e

Title:

Authors:

Subject:

Keywords:

Publication Date:

Original Publication:

Paper Type:

- CTBUH
&= Research Paper

Stainless Steel Claddings for High-Rise Architecture

Jorn Teipel, Technical Customer Service, Outokumpu
Gert Weiss, Technical Customer Service, Outokumpu

Facade Design

Facade
Steel

2014
CTBUH 2014 Shanghai Conference Proceedings

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k w2

© Council on Tall Buildings and Urban Habitat / J6rn Teipel; Gert Weiss

ctbuh.org/papers


http://ctbuh.org/papers

Dr. Jorn Teipel

Stainless Steel Claddings for High-Rise Architecture

B EERAE WAL

Gert Weiss

Dr. Jorn Teipel & Gert Weiss

Outokumpu EMEA GmbH
Oberschlesienstr. 16
North Rhine-Westphalia
47807 Germany

tel (#,1%): +49.2151.83.3074

fax (15 3£): +49.2151.83.4615

email (¥ F #f 44): joern.teipel@outokumpu.com; gert.
weiss@outokumpu.com

www.outokumpu.com

Jorn Teipel studied Physics in Bonn, Germany and

at The Ohio State University in Columbus, USA and
obtained his Ph.D. degree in 2006 in the field of
nonlinear optics. In 2006 he began his professional
career at a technical consultancy in Frankfurt am
Main. In 2009 he joined ThyssenKrupp Steel where
he was responsible for the business development for
magnesium flat products. In 2011 he transferred to
ThyssenKrupp Nirosta in Krefeld — now Outokumpu
where he is in charge of the technical customer service
for all architectural applications.

Joern Teipel 5t 4 4 /& 72 12 5 3% B Fn 3 [ B A0 A T Y

BZBM LA F SRR F, T 2006 £ % 3F

KMRFZ W HEEFA, 2006 46, Mm%
FEAmE L m BN —XE ARG, FHET ET
FYIRL A VE . 2009 4, At n N\ R AR T B A A F
(ThyssenKrupp Steel), 17 5t 4% &4 A 7= & B9 Ak 4 FF
AT, 2011 &, MAREMT RE EFRENF &K
Yo EH R H7 3\ 8 (ThyssenKrupp Nirosta), B

EHREERY, f5ATAZSN AR RER
%Ik

Gert Weiss studied metallurgy in Duisburg, Germany.
Between 1988 and 2000 he worked as an engineer

in the production of ThyssenKrupp Nirosta. Already
during this time he was deeply involved in various
facade projects. In 2000 he transferred to the technical
customer service of ThyssenKrupp Nirosta that he is
heading since then. Many important facade projects
like One World Trade Center have been supported by
his department. After the merger with Outokumpu in
2013 he is now head of technical customer service of
the European factories in Finland and Germany.

Gert Weiss %t 4 & £ E AP HT BBk 2%, 1988
£ F 2000 4, MR AR E R T BTN W £
HITEETRTF, EHBE, BEEREANSELT
S E IR, 20004, WEREF AT EHERE S
ENFAWEAREF R, e —HBEERTH
$. HETERIAAS EES T EIRRHIH,
Heb mEH T PO, 20135, AF5RE
B¥A*, WEM—HERKMNI RFHFLAEE
HERAZE P RS HELRFR

762 | CTBUH 2014 Shanghai Conference

Abstract

Especially during the last 20 years stainless steel has become an approved and much valued
cladding material for sophisticated architecture. Starting with the first architectural application
of stainless steel (the Chrysler Building) this article provides an overview of the various fagcade
projects that have been accomplished in the past and gives insight in the current activities.
Furthermore the delivery range of surface finishes for facade applications is presented.
Newspaper articles''®? have recently reported on glare issues that were caused by new
buildings in London, Los Angeles, Las Vegas and Hong Kong. These incidents have led to
restrictions in Singapore which are being analyzed and questioned. The consequences that
these new regulations have on stainless steel as cladding material are discussed. The article
concludes with a look on current research activities at Outokumpu which aim to develop duller
surface finishes on patterned stainless steel for facade applications.

Keywords: Stainless Steel, Facade, Cladding, Curtain Wall, Surface, Reflectance
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Stainless Steel in Architecture

Shortly after its invention in the early 20th
century stainless steel was discovered by
architects as a cladding material. The up to
now very impressive example of the first
utilization of stainless steel for high-rise
architecture is the giant 56 meter high spire
of the 319-meter tall Chrysler Building in New
York City backin 1930. The German Friedrich
Krupp AG licensed its in 1911 invented grade
V2A austenitic stainless steel (a precursor of
today’s known Grade 304/1.4301) for the use
on the Chrysler Building. Still more than 80
years after the completion of this art deco
masterpiece the spire sparkles preciously in
the New York sky (see Figure 1). Maintenance
of the stainless steel spire was only necessary

'@ http://www.theguardian.com/artanddesign/
shortcuts/2013/sep/03/walkie-talkie-death-ray-
buildings-heat

> http://www.bloomberg.com/news/2013-09-05/
london-s-walkie-talkie-fryscraper-draws-crowds-in-heat.
html

2 www.info.gov.hk/gia/general/201301/23/
P201301230412.htm
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twice and none of the elements needed to be replaced yet. On the
basis of this building example one can impressively demonstrate the
three qualities that characterize stainless steel: durability, functionality
and beauty. If architects were asked why they are using stainless

steel in visual architectural applications, commonly the “honesty”

and “pureness” of the material is referred to. Other expressions used

for stainless steel that stronger relate to the visual appearance are
liveliness, sparkle and glittering. Due to the high persistence and
resistiveness of the material terms like long-lasting, durable and eternal
are often heard as well.

Nowadays especially for outstanding high-quality architecture (e.g.
skyscrapers, museums, headquarters or airports) stainless steel is
preferably used for claddings or roofs.

Moreover the current Green Building trend is advantageous for
stainless steel. In 2013 stainless steel products by Outokumpu had an
average recycling content of well over 85%. The 100% recyclability
together with the low maintenance and therefore the overall small
carbon footprint plays straight into the hands of this green material for
sustainable building applications.

Outokumpu has a long legacy in the architectural field and can look
back on more than 20 years of experience of providing stainless steel
sheets for facade applications for tall buildings. In 1991 Outokumpu
produced approx. 200 metric tons of Linen-patterned material in
highly corrosion resistant molybdenum containing Grade 316L for the
Plaza Tower in Costa Mesa, California (USA) (see Figure 2). The delivered
sheets had a thickness of 1.8 mm, a width of 1500 mm and diverse
lengths. The building was designed by Pelli Clarke Pelli Architects® who
are also known for another world famous skyscraper with an 83.500 m?
stainless steel cladding supplied by Outokumpu - the 450 meter tall
Petronas Twin Towers in Kuala Lumpur which were completed in 1999.
In the same period Outokumpu produced the bright annealed material
for the “Neuer Zollhof"in Dusseldorf, Germany* which was designed by
Frank O. Gehry (see Figure 3). After the completion of this key reference
project for stainless steel the numbers of orders for facade applications
increased significantly in the new century.

In 2010 another key reference building with a stainless steel
cladding by Outokumpu was completed — the Burj Khalifa in Dubai,
UAE. The publicity caused by this project together with the fact of
the overcoming of the world financial crisis boosted once again
significantly the number of fagade activities.

The bright accentuated edges on the One World Trade Center in New
York City, USA were another key reference project for Outokumpu (see
Figure 4). In total 175 metric tons of patterned material of Grade 316L
were produced between 2008 and 2009 for this building. The architects
of Skidmore, Owings & Merrill LLP (SOM)° requested a surface finish
with a random structure and brighter than the well-established “Linen”
pattern. The new pattern called “Laser” was specifically developed for
this application to comply with the architects requirements. “Laser”
consists of digitalized micro-patterns which are irregularly arranged, i.e.
without pattern repetition (see Figure 5). This results in a stainless steel
surface with a genuine random structure. Under all viewing angles and
light conditions a homogeneous surface is observed. For comparison,
Figure 5 also shows the standard Linen pattern with its regularly

? http://pcparch.com/project/plaza-tower
* http://en.wikipedia.org/wiki/Neuer_Zollhof
> www.som.com/projects/one_world_trade_center

Figure 1. Sparkling spire of the Chrysler Building (Source: Outokumpu)
e XM A B, RUVEEE£% CRIF: BEREY)
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Figure 2. Plaza Tower in Costa Mesa, CA (USA). Even more than 20 years after its
completion the fagade has not lost any of its original beauty. (Source: Pelli Clarke Pelli
Architects)

E2. 2EmMBHEEFEN T AR, RI20545, STEMFAYFERE R
JB: Pelli Clarke Pelli Architects)

Figure 3. Neuer Zollhof in Dusseldorf, Germany (Source: Outokumpu)
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Figure 4. One World Trade Center in New York City, NY (USA) (Source: Joe Mabel)
Ha4. ZEALHE T FO—FH CRIF: £EFH)

arranged alternating large and small ovals. Gloss and brightness

vary according to the viewing angle and therefore the process flow
direction during embossing needs to be considered when placing the
facade elements onto the building.

Current facade projects include the new UBS Headquarters (5
Broadgate) in London, UK. Make Architects have the vision to give
the building the appearance of a large motor block ¢. This idea is
implemented by covering the building with either glass or up to 6
meter long Linen-patterned stainless steel sheets of Grade 316L. The
fraction of stainless steel that is utilized for covering this building

is extraordinarily high and this material will hopefully serve as

a role model for the cladding of future building projects in the
neighborhood (see Figure 6).

For the Ilham Baru (IB) Tower in Kuala Lumpur, Malaysia which is
designed by Foster + Partners’ the company Alcoa Architectural
Products produces stainless steel composite panels for the facade.
The product is called Reynobond and consists of a 0.4 mm outer
sheet in 316L with Linen pattern, a core of 3 mm plastic material and
a 0.4 mm inner sheet in 316L with standard bright annealed surface.
The composite has the advantage of being light and stiff which
makes it very efficient.

The building 7 Bryant Park® placed in a prime location of New York City,

USA and designed by Pei Cobb Freed & Partners focuses on a sharp-
edged optic of Linen-patterned 316L facade elements.

For the new Amazon Headquarters in Seattle, USA designed by nbbj®
a shot blasted and therefore very dull surface (called “supermatt”)

¢ www.makearchitects.com/projects/5-broadgate
7 www.fosterandpartners.com/projects/ilham-baru
8 http://7bryantpark.com

¢ http://www.nbbj.com/work/amazon
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Figure 5. Visual comparison of Linen versus Laser pattern (Source: Outokumpu)
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together with a 2B (annealed and pickled) surface was delivered. The
“supermatt” surface finish is commonly used for roofing applications
and is in this case for the first time introduced on a facade. Additionally
both surface finishes are electrolytically colored in red, green and
champagne and are placed with different widths and lengths, vertically
and horizontally on the fagade.

Another current and so far largest facade project for Outokumpu is
the Ping’An Financial Center in Shenzhen, China'®. Approximately

1700 metric tons of Linen-patterned 316L are produced in 2013 and
2014. For Outokumpu this is a huge honor to supply the sheets for the
facade of China’s highest skyscraper after its completion (see Figure 7).
Architect of Ping’An is Kohn Pedersen Fox.

The Delivery Range of Different Grades and Surfaces for
Architectural Applications

Facade material must meet the highest quality standards and
therefore special effort is necessary when this material passes through
the production process. Particular attention is drawn to the visual
appearance as this needs to be as homogeneous as possible, also
among different production batches. This homogeneity is achieved
by keeping production parameters as constant as possible. Equally
important is flatness. In order to achieve an overall uniform, accurate
and even appearance of the cladding all the facade elements need to
have a perfect flatness. Such flatness is obtained by tension leveling
which is compulsory for facade material at Outokumpu. Tension leveling
serves two purposes: first, residual stresses are equalized and second,
the strip becomes completely flat. As the stainless steel experiences a
hardening effect during embossing, a final recovery annealing needs to
be performed on the strip in order to ensure good formability.

The above presented activities already indicate that Linen pattern is
the most common surface finish for facade projects at Outokumpu.
The reason why Linen is so often favored by architects is the
extraordinary texture that this pattern offers. Even though the eye
can no longer resolve the actual pattern from a certain distance on
the material appears more uniform, consistent and classy compared
to non-patterned material. Light is reflected more diffuse rather than
directional resulting in a more matt look. A small portion of the light
although is specularly reflected from the Linen pattern elements
leading to an appealing glittering effect.

Of course there exists a much larger range of surfaces for cladding
applications than just Linen. Besides standard 2B (annealed and
pickled) and BA (bright annealed) finishes Outokumpu offers more than
25 surface patterns. The most popular ones are Linen, Square, Diamonds,
Leather Grain, Austenite, Microlinen and Haze. Also completely new,
customized patterns can be embossed on stainless steel in the mills.

Another group of finishes is represented by the polished surfaces. The
polishing technique (dry, wet, duplo or microlon) together with the
selected grit size influences surface roughness and gloss and therefore
strongly determines the final visual appearance of the material.

Outokumpu also offers surfaces called 2R? with a particularly high
gloss (up to 60% at 20°angle). The surface is not mirror polished and
achieves its high gloss only by process steps directly applied to the coil

'° http://www.kpf.com/project.asp?ID=163

Figure 6. 5 Broadgate in London, United Kingdom (Source: Make Architects)
He. EMFMH M ER LI (B FEHR5F) (RIR: make architects)

Figure 7. Ping’An Finance Center in Shenzhen, China (Source: Kohn Pedersen Fox)
E7. BRI F % 4 8k 0 (3R IE: Kohn Pedersen Fox)
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on the regular mill facilities. On the other side of the gloss spectrum
Outokumpu produces the earlier mentioned dull finish called
“supermatt” It is a shot blasted surface and has a gloss of just 0.2%

at 20° and 1.5% at 60° angle. A similar dullness shows Outokumpu’s
“Deco Matt”finish. Its highly decorative rough surface is achieved by a
combination of deco rolling, pickling and brushing.

Concerning the selection of grades for facade applications, in the
vast majority of cases Grade 316L is utilized. 316L features both good
formability and weldability. It contains approximately 17% chromium,
2% molybdenum and 10% nickel. The addition of molybdenum
makes it more resistant in marine aerosols containing environments
compared to the standard Grade 304. Nevertheless, also with

316L a cleaning interval of once to twice a year is recommended
depending on the proximity to the sea, amount of rain, air humidity
and contamination with air pollutants. There is one particular region
in the world where the corrosion load is so extremely high that even
Grade 316L is no longer recommended for outside applications: the
bordering territory around the Persian Gulf. Several corrosion-inducing
factors come together here generating this severe environment. First
of all the lack of rain leads to a fast accumulation of dust, sand and
salt which form an adherent deposit on the stainless steel surface.
This deposit contains small crevices in which condensed humidity
can act as an electrolyte to induce corrosion. The high temperatures
during daytime even accelerate the corrosion process. In these harsh
conditions Outokumpu recommends the utilization of the Duplex
Grade 2205 (1.4462) for outside applications. The 2205 contains
approximately 22% chromium, 3% molybdenum and 6% nickel.

A dedicated team at Outokumpu is specialized on guiding architects
and builders concerning the selection of stainless steel grades and
surfaces. Even customized finishes upon special request for exterior or
interior claddings can be developed.

Statutory Regulations on the Reflectivity of Facades

To protect neighboring buildings and its residents from glare due

to direct sunlight reflection cities like Sydney and Singapore have
imposed regulation to limit the “daylight reflectance” of facades to a
total of 20%'"'%'3, In this content the term “daylight reflectance” refers
to the sum of both the specular and diffuse reflection of the facade
material. The drive to regulate the reflectance of buildings became very
present after the rumors spread that the reflected sunlight beam of
the London skyscraper nicknamed “Walkie Talkie” had melted parts of
a vehicle'®. Due to the concave shape of the southern glass facade of
this building the reflected sunlight was virtually focused to a sunbeam
pointing down to the opposing street and sidewalk. In a posting by
the Ministry of National Development of Singapore this incident in
London together with the glare problem of the tallest building in
Hong Kong (International Commerce Centre, ICC) was mentioned as
trigger to update the reflectivity regulations'. However this restriction
to 20% “daylight reflectance” does have the consequence that the
selection of suitable cladding material will become rather limited. No

" http://www.bca.gov.sg/BuildingControlAct/others/Building_Control_Regulations.pdf
2 http://www.corenet.gov.sg/einfo/Uploads/Circular/CBCA131028.pdf

'3 http://www.cityofsydney.nsw.gov.au/__data/assets/pdf_file/0020/128018/4_WEB_
Section3_DCP2012_130213.pdf

' http://mndsingapore.wordpress.com/2013/10/24/be-considerate-to-the-
neighbourhood
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uncoated metal cladding (regardless if it consists of stainless steel or
aluminum) does fulfill this regulation and could therefore be attached
to the fagade of a building anymore. Painting the surface black could
be a loophole out of this dilemma, but especially for stainless steel this
would not be an appropriate solution as this would destroy the major
visual material characteristics.

A common method for reducing the specular reflection of a metallic
surface is to increase its roughness. By applying this technique the
above mentioned supermatt surface has a specular reflectance at
20° angle of only just 0.2%. On the other hand, roughening leads to
a dramatic increase of diffuse reflection. Therefore, no matter which
roughness/gloss is adjusted on the facade material, the sum of
specular and diffuse reflection (equals the “daylight reflectance”) will
approximately remain constant.

In conclusion, problematic for metallic sheets is the fact that the
"daylight reflectance” does also include the diffuse reflection.
Unfortunately the result of this regulation is that due to physical
limitations uncoated metallic sheet material can never fulfill the
required 20% “daylight reflectance”and therefore can no longer come
into consideration for facade applications.

It is also worth mentioning that the two glare problems which the
posting of the Ministry of National Development refers to were in both
cases provoked by glass and additionally by the concave shaping of
the facade. The same applies to the crescent-shaped Vdara Hotel and
Spa in Las Vegas with its large glass front™. The newspaper article'
also mentions glare problems caused by stainless steel panels of Frank
O. Gehry's Walt Disney Concert Hall in downtown Los Angeles. Once
again also in this example the small percentage of glaring cladding
area was concave or crescent-shaped and the initial surface finish
was burnished. The glare problems were solved after sanding

down the metal surface which led to a duller appearance. To our
knowledge the stainless steel that Outokumpu has so far delivered
to the various mentioned building projects has never caused any
significant glare problems.

Furthermore, as the above mentioned exemplary cases impressively
demonstrate, it is the specular reflection that predominantly causes
these glare problems. Hence the main focus for regulations should
always be put on the specular reflection. Outokumpu takes these
incidents in London and Hong Kong very seriously and highly respects
and understands the urge for regulations regarding reflectance. Luckily
it seems that the Building and Construction Authority in Singapore has
an open ear for Outokumpu'’s concerns and a case by case decision
was indicated together with an accommodating statement concerning
the maximum acceptable percentage value for the specular reflection.

New Developments

Due to this concession of the Singapore authorities Outokumpu
started the development of new duller surface finishes with a lower
specular reflection. As commonly patterned surfaces are used for
facade applications the focus will also be on this type of finishes.
Earlier developments of dull surfaces have shown that those finishes
easily tend to appear somewhat “lifeless” Therefore the challenge in
this development is to maintain the initially mentioned liveliness and
sparkle that indwells stainless steel but simply in a damped down,
overall duller appearing sheet.
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Conclusion

Stainless Steel is a classy and much valued cladding material for
sophisticated architecture. This article presented several distinguished
facade projects with stainless steel that have been accomplished during
the past 20 years and provided a detailed insight on current activities.
The delivery range of applicable surface finishes for facades was
presented. In this context, the high corrosion load in some Middle East
countries was explained and the Duplex Grade 2205 was recommended
for this region. Furthermore the new restrictions in Singapore concerning
the "daylight reflection” of facade material were discussed and their
consequences for stainless steel were analyzed and questioned.

The article closed with an outlook on current research activities at
Outokumpu to develop duller surface finishes for facade applications.
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