rd Edition.

pdf

http://www. imoa. info/molybdenum—uses/molybdenum—grade—stainless—steels/steel—grades. php

http://www. imoa. info/download files/stainless—steel/IMOA Houska-—
Selecting Stainless Steel for Optimum Perormance. pdf

http://en. wikipedia. org/wiki/Galvanic corrosion

http://www. bssa. org. uk/topics. php?article=668
http://www. stainless—steel-world. net/pdf/SSW 0812 duplex. pdf
http://www. outokumpu. com/en/stainless—steel/grades/duplex/Pages/default. aspx

http://www. aperam. com/uploads/stainlesseurope/TechnicalPublications/Duplex Maastricht EN-22p—-7064Ko. pdf

http://www. bssa. org. uk/topics. php?article=606

a) HEHANBYHMEN 100882142240 A% : http://www. bssa. org. uk/topics. php?article=44 b) #HANHEHNKHFEN

10088-3 4.5 F %> : http://www. bssa. org. uk/topics. php?article=46
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http://www.imoa.info/download_files/stainless-steel/Duplex_Stainless_Steel_3rd_Edition.pdf
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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
OBJECTIVE: provide an overview of the possible applications


HE
E
E
§
g
o=
H
i~
B
1E
B
N
}é

MRARF AT K ZEuh CEEAI D
Wil #Ar: Wefirna
FEIWHEANL: THV Van Laere-
Braekel Aero




EERER
BT AL
AR.TE
e &K
Tractebel
Development

HE
E
E
A
g
o=
L
)
H_
1E
=S
R
}é




HE
g
E
A
g
o=
L
)
H_
1=
=S
1R
}é

AR HE]
Wit HA7: Johan Otto
von Spreckelsen

@A : 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
OBJECTIVE: discuss the material characteritics and the differences with CS
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Presenter
Presentation Notes
Strain hardening：应变硬化
Inelastic reponse：非弹性反应
Carbon steel has a sharply defined yield point with a plastic yield plateau: 碳钢有清晰界定的曲阜点，以及屈服台阶。
Stainless steel exhibits gradually yielding behavior, with high strain-hardening.: 不锈钢的屈服行为是渐进的，应变硬化较高。
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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
Material properties vary around cold-formed stainless steel sections due to the effects of cold-work. This is also seen for carbon steel – it’s much more significant for stainless steel….

By slicing specimens into a series of strips and then measuring the stress-strain characteristics, its possible to build up a profile of strength around the section, and with sufficient data, predictive tools can be developed – this process is underway at the moment. 
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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
This graph shows the full stress-strain curves to fracture and enables us to compare the ductility and toughness of stainless steel and carbon steel. It can be seen that austenitic stainless steel is considerably more ductile than carbon steel. And austenitic stainless steel also shows greater toughness (compare the area under the stress-strain curves).
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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.
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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
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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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Temperature (oC)

Specific heat (J/kgK)

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
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.


KRIMFRYES . 21454 (EN

EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN

1993-1-1 8 H#ME & 2T E .
1993-1-2 45815 K it

1993-1-3 » 55 sl M4 S AR 78R E
1993-1-4 ANEFHHKN 78 HLIE

1993-1-5 HEH% 45 0 544

1993-1-6 FEHLFI ) 98 B AR E P

1993-1-7 18 [m) a7 %K 1) B A 45 R A A 1P 5 P R AR

1993-1-8 ¥ AWt

1993-1-9 A7 555
1993-1-10 #+RHRI4E I 2 B R & 14
1993-1-11 ZF M.
1993-1-12 =9 BEAN I Ah 72 #E Y

1993-1)

HE
E
ﬁ
A
=
o=
H
=
B
1E
=S
N
}é



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
The main part of the Eurocode that deals with Stainless steel is EN 1993-1-4. This part of Eurocode 3 provides supplementary rules for stainless steel where the behavior is different. The rules are generally presented in a similar way to those presented for carbon steel, in order to aid engineers who may have more experience with carbon steel. 
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Presenter
Presentation Notes
This slide summarises the difference between designing in stainless steel and carbon steel.
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Presenter
Presentation Notes
It is the only design standard in the world for stainless steel which covers such a comprehensive range of product forms and topics.
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Presenter
Presentation Notes
There are other design standards for structural stainless steel, generally for cold formed material. 


R AYE3 : N A F Tt
1. 48R ARG

HE
E
ﬁ
A
g
o=
L
i
H_
1=
=S
R
}é

ZEN 1993-1-4% 4%
B A5 4N AL 2
ft 4, CE5BARM N

M £ E X B 247

N HE P GURAE, AA4HF FO4T A%



Presenter
Presentation Notes
The following slides will show the stainless steel design rules in EN 1993-1-4.
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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
The buckling curves for stainless steel take the same mathematical form as those for carbon steel but the imperfection factor (alpha) and limiting slenderness (lambda bar zero) are different.
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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)


.I.,l-u
=
o
=)
.

KIS Jo

= 3 [AEO g A B RO AR

=
E
ﬁ
i
g
nz
5
S
H_
IE
=3
ﬁg
}%

!
R4 PR AR AN 54 e //
ups S235 EN 1.4301 é; g’f
F, N/ ] 235 230 g &£/
2 E N
E [N/mm? ] 210000 200000 S ;;
~ 100 - Q O ||
| @ = ||
I
— o\
r !




FRPNFEYES T H 7= 151

EC 3-1-1: S235

. 5%

-2y
£ = 7 =
— Fr WERER L

Class 1
M= 128

EC 3-1-4: B[4k

. 5k

8=J235 E ~0.99

fy 210000

— Frta W ERER AT

Class 1
Bl = 128

HE
E
E
§
g
o=
H
i~
B
1E
B
R
}é




FRPNFEYES T H 7= 151

EC 3-1-1: S235 EC 3-1-4: BHEKAK

HE
E
E
§
g
oz
L
=
B
1E
=
2
}%

A 2] 1495 1495
£, NVme] 235 230
! 11
351 313

cr 2100 2100
M 03, 9 02, 6
i 0, 575 0, 583
ol 0, 49 0, 49
I 0,2 0.4
o 0, 76 0,71
an 0, 80 0, 89
vl I L1
Ny [KN] 281 277



FRPNFEYES T H 7= 151

HE
E
E
o
g
og
L
=
H_
1E
&
P
}%

£, [N/mm*] 235 230
Ymo [-] 1,0 1,1
Yui [ 1,0 1,1
REWTTIE N, pq [kN] 351 313
FREME Ny pg [kN] 281 277

— R, s MssHEH MBI JE DT
= MNMAFEASERANHE
EC3 1-4 A 1E U R N AR 4L

——f




=

H L FUE BL ] A & -

-

AN e A 7 S g5 e

— S

— CHS, SHS, [REJEBLTHF

— e F R E
~ < 0.4
7“’LT



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
The non-linear stress-strain curve implies that the stiffness of stainless steel components varies with the stress level, the stiffness decreasing as the stress increases.  Consequently, deflections are greater than those for carbon steels.

A conservative method for estimating deflections is to use standard structural theory, but with the secant modulus corresponding to the highest level of stress in the member instead of Young’s Modulus.
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Presenter
Presentation Notes
This slide illustrates the difference between the secant modulus and the tangent modulus. Clearly, at the origin of the stress-strain curve, the tangent modulus is equal to Young’s modulus.
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Presenter
Presentation Notes
The secant modulus can be calculated using the Ramberg-Osgood model. This material model is the conventional model for describing the non-linear relationship of materials between stress and strain near their yield point.

The factor n describes how non-linear the material is. The more non-linear the stress-strain curve, the lower the value of n. Austenitics are characterised by an n value of about 5.6 and duplexes by an n value of 7.2. (A carbon steel bi-linear ‘elastic-perfectly plastic’ stress-strain curve would have an n value of infinity.)
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Presenter
Presentation Notes
This table shows how the deflection increases as the stress ratio (i.e. stress level) increases.  At low stress ratios, the secant modulus equals Young’s modulus, 200 000 Mpa. As the stress ratio increases beyond 0.5, the secant modulus starts to reduce and has dropped down to 158 000 MPa  at a stress ratio of 0.7.

The reduction in modulus for duplex stainless steels is very slight.
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Presenter
Presentation Notes
Since it is not economical to design structures to respond to earthquake loads in their elastic range, dissipation of energy by post-elastic deformation has become common practice. The energy that a structural system can dissipate in an earthquake event is a function of its inelastic deformations. This requires an understanding of the hysteretic behaviour of structural members.
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Presenter
Presentation Notes
Bolted connections are designed in much the same way for either carbon steel or stainless steel. Special rules for bearing are required due to the high ductility of austenitic stainless steel. 

Greater clarity is needed in defining bearing capacity with stainless steels: whereas the load deformation curve for carbon steel connections flattens off after the initiation and spreading of yielding, for stainless steel connections this curve continues to rise significantly owing to strain hardening. 

The Eurocode defines the bearing capacity in terms of a reduced ultimate strength, fu,red , as opposed to the full ultimate strength used for carbon steel.
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Presenter
Presentation Notes
Stainless steel bolts may be used as pretensioned bolts provided appropriate tensioning techniques are used. If stainless steel bolts are highly torqued, galling can be a problem. When pretension is applied, consideration should be given to time-dependent stress relaxation. Connections should not be designed as slip resistant at either the serviceability or ultimate limit state unless acceptability in the particular application can be demonstrated by testing. Slip coefficients for stainless steel faying surfaces are likely to be lower than those for carbon steel faying surfaces.
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Presenter
Presentation Notes
Stainless steel may be welded in much the same way as carbon steel.

It is essential that welds are made using correct procedures, including compatible filler metals, with suitably qualified welders. This is important not only to ensure the strength of the weld and to achieve a defined weld profile but also to maintain the corrosion resistance of the weld and surrounding material. It should be noted that greater welding distortions are associated with the austenitic stainless steels than with carbon steels 

A common question is whether stainless steel can be welded to carbon steel. This is possible, providing the correct welding consumable is chosen. 
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Presenter
Presentation Notes
There are a number of resources which give further guidance about designing stainless steel.
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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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Presenter
Presentation Notes
The Stainless in Construction Information Centre is a ‘one stop shop’ for information on designing with stainless steel.
The website includes links to stainless steel resources in a variety of languages. Links to many of the resources discussed in this presentation can be found by clicking the ‘Codes and Standards’ tab. The website includes a variety of other guidance, including case studies.
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Presenter
Presentation Notes
12 case studies are available which illustrate a range of applications of structural stainless steel in bridges, buildings, offshore etc. The case studies describe the reason for using stainless steel, design basis, specification, and fabrication and installation issues.

http://www.worldstainless.org/news/show/446
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Presenter
Presentation Notes
‘The Design Manual for Structural Stainless Steel’, now in its third edition, is a handbook to the design of structural stainless steel in accordance with EN 1993-1-4. The guide includes both general guidance and an extensive set of worked examples. A commentary has also been written that describes the research on which the guidance is based.
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Presenter
Presentation Notes
To summarise, stainless steel can provide a cost effective and aesthetically pleasing solution if its unique properties are considered properly. Design of stainless steel is not very different to the design of carbon steel, although some limits and buckling curves will have changed. There are large number of resources that can help you specify and design in stainless steel. 
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Presentation Notes
Thank you for listening. 
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EN 1993-1-1. Eurocode 3: Design of steel structures - Partl-1: General rules and
rules for buildings. 2005

EN 1993-1-4. Eurocode 3: Design of steel structures - Partl-4: Supplementary rules
for stainless steel. 2006

EN 1993-1-4. Eurocode 3: Design of steel structures - Partl-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—---

AIST 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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https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/Finishes02 EN. pdf

http://www. ssina. com/download a file/special finishes. pdf

http://www. bssa. org. uk/topics. php?article=47

www. uginox. com/sites/default/files/public/Triptyque%20Lusignan web. pdf
http://www. poligrat. de/home/

https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/Electropolishing EN. pdf

http://www. legrand—sgm. fr/

https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/3D Finishes EN. pdf

https://cambridgearchitectural. com/projects/ft—lauderdale—hollywood—
international—-airport-rental-car—center

https://www. exyd. com/waterfront—building. html

http://cambridgearchitectural. com
https://gkd. de/architekturgewebe/

http://www. diedrahtweber—architektur. com/de/anwendungen—

architekturgewebe/medienfassade/

https://www. worldstainless. org/Files/issf/non—image—

files/PDF/Euro Inox/RoughnessMeasurement EN. pdf
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https://gkd.de/architekturgewebe/
http://www.diedrahtweber-architektur.com/de/anwendungen-architekturgewebe/medienfassade/
https://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/RoughnessMeasurement_EN.pdf
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http://www. worldstainless. org/Files/issf/animations/WeldedFabrication/star

t 1. html

http://www. wikihow. com/Weld-Stainless—Steel

http://www. nickelinstitute. org/ /Media/Files/TechnicalLliterature/Weldingof
StainlesssSteelandotherJoiningMethods 9002 . pdf

http://www. edelstahl-rostfrei. de/page. asp?pagelD=1590
https://www. sciencedirect. com/book/9781855734289/metal lurgy—of-welding

https://www. worldstainless. org/Files/issf/non—image—
files/PDF/Euro Inox/Adhesive bonding EN. pdf

http://shura. shu. ac. uk/3115/

https://www. worldstainless. org/Files/issf/non—image—
files/PDF/ISSF Stainless Steel for Designers. pdf

http://www. delo. de/fileadmin/upload/dokumente/en/broschueren/Structural Bo
nding. pdf

https://www. ellsworth. com/globalassets/literature—
library/manufacturer/ellsworth—adhesives/ellsworth—adhesives—white—paper—
structural-bonding. pdf

http://www. sciencedirect. com/science/book/9781845694357
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http://www.nickelinstitute.org/%7E/Media/Files/TechnicalLiterature/WeldingofStainlesssSteelandotherJoiningMethods_9002_.pdf
http://www.edelstahl-rostfrei.de/page.asp?pageID=1590
https://www.sciencedirect.com/book/9781855734289/metallurgy-of-welding
https://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/Adhesive_bonding_EN.pdf
http://shura.shu.ac.uk/3115/
http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_Stainless_Steel_for_Designers.pdf
http://www.delo.de/fileadmin/upload/dokumente/en/broschueren/Structural_Bonding.pdf
https://www.ellsworth.com/globalassets/literature-library/manufacturer/ellsworth-adhesives/ellsworth-adhesives-white-paper-structural-bonding.pdf
http://www.sciencedirect.com/science/book/9781845694357
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. http://www. issftraining. org/

. http://www. imoa. info/download files/stainl
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. http://www. imoa. info/download files/stainl
ess—

steel/Duplex Stainless Steel 3rd Edition.p
df

. https://www. worldstainless. org/Files/issf/
non—image—

files/PDF/ISSF The Ferritic Solution Chine
se. pdf
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https://www. worldsteel. org/en/dam/ jer:abcd469¢c—89ch—4d57-9ad8—
13a0d86d65f0/Sustainability+indicatortdefinitionstand+relevance. pdf

http://ghginstitute. org/2010/06/28/what—-is—a—global-warming—potential/
http://eplca. jrc. ec. europa. eu/uploads/ILCD-Handbook—-General-guide—for-LCA-DETAILED-
GUIDANCE-12March2010-ISBN-fin—v1. O—EN. pdf

https://www. gsa. gov/portal/content/101197

Recycled content is defined in accordance with the ISO Standard 14021 —Environmental
labels and declarations — Self declared environmental claims (Type II environmental
labeling).

http://www. greenspec. co. uk/building—design/recycled—content/
http://www. fao. org/docrep/u2246e/u2246e02. htm

B. Rossi. Stainless steel in structures: Fourth International Structural Stainless
Steel Experts Seminar. Ascot, UK. 6-7 December 2012.

Source: Yale University/ISSF Stainless Steel Project, 2013

B. Rossi. ArcelorMittal International Scientific Network in Steel Construction
Sustainability Workshop and Third Plenary Meeting, Bruxelles, 2010.

B. Rossi. Stainless steel in structures: Fourth International Structural Stainless
Steel Experts Seminar. Ascot, UK. 6-7 December 2012.

T.E. Norgate, S. Jahanshahi, W.]J. Rankin. Assessing the environmental impact of
metal production processes. Journal of Cleaner Production 15 (2007), 838-848.

http://www. worldstainless. org/Files/issf/Animations/Recycling/flash. html



https://www.worldsteel.org/en/dam/jcr:a5cd469c-89cb-4d57-9ad8-13a0d86d65f0/Sustainability+indicator+definitions+and+relevance.pdf
http://ghginstitute.org/2010/06/28/what-is-a-global-warming-potential/
http://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-General-guide-for-LCA-DETAILED-GUIDANCE-12March2010-ISBN-fin-v1.0-EN.pdf
https://www.gsa.gov/portal/content/101197
http://www.greenspec.co.uk/building-design/recycled-content/
http://www.fao.org/docrep/u2246e/u2246e02.htm
http://www.worldstainless.org/Files/issf/Animations/Recycling/flash.html
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ISSF https://www. worldstainless. org/Files/issf/non-image—
files/PDF/ISSF Stainless Steel and CO2. pdf. Data from European and Japanese ISSF members

Based on 2013 data, including 60% scrap content (and therefore 40% new materials) and energy
contribution to GHG

Data provided by ISSF, estimates calculated by SCM. Includes 60% recycled content

ISSF  www. worldstainless. org. Data from European anf Japanese ISSF members

T.E. Norgate, S. Jahanshahi, W.J. Rankin. Assessing the environmental impact of metal production
processes. Journal of Cleaner Production 15 (2007), 838-848.

T.E. Norgate, S. Jahanshahi, W.J. Rankin. Assessing the environmental impact of metal production
processes. Journal of CleAner Production 15 (2007), 838-848.

B. Rossi. Stainless steel in structures: Fourth International Structural Stainless Steel Experts
Seminar. Ascot, UK. 6-7 December 2012.

C. Houska. Sustainable Stainless Steel Architectural.
http://www. worldstainless. org/Files/issf/Animations/Recycling/flash. html

https://www. drkarenslee. com/comparing—reusable-bottles—stainless—steel—-glass—plastic/
Yale University/ISSF Stainless Steel Project, 2013
The Greening of a Convention Centre. Nickel, Volume 23, Number 3, June 2008, 6-9.

https://www. nickelinstitute. org/Sustainability/LifeCycleManagement/LifeCycleAssessments/LCAProgres

oPier. aspx
International Stainless Steel Forum www.worldstainless. org

World Steel Association

A. Dusart, H. El-Deeb, N. Jaouhari, D. Ka, L.Ruf . Final Report ISSF Workshop. Université Paris 1
Panthéon—Sorbonne, 2011.



http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_Stainless_Steel_and_CO2.pdf
http://www.worldstainless.org/
http://www.worldstainless.org/Files/issf/Animations/Recycling/flash.html
https://www.drkarenslee.com/comparing-reusable-bottles-stainless-steel-glass-plastic/
https://www.nickelinstitute.org/Sustainability/LifeCycleManagement/LifeCycleAssessments/LCAProgresoPier.aspx
http://www.worldstainless.org/
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http://www. ssina. com/download a file/lifecycle. pdf

https://www. nickelinstitute. org/nickel-magazine/nickel-magazine-vol-31-nol-2016/

www. worldstainless. org/Files/issf/non—image—files/PDF/Euro Inox/RoofingTech EN. pdf

http://www. ametalsystems. com/RoofLifecycleCostComparison. aspx

http://www. metalroofing. com/v2/content/guide/costs/life—cycle—costs. cfm

https://www. toureiffel. paris/en

https://en. wikipedia. org/wiki/Eiffel Tower
http://corrosion—doctors. org/Landmarks/Eiffel. htm
http://en. wikipedia. org/wiki/Chrysler Building#

Nickel Development Institute. Timeless Stainless Architecture. Reference Book Series No 11 023,
2001

C. Houska. Sustainable Stainless Steel Architectural. Construction Canada, September 2008, 58-72.

Nickel Development Institute. Timeless Stainless Architecture. Reference Book Series No 11 023,
2001

G. Gedge. Structural uses of stainless steel — buildings and civil engineering. Journal of
Constructional Steel Research 64 (2008), 1194 - 1198.

http://www. metalsforbuildings. eu/

http://www. circle—economy. com/circular—economy/

http://www. irishenvironment. com/iepedia/circular—economy/



http://www.ssina.com/download_a_file/lifecycle.pdf
https://www.nickelinstitute.org/nickel-magazine/nickel-magazine-vol-31-no1-2016/
http://www.worldstainless.org/Files/issf/non-image-files/PDF/Euro_Inox/RoofingTech_EN.pdf
http://www.ametalsystems.com/RoofLifecycleCostComparison.aspx
http://www.metalroofing.com/v2/content/guide/costs/life-cycle-costs.cfm
https://www.toureiffel.paris/en
https://en.wikipedia.org/wiki/Eiffel_Tower
http://corrosion-doctors.org/Landmarks/Eiffel.htm
http://en.wikipedia.org/wiki/Chrysler_Building
http://www.metalsforbuildings.eu/
http://www.circle-economy.com/circular-economy/
http://www.irishenvironment.com/iepedia/circular-economy/
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https://dtsc. ca. gov/toxics—in—products/treated—wood—-waste/

https://woodrecyclers. org/about—waste—wood/wood—recycling—information/

http://en. wikipedia. org/wiki/Wood preservation

http://www. wasteminz. org. nz/wp—content/uploads/Scott—Rhodes. pdf

http://www. brighthub. com/environment/green—living/articles/106146. aspx
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