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Abstract

Metal claddings frequently skin our tall buildings. They provide the texture and shine that help
distinguish one glass tower from the next. Like the fabric on a well-tailored suit, metal claddings
provide the pleasing lines that ornament our fagades; however, like a thread out of place,
selecting the wrong metal for a fagade can lead to imperfections that distract from the elegant
appearance of our towers of steel. This paper discusses a variety of metals and the factors to
consider when selecting a metal cladding system.

Keywords: Metal, Curtain wall, Corrosion, Pollution, Stainless Steel
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Introduction

Architects inherently desire innovation in
their designs; however, they often neglect

to realize the limits of building materials.
This paper will present information on the
innovative metal use in tall building fagcades,
identifying potential pitfalls and providing

a practical guide on how to avoid them.
Designers can become complacent with

a preferred palette for cladding elements;
however, a stainless steel facade suitable for
a Chicago high-rise may not be as effective in
the coastal region of Saudi Arabia. A copper
screen wall designed for the clear skies of
Helsinki may not be the best solution for the
corrosive pollution found in Beijing. Different
building environments require different
metal cladding systems. This paper will
address the fundamental pros and cons of
using aluminum, carbon steel, stainless steel,
copper, titanium and zinc. The goal is to
identify which metals and finishes are best
suited for coastal areas, deserts and cities
with extreme pollution.

Aluminum

Probably the most prevalent metal cladding
material, aluminum is relatively inexpensive,
lightweight, and has a variety of strengths
and hardness properties. Its major limitation
is that it needs to be coated. Raw aluminum
exposed to the elements will chalk up and
discolor. This type of patina is not typically
desired for a building facade.
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Aluminum coatings are basically in two groups: Liquid or Powder which
coat and protect the surface from corrosion and add color. The best
liquid coating uses a PVDF (floropolymer) resin. PVDF liquid coatings
offer the best selection of colors, including the metallic family, and are
able to use a higher concentration of metal flake that gives a rich and
deep appearance. PVDF coatings are more common in North America,
for example: Aqua Tower, Chicago; however, they are frequently used in
China. For example, the perforated aluminum cladding on the facade

is Hotel Kapok Shenzhen Bay (19 stories tall) in Shenzhen completed in
2012 uses a 3-coat liquid PVDF metallic coating (see Figure 1).

Powder coatings are the second most common group for aluminum.
These coatings are friendlier to the environment as they contain no
solvent and emit the least amount of VOC's. Powder coatings can also use
high performance PVDF resin. Other Powder coats use polyester powder
coatings (PPC). These coatings are approaching the durability of liquid
PVDF coatings (for example: the Shard, London). Both Powder and Liquid
PVDF systems require a pre-treatment of the metal before applying the
liquid paint or powder coating. This is critical to obtain the high level of
aluminum corrosion resistance (AAMA 2605-05, seacoast testing).

Anodized aluminum is the third type of protection and is not a
coating. Anodizing is an electrolytic surface treatment that increases
the thickness of the natural protective oxide passive film that forms
on the surface and improves corrosion resistance. The thickening of
the passive film can also provide subtle colors to the metal. Porous
anodizing treatments can also be dyed. This is the least expensive
of the three typical aluminum surface treatments, but is limited to
around eight different colors and is difficult to repair in the field.
Anodized surfaces have better corrosion resistance then untreated
raw aluminum but they are much less corrosion resistant then liquid
or powder coatings. In polluted or salt laden environments it is critical
to provide regular cleaning to remove these contaminants from

the surface of the metal. For this reason, anodized aluminum is not
recommended for polluted or heavily salted environments.

All three aluminum finish systems provide a range in durability for
fairly aggressive environments; however, like most coatings, an
aluminum coating can be worn off. Sand erosion can result in a loss
in gloss and create an undesired sandblasted appearance or remove
the protective coating entirely leaving it unprotected from corrosion.
In abrasive conditions, like the sandstorms of a desert environment,
sand erosion must be considered.

Recently there has been some attention to filiform, a type of crevice,
corrosion on aluminum extrusions. The filiform is visible at a cut edge, and
the corrosion is visible creeping up the extrusion from underneath the
coating itself. A fabricator often purchases the extrusions pre-painted and
in standard lengths, and then proceeds to cut the extrusions to specific
dimensions. This results in the bare metal edge that provides entry to
filiform corrosion. Coating manufacturers have recommendations on
steps that can be taken to greatly reduce or eliminate the chance of
filiform corrosion beginning by treating the cut edges.

With the exception of zinc, aluminum is more anodic then the

other metals discussed in this paper (see Figure 10). Aluminum

will sacrificially corrode if the conditions for galvanic corrosion

exist (moisture and direct contact with other metals). The final
consideration when selecting aluminum is thermal expansion.
Aluminum expands at twice the rate of steels (including stainless) and
the pure copper alloys typically used for cladding. For this reason, all
cladding details must allow for thermal expansion of the metal.

Figure 1. Hotel Kapok Shenzhen Bay, Shenzhen 2012. 3-coat liquid, metallic PVDF
coating on perforated aluminum panels. (Goettsch Partners)
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Steel

Carbon steel is used infrequently as a cladding element in tall
buildings because of its heavy weight and its susceptibility to
corrosion. Carbon steel discolors and corrodes in a wet environment;
however, it can be coated to resist corrosion. There are a variety of
high performance paint systems. When selecting a paint system, it is
critical that the coating be applied over a properly prepared, abrasive-
blasted or power tool cleaned surface covered with a zinc-rich
primer. A comparison of the performance of the three most common
paint system in terms of loss in gloss reveals the following ranking:
polyurethane top coating is better than acrylic solvent-based enamel,
with the acrylic water-based enamel being the worst performer.

Galvanizing is another coating system used for carbon steel. Galvanized
steel is basically carbon steel with a layer of zinc and sometimes
aluminum, which takes advantage of galvanic corrosion to sacrificially
protect the carbon steel until the coating is lost. The process adds the
longevity of steel in an exterior environment; however does not typically
have the finished appearance desired for an exterior fagade and provides
limited protection in a salt-filled or polluted environment (see Figure 2).

A unique type of carbon steel that does not need to be coated is
"weathering steel” Weathering steel is a type of steel that develops

a rust-colored oxide film or patina that has a slower corrosion rate
then carbon steel. Weathering steel (sometime referred to by the
trade name COR-TEN © steel) must be left unfinished in an exterior
environment. Sometimes misunderstood, weathering steel is not
rustproof and continues to corrode. In order to form the protective
oxide, it must be exposed to regular wetting and drying cycles. It is not
suitable for high moisture environments (high rainfall, regular fog, high
humidity), where moisture will accumulate without drying, or coastal
environments. For this reason, elimination of any surface crevices is
important, and proper drainage of surfaces is critical to the detailing of
this type of metal. Weathering steel’s normal surface weathering can
lead to rust stains on nearby surfaces. Like any metal patina, the details
of the cladding should consider controlling water runoff to prevent
staining of elements below. For example, the former Omni Coliseum,
Atlanta, Georgia, built in 1972, never stopped rusting, and eventually
large holes appeared in the facade. This was a major factor in the
decision to demolish it just 25 years after it was constructed. The same
thing can happen in environments laden with sea salt. Hawaii's Aloha
Stadium is an example of a salt laden environment metal failure. A
recent project that uses weathering steel, as a cladding element, is the
United States Consulate, in Guangzhou, completed in 2011.

Stainless Steel

Stainless steel's material strength is similar to Carbon steel; however,
unlike Carbon steel, stainless steel has a greater propensity to resist
corrosion; much higher ductility, elongation, impact resistance, and
better high temperature fire resistance. The thermal conductivity and
expansion of stainless steel vary with the alloy family. Typically, the
thermal expansion of stainless steel 304 and 316 is 40% more than
carbon steel, while duplex 2205 stainless steel has similar thermal
expansion properties to carbon steel. In addition, stainless steel comes
at a higher cost. The cost of stainless steel depends on which type is
specified. Type 304 is the most common for cladding elements and
provides good corrosion resistance. Where moderate salts or industrial
pollution are present, a slightly more expensive Type 316 stainless
steel is usually suggested. Either stainless steel can be used in more
corrosive environments if there will be regular cleaning. A recent
project using a Type 316 linen finish stainless steel is the Park-Hyatt
Guangzhou (66 stories), completed in 2014 (see Figure 7).

756 | CTBUH 2014 Shanghai Conference

Bhh) BR R AR E R, EBBEHRETES RHE
WK BRABKEZE AT RIGENRN (A THN KA
SHFF. BTENRE, FRERETAXAATZEBHHRE
fK o

W

EEEEAT, RARIHERFIECETE, BALTEN
EER R ERAE. RNEHENTREF 2L ERES (E
2, CHUBBREUNEM,. THEHEXEHNEERRNR
Go BEF—MRHRGN, LRNTZEREFTELES, UE
A REN TEEERE, EXERN S REE—REHK
Bo ZMEE LW EERAZELLFRKNLRFEUTHA:
REWEZNAFREANLTMEST, FRFRAEEMERA
wEH.

FHERTHRNN A —FRER K. EHERNERERHRRNETH —
EH RRES), AAR@REARS, FERFRRALIRE
FRe RANBR T REZHAEFH A4, EEAETELA
[ BSI % ST AT R R R SN, e s AR T R IR X R 4R
AIREERSF (5 LED) .

"THEN R — A EERERP AR RARE, X TRENT
T, IMAEREREN A —EFECEaNEREZ, HRRF

FENEME, WRM CFLE ARG R A ERR), LFE

ENREFRFALE TR T . AEESH FME, WENLLE
TG EFeRELES. A THRRPEEL, XAKELEET
AR E R TIRER., ETEATEALTE (GETE,
ME, GRE), YHHNAs2MRBELETE, ©4ETHEER
o HTEANEE, HhEAOHREZEEW, FNTTXEXEE
FETE AENEROHAZXEER. MENNEFREANS
SRGRREERANET. GEALESE, AENT ANEE
BHKERE, UGERETraESLE, flin, WeZhEE
(OmniColiseum) , TEH= A, ET19724, AREMITAES, FF
KAENLE EHIAT AFE. X5tRETEREFREFRCH
TERHE. AFNEFELTUERHELNAR T LA, AR
B [ % ¥h /R B 37 (Aloha Stadium) £ — A4 B % 4 35 31 55 34T 6 71
Fo I — AR TAZSE X A T AR B =02 ) My = B 40
EE, T2011£%T,

&R

THMORESHRNEM LK, FETHRMA, FFHEFEA
BT R ER e, KR, @RS, MEFAEE
WK, FTHERNAFERBRLEALNMETAER., &
H, 304F1316 G A BN A K HL B AN £ 40% , T R AH 2205 745 4K
AA SR ME A KEE. A, THEREALERE. 7%
UEY AR BUR T FTde R £, 3048 2 5% WV E AL, 26t
RIFHWm Rk, NAEE#S s T FRFEN T, BERE

Figure 2. Galvanized Steel, Type 316 Stainless Steel and 2205 Stainless Steel bright
annealed samples, Dubai Beach Site - 9, 12 and 21 months exposure with no cleaning.
(Outokumpu / Nickel Institute)
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Although Type 316 stainless steel provides excellent corrosion
resistance, it can discolor in a high salt or industrial pollution
environment. Type 304 and 316 stainless steel comes in a variety of
finishes and can be colored to give it the shine of gold or copper. 2205
duplex stainless steel is similar to or somewhat more expensive than
Type 316. Its much greater resistance to salt and industrial pollution
corrosion can minimize maintenance cleaning. The finishes are
currently limited to linen, a finish that resembles glass bead blasting,
and polished which makes the use of this metal type less frequent;
however, because of the higher strength and superior corrosion
resistance, this material can be considered to be used in a thinner gage
than the other stainless steels (see Figure 9).

Other then titanium, stainless steel is the most noble of the metals
discussed in this paper and, if it is in direct contact with other metals, it
could accelerate their corrosion if that is not considered during design.

Copper

While essentially pure copper alloys are most commonly used for
architecture, other alloys like the nickel silvers and Monel have been
used as cladding elements offering raw metal colors ranging from
orange to warm silver tones. As a cladding element, the close to pure
copper alloys have a natural color, turns brown and then eventually
takes on a green patina appearance. Copper can provide a wonderful
patina for a building fagade; however, it does have limitations for tall
buildings. It does not have a high tensile strength (a fraction of high
strength steels), can cause run off staining, and is often needs to be
combined with other copper alloys (Brass and Bronze) to provide
increased strength properties. It is higher in price than other metals
and yet does have a limited corrosion resistance to salts. Corrosion
maps are critical to determine how metals perform in a particular
region (see Figure 3). Corrosion maps are available for most major
cities. The maps reveal areas of low, medium and high environmental
corrosivity for different materials and help to determine the thickness
and required life span of a material in a particular environment. Copper
has a similar thermal rate of expansion to austenitic stainless steels
like 304 and 316. It is more noble than aluminum, carbon steel and
zinc and must be separated from them to prevent galvanic action and
accelerated corrosion of those metals (see Figure 10). It is less noble
then stainless steel but, in all but the most severe environments, these
metals are used in direct contact without a problem.

Titanium

Similar to Copper, Titanium is a chemical element. The two most useful
properties of this metal are corrosion resistance, and the highest strength-
to-density ratio of any metallic element. Titanium has a lower rate of
thermal expansion than stainless steel, aluminum or copper. Although

Titanium is similar to stainless steel in appearance, its main limitation is cost.

Titanium is much more expensive than other metals and, for this reason,
currently has limited use in tall building fagades. One of the most notable
uses of Titanium cladding is the Guggenheim Museum, completed in 1997
in Bilbao, Spain. Titanium can be combined with other metals like Zinc to
provide better strength properties to these other metals.

Zinc

Zinc is more frequently used as a roofing element than a cladding
element. The zinc roofing tradition can be attributed to the metal’s
durability in environments with no salt exposure. The roofs of Paris
have been covered with this material for hundreds of years. Zinc
develops a natural patina similar to copper. Zinc will turn from a shiny
mill finish to a uniform gray over the course of two to five years. The
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Figure 3. Atmospheric corrosion map. Corrosion rates of Copper after six years of
atmospheric exposure in Kuwait. (KISR, Kuwait Institute for Scientific Research)
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Figure 4. Blue Cross Blue Shield, Chicago, completed in 2010. Lower floors using 316
stainless steel with 304 stainless steel above. (Goettsch Partners)
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Figure 5. Blue Cross Blue Shield, Chicago, completed in 2010. Lower floors using 316
stainless steel with 304 stainless steel above. (Goettsch Partners)
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patina is actually a chemical reaction of the zinc with rainwater forming
zinc hydroxide, and the addition of carbon dioxide or pollution. It is
the most anodic metal discussed in this paper. If an environment is

too corrosive for zing, then it forms a chauky greyish white corrosion
product with deep pits. Salts particularly increase its corrosion rate and
only bare carbon and weathering steel are less corrosion resistant, but
the heavier thicknesses used help to extend service life. Zinc is not
used for many cladding elements because of its higher cost and low
strength properties. A notable modern cladding system using zinc is
the Jewish Museum, completed in 2001 in Berlin.

Factors to Consider when Selecting a Metal Cladding System

Salt

Airborne salinity refers to the gaseous and suspended salt contents
found in the atmosphere. Coastal regions of the world contain a high
airborne salinity. High salt content in the air can contribute to the
corrosion of ferrous and non-ferrous metals. (see Figure 2) Coastal cities
must consider the presence of salt when selecting a metal cladding
system. Cities away from the coast are also susceptible to corrosions
from salt. Deicing salts used to clear icing roads in the winter months
can adversely affect the lower floors of our tall buildings. For this
reason, Type 316 stainless steel (in lieu of Type 304) is typically used for
the lower floors of buildings exposed to deicing salts. The Blue Cross
Blue Shield Headquarters, completed in 2010 in Chicago, uses Type
316 linen finish stainless steel for the first two floors to prevent the
salts from the deicing trucks from deteriorating the metal panels at
the base of the building. Type 304 linen finish steel panels are used for
the remainder of the 55-story office tower. (see Figures 4 and 5). All of
the metal families discussed can potentially have pitting and crevice
corrosion problems as the result of airborne salinity. The most severe
salt environments are those with high levels of salt accumulation

and enough moisture (i.e. fog, humidity, condensation, light rain)

to constantly dampen the metal surface. Examples include coastal
locations with minimal rain, coastal locations which only have light
misty rain or fog, and those with particularly high deicing salt exposure.
In these environments, type 316 stainless steel can show signs of
discoloration (see Figure 8). The most corrosion resistant options are
titanium and highly alloyed stainless steels. For these conditions, 2205
duplex stainless steel should be considered.

Rain

Many coastal regions feel the effect of salt; however, a great equalizer
is heavy rain capable of naturally washing surfaces. Many cities have
a natural cleaning mechanism in rain that washes away corrosive
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Figure 6. Combating Crevice Corrosion (Nickel Institute)
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elements on the face of our tall buildings. Certain regions of the

world, for example the Middle East, have large towers constructed

near salt waters; however, they do not have the benefit of adequate
rain to rinse the salts off of the facade. Selection of the correct metal
cladding is critical to maintaining the desired metal finish. If stainless
steel is desired, 2205 Stainless Steel should be considered in areas
with minimal rainfall where salt is present in the air or where building
maintenance is difficult to provide. The King Abdulaziz Center for World
Culture, Dhahran, Saudi Arabia plans to use 2205 stainless steel for its
cladding system, expected to be completed in 2015.

Pollution

Many tall buildings are being constructed in developing nations where
pollution runs high. Waking up in cities like Beijing, residents check
the forecast for pollution levels for the day instead of the weather.
Pollutants can contribute to the corrosion of metal cladding systems.
Acid rain can deteriorate the finish of metals in a manner similar to

salt. Combining high pollution with a coastal environment in a region
that has little rain will create extremely severe conditions for metal
corrosion. Atmospheric corrosion maps are critical in locating cities
with extreme pollution conditions (see Figure 3).

Maintenance

Although pollutants and salts can attach to the skins of our buildings,
a corrective agent to maintain a building’s shine is regular cleaning.
Many of the corrosive ills of metals can be cured through periodic
cleaning. Regular maintenance can provide the long-lasting
appearance of our metal claddings. In order to do this, designers must
make sure all areas of a fagade are easy to maintain. If portions of a
facade are difficult to maintain, they will not likely be maintained and
discoloration of the metal facade elements will follow.

Detailing

In addition to providing easy access for cleaning, good detailing
provides an added benefit to metal cladding systems. Crevices in a
building skin can provide places for water, salts, pollutants and sand
to collect and permanently stain and corrode metals. Additionally,
the corrosion rate of metals in tight crevices is higher then it is for
the surrounding metal. Elimination of these crevices in the fagade
can greatly improve the appearance of the building (see Figure 6)
and improve its corrosion performance. Horizontal metal surfaces
should be avoided as they lead to the collection of dirt that can stain
the facade after a rain. Sheltered metal surfaces on a building will go
unwashed when it rains and must be accessible for regular cleaning in
order to maintain the same appearance as the unsheltered areas.

Finish

Metals can be fabricated with a variety of surface finishes. Linen finishes
to metal panels can contribute to the luster of a textured fagade (see
Figure 7). The finish of a metal surface can affect its durability. Surface
roughness can add to the texture of a facade, but reduce its ability to
stay clean and accumulations of corrosive salt and pollution are higher,
increasing the corrosion rate. Smoother finishes are less likely to pick up
dirt and contaminants and require less maintenance. Grain direction of
uncoated metals can also help with maintenance. A strong horizontal
grain surface is more likely to collect contaminants than a vertical or
fine grain surface. Electro polishing of stainless steel provides one of
the smoothest finishes possible for exterior decorative elements. This
smooth surface minimizes the risk of contaminants forming.
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Figure 7. Park Hyatt Guangzhou - Type 316 linen finish stainless steel. (Goettsch
Partners)
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Sand

Sandstorms in desert environments must be studied for cladding
systems constructed in these regions. Paint coatings are susceptible

to damage during sandstorms. Sand erosion results in a loss of gloss
and a sandblasted appearance. As technologies improve, coatings
have become harder; however, they can still be removed in an abrasive
storm, and the refinishing of metals in the field can be difficult and
costly. Stainless steel can be an excellent solution for cladding systems
in a desert environment because this metal can be left uncoated.

Costs

[tis easy to recommend expensive metal like Titanium and 2205 duplex
stainless steel for cladding elements; however, it is harder to afford these
metals for projects with limited budgets. Designers need to educate their
clients on the limitation of metals used and the maintenance required
to maintain their shine. It is not uncommon to use higher priced metals
at the lower levels of our tall buildings with the understanding that
these areas will be the most visible and easier to maintain. As metals
with greater corrosion resistance are specified and used, their cost will
decrease and they will be easier to obtain. Fabricator inexperience can
sometimes have a greater impact on bid pricing than raw material cost
of new materials. Metal producer involvement can be helpful.

Conclusion

Selecting the metal finish and alloy compatible with the environment is
critical for maintaining the elegant appearance of our new tall buildings.
The best location for a metal fagade would be a non-coastal city, with

low pollution, that did not require deicing in the winter and was regularly
maintained (for example, a tower in Paris). Most alloys and coatings would
work in this environment. The most challenging location for a metal
facade would be coastal regions, in a polluted desert city, where the
buildings are not maintained. 2205 Stainless Steel should be considered
in this environment. Selecting the correct metal is critical to the long-term
appearance and performance of our towering blades of steel.

Figure 8. 316 Bead Blasted Stainless steel - two months after installation, showing signs
of corrosion, Doha, Qatar. (Catherine Houska, IMOA )
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SIMPLE GALVANIC
CORROSION TABLE

BRI F AR

Active (Anode)  EME(FHER)
S
Zinc =3
Aluminum B
Steel or Iron R B8
Brass b4
Copper )
Bronze b=l
Stainless Steel (304,316) TEW (304,316)
Stainless Steel(2205) AEN  (2205)
Titanium £k
Gold &

v
Noble (Cathode) &% (FE#R)

Figure 9. Stress Strain Comparison of Carbon Steel, 304, 316 and 2205 Stainless Steel. Figure 10.The further apart on the chart, the more dissimilar the metals are, and the
(AISC, American Institute of Steel Construction) higher the level of corrosion of the anode. (Goettsch Partners)
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